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CHAPTER I

INTRODUCTION

Through the years many methods have been used to

preserve meats. A few of the preservation methods used

are drying, canning, irradiating, freezing and freeze-

drying.

Canned and canned irradiated meats are cooked, and

thereby are limited in the number of ways they can be

prepared for the table. Flavor changes may also take

place in the canning process, more than in the freezing

process, which may make meats prepared in this manner

somewhat less acceptable.

Dried meats go through physical changes which

affect their ability to be reconstituted to their original

volume. Also, with air-dried meats there is extensive

protein denaturation, the texture is tough and dry, the

color is darker, the odor and flavor are frequently

abnormal.1

Freeze-dried meats have a higher acceptability than

the conventionally air-dried meats, but the process is

expensive. The cost is sixteen to twenty-four cents per

 

I

H. Wang and others, "A Histological and Histo-

chemical Study of Beef Dehydration, IV, Characteristics of

Muscle Tissue Dehydration by Freeze-Drying Techniques,"

Food Research, 19:5h3-Sh5, June, 195A.

2

Ibid.



pound of water removed compared to two to seven cents per

pound of water removed by the air-dried method. This makes

it impraCtical unless a reduction in weight is necessary

for shipping, or because there is a lack of refrigerated

storage space.3

Of the above mentioned preserving.methods, freezing

is probably the most widely used and most practical today.

For centuries cooks have been aware of the significance of

chilling meat to preserve it, but only for the past twenty

years have they been aware of the tremendous potentialities

in freezing meat. The nutritive value of properly frozen

meat is nearly equal to that of fresh meat. Frozen meats

have substantially the same mineral, protein and vitamin

content.

One disadvantage of frozen meats is that more heat

is needed to bring them to the final state of doneness.

The transfer of heat may be accomplished by a variety of

methods. The item can be defrosted slowly in a refriger-

ator at approximately ho degrees Fahrenheit. The slow

defrost method is used with the thought that slow defrost-

ing gives the meat fibers a chance to absorb some of the

 .32

Tischer, R. G., Brockmann, M. G., "Freeze-Drying

Ups Quality of Q. M. Quick-Serve Rations", Food Engineering,

30:110-112, January, 1958.

h

"Freezing Foods", The Wise Ehc clo edia of CookegzI

(New York: Wm. H. Wise and 60., Inc., I9SE;, p. 539.



drip that comes from the thawed meat. The absorption of

drip depends more on the temperature at which the meat was

frozen rather than the rate of defrosting.

Meat may be defrosted by more rapid means such as

exposure to air at room temperature (approximately 72

degrees Fahrenheit) or temperature higher than room temper-

ature, as in a warming oven. Meat is sometimes thawed in

water since it conducts heat more rapidly than air. Cuts

defrosted in water may gain weight and the natural meat

juices become diluted.6 Defrosting ground beef, with its

.many out surfaces, in water would provide an excellent

opportunity for water to dilute the natural meat juices,

washing away much of the flavor and nutritive value.

Another rapid method of defrosting is to cook the

meat directly from the frozen state by such methods as

roasting, braising, frying or broiling.

One of the methods of defrosting at temperatures

below those which.would cook the meat is by the use of

forced convection of air within a satisfactory temperature

range.

 

‘5

Lowe, Belle, Experimental Cooke§y. (fourth edition:

New York: John Wiley & Sons, Inc., , p. 105.

6

Ibid., p. 103.



THE PROBLEM

It is probable that commercial meat freezing began

in New Zealand for the purpose of keeping mutton in good

condition during transportation to England. As long ago as

1891 New Zealand shipped 2,153,000 mutton carcasses.

Today there are 21 million cu. ft. of storage space

in meat packing plants in the United States plus many more

million cubic feet of storage space for frozen vegetables,

fruits, and prepared foods.7 Defrosting of the millions

of pounds of frozen foods is an important process.

Quick freezing of meat is done by several methods

today. The product can be frozen by direct immersion in a

refrigerating medium, by indirect contact with a refriger-

ant by placing the product on a metal surface cooled by

refrigerating media, and also by freezing in a blast of

cold air. The old method of air freezing has been improved

by rapidly circulating the air, which brought this method

out of the slow freezing class into the quick freezing

class. There are numerous types of airblast freezers

operating with air velocities ranging all the way from 100

feet per minute up to 3500 feet per minute.

 

7

Donald K. Tressler, Clifford F. Evers, The

Freezin Preservation of Foods (Westport, Conn.: The AVI

ub 3 ng Company, I957). P. 88.
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Air blast or forced convection freezing is probably

the most common method used today.8 However, little work

has been completed on the use of forced convection for

defrosting meat. This study has been done in an effort to

investigate the defrosting of meat by forced convection.

Statement 2; the problem. The purpose of this study
  

was to determine the rate of defrosting of ground beef at

varying air velocities and temperatures. The objectives of

the study were threefold: (l) to determine the effect of

different air velocities at constant temperatures on the

rate of defrosting ground beef; (2) to determine the effect

of varying air temperatures at a constant air velocity on

the rate of defrosting ground beef; (3) to determine an

optimum air velocity, within the air velocities studied,

if the rate of defrosting is found to be influenced by air

velocity.

Delimitations. The scope of this study was limited

to fourteen defrosting tests and at least two replications

of each test. The meat specimens used for defrosting were

one pound ground beef specimens having a uniform.composi-

tion of 60.6 per cent moisture, 13.8 per cent fat, and

25.6 per cent muscle fiber and connective tissue. The

 

8

Ibid., p. 121.
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specimens were defrosted in still air and six air veloci-

ties from 100 f.p.m. to 600 f.p.m. by 100 f.p.m. increments

and two air temperatures of 71 to 72 degrees Fahrenheit

and 81 to 82 degrees Fahrenheit.

Any conclusions drawn from this work would be valid

only when applied to defrosting the same kind of meat

under the same conditions, although implications can be

.made of the rate of temperature change applied to other

types of meat and frozen products.

Hypotheses. Three hypotheses were the basis for
 

making this study: (1) that forced convection does

increase the rate of defrosting frozen ground beef;

(2) that higher temperatures of the air surrounding the

meat increase the rate of defrosting; (3) that an optimum

air velocity exists within the air velocities studied.

Definitions 2£_terms. To clarify terms in order
 

that there will be no misunderstanding, these terms will

be used as follows throughout this study:

Defrost. To raise the temperature above the frozen

point. In this work the word defrost is used to mean the

changing of temperature in the meat Specimen from-+2.0

degrees Fahrenheit to-+3h.0 degrees Fahrenheit.
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Rate of defrost. In this study the rate of defrost

is the temperature change per unit of time having the

dimensions of degrees Fahrenheit per'minute.

Still air. The term "still air" applies to a
 

condition surrounding the specimen where the air currents

occurring are by natural convection and not due to forced

convection.

Thermocouple. A thermocouple is a device consisting

of two dissimilar metals joined at one end and the other

ends connected to a millivolt meter. The millivolt meter

indicates a change in voltage generated within the circuit

when the joined ends are subjected to different tempera-

tures. The millivolt meter is calibrated in temperature.

Defrosting meat. Water changes from the solid state

to the liquid state at 32 degrees Fahrenheit. The water in

beef contains dissolved minerals and salts which lower the

freezing point to about 28 degrees Fahrenheit.

To defrost meat, heat must be transferred to the

meat to raise the temperature above 28 degrees Fahrenheit

in order to change the state of the water in meat from the

9

solid to the liquid state.

 9

Statement by Lymon J. Bratzler, Professor of

Animal Husbandry, Michigan State University, interview.





REVIEW OF LITERATURE ON HEAT TRANSFER

The preliminary search of literature revealed no

studies having a direct relation to the rates of defrosting

meats. Defrosting of meats involves a transfer of heat

from the material surrounding the meat to the meat. The

inclusion of a review of heat transfer is important to

any study on defrosting of meat.

Methods g£_heat transfer. Heat energy may be

transferred by conduction, convection, and by radiation.

They are defined as follows:

Conduction is the transfer of heat from one

particle of matter to another, the particles being

fixed in position relative to each other.

Convection is the transfer of heat from one

part of fluid to another by the mixing of the

warmer particle of the fluid with the cooler.

Motion in the fluid caused by difference in

density within the fluid is called natural

convection. If the motion of the quIE Is

caused'By some mechanical means such as s

stirrer, pump, or fan, it is called forced

convection.

 

Radiation is the transfer of heat from one

body to another as a result of the bodies

emitting and absorbing a form.of energy called

radiant energy.10

 

10

H. J. Stoever, Applied Heat Transmission (New

York: McGraw-Hill Book Company, Inc., IgEI}, p. 35.
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The defrosting of frozen.meat to the point where it

is workable is a matter of transferring heat to the meat

from.the surrounding medium.

Heat transfer takes time and energy. It has been

shown that heat transfer by convection will take place at

an increased rate if the heating fluid is put in motion

11

around the object by a fan or pump.

Insulating lgyer. Brown and Marco report that much

of the resistance to heat transfer by convection is caused

by an insulating layer of air through which heat must pass.

Their explanation is:

From the work of investigators in the fields

both of fluid flow and of heat transfer, the

concept has developed that when a fluid flows

over a surface, as in the case where air is

flowing along a wall (whether in streamline or

in turbulent flow) a stagnant fihm adheres to

.the surface and acts as a heat insulator.

Experiments in recent years have shown the

actual existence of such a film, although it

is found to be not entirely stagnant. In fact

where the main fluid stream.is moving at a

velocity in the range of turbulent flow, the

film itself may be divided into two layers: the

first composed of particles completely without

motion adhering to the surface and particles

creeping along in streamline flow with increasing

velocity as the distance from the surface is

increased; and the second layer, much.thicker

than the first, being a transition zone composed

of eddy currents moving at a higher velocity

although not so swiftly as the main portion of

the fluid stream. The boundary between these

two layers is not sharply defined.

 

II

Ibid., p. l.
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No attempt is ordinarily made to measure

the thickness of the film, which may be

immeasurably thin or several hundreths of

an inch in thickness, but in the study of

heat transfer it may be visualized as a

barrier to the flow of heat, a barrier that

adheres to the surface but is partially wiped

off and accordingly reduced in effectiveness

as the velocity of the fluid is increased.

In the process of heat transfer by convection,

heat is transferred really by conduction through

the stagnant portion of the film and is then

transferred to the moving particles and carried

away by convection currents into the main portion

of the fluid stream.12

Another explanation of the effect of the insulating

layer given by Henderson and Perry is as follows:

Much of the resistance to heat transfer by

convection is found in the layer of fluid, in

laminar flow without mixing, moving adjacent

to the surface. Heat is transferred through

this layer only by conduction. The surface

conductance can be thought of as the conductance

of a layer, having the conductivity of the fluid.

The conductance can be increased by reducing the

thickness of the laminar layer by more vigorous

agitation, more active thermal circulation, or

by operation at higher Reynolds-number values.1

Figure 1 shows in diagram form the laminar or

stagnant layer of air at the surface of a solid.

 

12

Aubrey I. Brown, Salvatore M. Marco, Introduction

to Heat Transfer, (New York: McGraw-Hill Book Cempany,

13°03 T951), pp. 83'8“-

13

S. M. Henderson, R. L. Perry, Agricultural Process

En ineeri , (New York: John Wiley and sons, Inc.;_l§557,

p. 225.
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Newton's law of cooling and heating. Newton's law
 

 

of cooling and heating states that the rate of heat

transfer is directly proportional to the difference in

temperature between the two substances.1hFigure 1 shows

how moving air, by dispersing much of the stagnant layer

and bringing the warm air close to the specimen, increases

the temperature difference between the two substances.15

Since heat is transferred by radiation and

conduction as well as by convection, these two items were

considered in planning the study.

Boltzman's fourth-power lag, This law states that

the heat transfer rate by radiation is a function of the

difference between the fourth power of the source tempera-

ture (in degrees Kelvin) and the fourth power of the

temperature of the absorber (in degrees Kelvin).1§At the

low temperatures encountered in this work, the effects of

17

radiation are negligible and need not be considered.

 

1h

Ardhie G. Worthing, David Halliday, Heat, (New

York: John Wiley and Sons, Inc., l9h8), p. hh2:53.

15

Henderson and Perry, loc. cit.

16

Worthing and Halliday, 22, £13,, pp. h38-39.

17

Statement by Dr. J. Leon Newcomer, Director, Food

Service Industry Research Center Laboratory, Michigan State

University, personal interview.
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The eXperimental equipment was designed to minimize

direct contact between the meat specimen and the bodies at

higher temperatures. Therefore, heat transfer by

conduction can be safely ignored.

In consideration of these precautions the principal

mode of heat transfer between the air and the test

specimens was limited to convection.



ORGANIZATION OF THE REMAINDER OF

THE THESIS

Chapter I has introduced the problem.and stated

the delimitations of the study. A review of literature

as it pertains to defrosting meat by forced convection

is also contained in the first chapter.

The remainder of the thesis has been arranged into

four parts. Chapter II has been devoted to a review of

the factors that influence the rate of heat transfer when

defrosting meat by forced convection. Chapter III deals

with the apparatus used in defrosting the meat specimens

and the methodology of conducting the tests. Chapter IV

is a presentation and discussion of the results of the

defrosting tests. The final chapter contains a summary

of the entire study, conclusions drawn from the author's

investigations, and his recommendations.



CHAPTER II

FACTORS AFFECTING THE RATE OF

‘DEFROSTING GROUND BEEF

Ground beef was used in this study because it was

reasonably priced, readily available, it was possible to

get a uniform specimen, and because it is a product that

is widely used.

Ground beef is usually defrosted completely before

cooking is started because it frequently has other

ingredients mixed with it to form a finished product such

as meat loaf or meat balls. The meat must be cempletely

defrosted so that a uniform mixture with the other

ingredients.may be obtained. Defrosting at temperatures

above 150 degrees Fahrenheit would probably cook the

surface before the center of the meat became soft enough

to mix with the other ingredients. Therefore a rapid

method of defrosting at relatively low temperatures is

necessary.

The study was concerned with studying the effect of

different air velocities at given temperatures on the rate

of defrosting meats. Other factors also influence the rate

of defrosting. It therefore becomes necessary to

establish conditions whereby all factors except air

velocity and air temperature could be maintained constant.
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The rate of defrosting was assumed to be influenced

by eight variables: (1) composition of the specimen;

(2) size and shape of the specimen; (3) temperature of the

air around the specimen; (h) velocity of the air past the

specimen; (5) amount of surface dehydration of the specimen;

(6) relative humidity in the air surrounding the specimen;

(7) initial temperature of the specimen; and (8) final

defrosted temperature of the specimen.

Composition of the specimen. A study of the effect
  

of fat and moisture on the freezing of beef revealed that

beef with a high percentage of water and a low percentage

of fat required more thme to freeze than beef with a lower

percentage of moisture and a higher percentage of fat.

Since it is the water that changes state from liquid to

solid when meat is frozen, it is assumed that more time is

needed to change the state of a larger amount of water

when all other conditions are constant.19

Freezing of meat involves the transfer of heat from

the meat to the surroundings of the meat. It was assumed

that the rate of defrosting might also be influenced by the

composition of the specimen. To obviate this possibility,

ground sirloin butt having a uniform composition of 60.6

 

19

Q. H. Tucker, "The Effect of Fat and Moisture on

the Freezing of Beef" (unpublished Master's thesis,

Michigan State University, East Lansing, 19h3).
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per cent moisture, 13.8 per cent fat, and 25.6 per cent

muscle fiber and connective tissue was used.

The size and shape 9£_the specimen. The rate of
 

defrosting involves a time-temperature relationship. More

time would be required for a specified amount of heat to

penetrate to the center of a larger specimen than for a

smaller one. Therefore it was necessary to adopt a

constant size and shape for all specimens.

Too small a specimen would lead to a short

defrosting time which might cause time measuring errors.

If the specimens are large, an unnecessarily long time is

required to obtain data. Furthermore, it would have been

unnecessarily wasteful to use a very large specimen of

meat.

Preliminary experiments indicated that a size that

met the above requirements satisfactorily was a cylinder

approximately three and one half inches long by three and

one half inches in diameter. A one pint, cylindrical,

fiber ice cream container was found to have these

dimensions. Each container held one pound of ground beef.

Figure 2 shows a container and meat Specimen.



 

FIGURE 2

CONTAINER, COVER, AND MEAT SPECIMEN

WITH THERMOCOUPLE EMBEDDED

18
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Temperature of the air around the specimen.
  

Newton's law of cooling and heating states that the rate

of heat transfer is directly proportional to the difference

in the temperature of the two substances.201f air

temperatures were not held constant the change in rate of

heat transfer would not be due to a change in the air

velocity alone.

In this study, the air temperatures were controlled

between 71 and 72 degrees Fahrenheit and between 81 and 82

degrees Fahrenheit.

Velocity of the air past the specimen. A basic
 

engineering principle states that the main resistance to

heat transfer is found in a relatively stagnant laminar

layer and an adjacent turbulent zone at the fluid solid

interface. As the velocity of the heating fluid is

increased the more it disperses this laminar layer. When

this laminar or insulating layer of air is reduced in

thickness, the temperature difference between the specimen

and the main body of heating fluid becomes greater.21This

greater difference in temperature between the two

hL-n- A

20

Archie G. Worthing, David Halliday, Heat, (New

York: John Wiley and Sons, Inc., lQhB), p. th-EE.

21

S. M. Henderson, R. L. Perry, Agricultural Process

Engineering, (New York: John Wiley and Sons, Inc., 1 ,

pe e
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substances provides for a greater rate of heat transfer as

explained by Newton's law of cooling and heating.

Before collecting data, preliminary tests using

still air, and tests at 100, 300, 500, 700, and 900 feet

per minute were made to determine the air velocities at

which to work.

Air velocities above 600 feet per minute continued

to give an increase in rate of defrosting, but the increase

became less and less with each increment in air velocity.

It was decided to limit the study to air velocities from

still air to 600 feet per minute, since this was the range

where the greatest difference in defrosting time took

place.

Amount of surface dehydration of the specimen. The
 

dry muscle fibers on the surface of a sample form an

insulating layer and impede the transfer of heat from the

air to interior of the meat specimen. It was assumed that

the degree of surface moisture might influence the rate of

heat transfer.

The procurement schedule for the meat used in these

tests was arranged so that it would not remain in frozen

storage more than twenty days and thereby limit the amount

of surface dehydration because of a long storage period.

Another feature of the fiber containers was that

they were plastic lined and formed a more air proof
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container than plain cardboard. It was assumed that the

plastic lined containers helped to reduce the amount of

surface dehydration.

Relative humidity_g§ the air surrounding the
  

specimen. It was suspected before any tests were run that

relative humidity would affect the rate of defrosting. An

attempt was made to control the relative humidity of the

air within the test chamber by placing an open vessel of

water in the test chamber. This was ineffective since

even in the presence of the water, relative humidity varied

between eighteen and one hundred per cent.

The relative humidity in the test chamber was

indicated by a hygrometer as is shown in Figure 3. The

relative humidity was recorded and a rank correlation run

by the Spearman coefficient of correlation.22There was a

positive correlation of .178 when defrosting at 71 to 72

degrees Fahrenheit, and a positive correlation of .h29 at

81 to 82 degrees Fahrenheit.

It appears from these two positive correlations,

even though slight, that meat might tend to defrost faster

at higher relative humidities.
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H. C. Fryer, Elements of Statistics (New York:

John Wiley and Sons, Inc., ICShTT pp. 225-27.



 
FIGURE 3

TEST CHAMBER SHOWING HYGROMETER

AND MEAT SPECIMEN

22
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Spearman's coefficient of correlation is arrived at

by the formula rs=1’§§%§§% . The rates of defrosting at

a given air velocity were given ranks. One for the fastest

rate, two for the next fastest and so on. The relative

humidities for the corresponding rates of defrosting were

ranked in the same manner. One for the highest relative

humidity for a given temperature and air velocity.

D a the difference between these two ranks.

n s the number of times that particular test was performed.

Initial temperature pf the specimen. Referring
  

again to Newton's law of cooling and heating, the rate of

heat transfer is directly proportional to the difference

in temperature of the two substances.23This being the case,

it was necessary to start each test with the same

difference in temperatures. The temperature in the

defrosting chamber was established before each test and

held within one degree Fahrenheit above that temperature

throughout the test.

The meat specimens were kept in a freezer at minus

three degrees Fahrenheit. Timing of the defrosting period

was started when the center temperature of the sample

reached plus two degrees Fahrenheit.

23

Worthing and Halliday, loc. cit.
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Final defrosted temperature g£_the specimen. The
 

 

specimens in all tests were considered defrosted when the

center reached a plus 3h degrees Fahrenheit. This

temperature gave a margin of six degrees above the 28

degrees Fahrenheit where meat is normally considered

defrosted.

Placement 22 the thermocouple. The distance from

the surface of the specimen to the position of the thermo-

couple junction was critical. The accuracy of this

experiment depended upon the accurate determination of the

geometric center of the specimen. To accomplish this, the

mold was half filled with ground beef, the thermocouple

placed through a slot in the side of the container and

centered according to a template. Ground beef was then

placed gently over the thermocouple until the one pound

desired weight was reached. The meat was tamped lightly

to press out any entrapped air.

Summary. Chapter II discusses eight variables

assumed to influence the rate of defrosting meat. They are:

(1) composition of the Specimen; (2) size and shape of the

specimen; (3) temperature of the air around the specimen;

(h) velocity of the air past the specimen; (5) amount of

surface dehydration of the specimen; (6) relative humidity

of the air surrounding the specimen; (7) initial tempera-

ture of the specimen; and, (8) final defrosted temperature
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of the specimen. It was brought out that controls were

put on these factors so that they would be held as constant

as possible allowing only air velocity and air temperature

to be varied.

Also mentioned in Chapter II was the necessity for

accurate placement of the thermocouple at the center of

the specimen to help insure precise recording of the center

temperature during defrosting.



CHAPTER III

APPARATUS AND METHODOLOGY

Chapter III is a discussion of two phases of the

development of this study. They are: (1) description of

the wind tunnel, and (2) discussion of the methodology.

The eight factors discussed in Chapter II made it

necessary to construct apparatus that would hold these

variables constant. To do this a wind tunnel was designed

to provide controlled air velocity and air temperature so

that the meat Specimens could be defrosted at a constant

temperature with a variety of air velocities and at a

constant air velocity at two different air temperatures.

It was necessary to compute the air velocity in the

test chamber. The method for doing this is also shown in

Chapter III. '

A discussion of the testing procedure used in

collecting the data is presented in this chapter.

Thg_wind tunnel. A wind tunnel was designed to

provide independently controlled air temperatures and air

velocities. The system consisted of a blower, defrosting

chamber, air velocity meter, air heating and cooling

devices, assembled into a closed wind tunnel arrangement.

A diagram is shown in Figure h.
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Air was circulated through the system by a 10"

aluminum fan driven by a one half horsepower, 1725 revolu-

tions per minute electric motor. A four step pulley on the

motor shaft with steps of 2", 3", h-l/8" and 5” drove

another four step pulley on the fan shaft with steps of 2",

2-3/h", 3-1/2" and h", and gave a variety of air velocities

up to 900 feet per minute in the defrosting chamber. Air

velocities were further controlled by means of a shutter

in front of the fan.

Figure 5 shows the motor and fan box with the

shutter. The fan box was 12" x 12" x 18". Air is

circulated through the ducts, meter tube, and test chamber

by the electric:motor driven fan.

The air velocity was indicated by a Flofiight air

velocity meter, model MHF, installed in a 12" length of

5—1/2" diameter Plexiglass pipe. Figure 6 shows the air

velocity meter installed in the Plexiglass pipe.



 

 

FIGURE 5

MOTOR, FAN BOX.AND SHUTTER

29



 
FIGURE 6

AIR VELOCITY METER IN PLBXIGLASS PIPE

30
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The test chamber consisted of a conduit 10" in

diameter and 30.5" long, cut lengthwise and hinged at the

back for easy access to the test specimen. Figure 3,

page 22, shows the test chamber open with a Specimen in

place.

Computing air velocity in_tg§£_chamber. Since the

diameter of the test chamber was greater than the Plexi-

glass pipe, it was necessary to determine mathematically

the air velocity around the specimen in the test chamber.

A constant of 2.9008 was multiplied by the desired test

chamber air velocity to determine what the reading should

be on the air velocity meter. The constant was determined

by the following method.

Calculation tg_determine air velocity.
  

Area A : 5-1/2" diameter meter pipe : 23.7583 sq. in.

Area B : 10" diameter test chamber : 7851;00 sq. in.

Area C a 3-1/2" diameter test specimen : 9.6212 sq. in.

Area D : Area of annular ring around test specimen.

Area D : B - C = 68.9188 sq. in.

Velocity E : velocity in meter pipe in feet per minute.

Velocity F s velocity in annular ring in feet per’minute.

velocity E X‘2Velocity F A
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Velocity F (feet perrminute) :

 

68.9183 sq! in. )

velocity E (feet POP minute x 23.7533 sq, in.

Velocity F (feet per minute) :

velocity E (feet per minute x 2.9008)

Test Chamber

7' _L Meter Pipe // »‘ -aArea D

E \. Area A ?/ ‘/\) F

K¥W
‘“‘\\::::Area C '““’

Area D
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TABLE I

AIR VELOCITIES IN WIND TUNNEL

 

 

Velocity F Velocity E
 

0 feet per minute

100 x 2.9008 = 290.08

200 580.16

300 870.2h

hOO 1160.32

500 1&50.u0

600 17u0.h8

700 2030.56

300 2320.6h

900 2610.72

 

Temperature control. The temperature in the test
 

chamber was indicated by a thermometer. The temperature of

the air in the conduits was reduced by putting ice in bins

on the conduits. The temperature was increased by heating

the conduits with a Bunsen burner. The Bunsen burner and

an ice bin are shown in Figures 7 and 8 respectively.



 

FIGURE 7

BUNSEN BURNER ARRANGEMENT FOR

AIR TEMPERATURE CONTROL

31+



 

FIGURE 8

ICE BIN ARRANGEMENT FOR

AIR TEMPERATURE CONTROL

3S
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The temperature at the center of the specimen was

recorded on a six lead Brown Electronik Recorder'model

number 153 x 62P6-x-l6 shown in Figure 9.

r

P

.-

.-

.-

.-

.-

.-

.-

.-

.-

 

FIGURE 9

BROWN ELECTRONIK RECORDER
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The wind tunnel system.with recorder is shown, as

it appeared in operation, in Figure 10.

 

FIGURE 10

COMPLETE'WIND TUNNEL SYSTEM

IN OPERATION
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Number 2£_replication§ of each test. The proper
  

number of replications for a given case depends on the

desired accuracy of the results, the uniformity of the

material under study, and the precision of the technique

of observation.2

An electric clock with a sweep second hand readable

to within one quarter minute was used to time each

defrosting period.

The temperature recorder was checked periodically

with a slush ice mixture known to be 32 degrees Fahrenheit

to give assurance that it was functioning properly.

The desired air velocity was established in the wind

tunnel before each test. The air velocity meter was

observed periodically to make sure that the air velocity

remained constant.

The desired air temperature was also established in

the test chamber prior to running a test. A thermometer

in the test chamber indicated the air temperature and was

observed frequently in order to maintain a constant temper-

ature within the desired one degree limit.

It was decided that two replications of each test

would give the desired degree of accuracy. In some

instances the difference in rate of defrosting caused some

23

E. Bright Wilson, Jr., An Introduction to

Scientific Research, (New York: HEGranHill Book—Cempany,

nc.. ). p. EB.
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question as to the accuracy of the results, and in these

instances further replications were run until the doubt

about the results was eliminated. The testing at h00 feet

per minute in air of 81 to 82 degrees Fahrenheit is an

example of this.

Testing procedure. Before making a test, the proper
 

air temperature and air velocity were established in the

defrosting chamber. A ground beef specimen was then placed

on a cheese cloth sling in the defrosting chamber and the

specimen's thermocouple connected to the recording poten-

tiometer. The time was noted when the temperature at the

center of the specimen arrived at-F2.0 degrees Fahrenheit.

One complete defrosting test was recorded for each set of

defrosting conditions. For the replications of a given

test, the starting time was recorded and periodic checks

taken during the defrosting period. The recorder*was

'allowed to run continuously when the center temperature

approached~+3h degrees Fahrenheit so the ending time could

be recorded accurately when the specimen reached-+3h

degrees Fahrenheit.

The Shortest time in which the defrosting was done

was 2.61 hours and the longest was h.65 hours.

Complete time-temperature graphs, which appear in

Figure ll for tests at 71 to 72 degrees Fahrenheit and

Figure 12 for the tests at 81 to 82 degrees Fahrenheit,
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show the characteristic defrosting curve for defrosting

the one pound specimens at the selected air velocities.

Summary. Chapter III contains a description of the

wind tunnel which was designed to control the factors which

affect the rate of defrosting the ground beef specimens.

It was necessary to compute the air velocity for

the test chamber from the air flow meter reading in a

Plexiglass pipe of smaller diameter than the test chamber.

A constant of 2.9008 was determined and the desired test

chamber air velocity was multiplied by the constant to

determine the proper reading on the meter.

The testing procedure is explained at the end of

Chapter III.



CHAPTER IV

DATA AND DISCUSSION OF RESUHTS

The last section of Chapter III contained a

description of the testing apparatus and the procedure for

making the tests and recording the data. The data

collected were in terms of a rate of defrosting in order

that it could be easily determined whether higher air

velocities do cause an increase in the rate of defrosting.

The data are now presented and analyzed in an effort to

determine whether the defrosting rate is effected by moving

air.

The two defrosting temperature ranges, as mentioned

before, were from 71 to 72 degrees Fahrenheit and from 81

to 82 degrees Fahrenheit, and will be referred to in this

chapter as defrosting at 71 degrees Fahrenheit and 81

degrees Fahrenheit.

The data presented in the first part of this chapter

show the time-temperature relationship at the center of the

specimen during defrosting at 71 degrees Fahrenheit for

still air and air velocities of 100 to 600 feet per minute

by 100 feet per minute increments. The defrosting rates of

all tests and replications are presented in Table II. The

arithmetic averages of the defrosting rates for the tests

and replications for a given set of conditions were

computed to give the information needed to determine
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whether higher air velocities increase the rate of

defrosting. Besides defrosting rates the data was also

gathered in terms of total time required to defrost a

specimen. The average defrosting times are presented in

Table IV which includes a column showing the decrease in

defrosting time at a given air velocity from the preceding

air velocity.

The data gathered during the 81 degree Fahrenheit

tests and replications are presented and analyzed in the

same manner as the 71 degree data. First the time-tempera-

ture relationship at the center of the specimen during

defrosting is presented, then the rate of defrosting for

all tests and replications, the average rates of defrosting,

and the average defrosting times in minutes.

To determine whether an excessive amount of moisture

would be lost by forced convection defrosting a record was

kept of’the moisture lost during the defrosting of the

specimens. The relationship between moisture loss and air

velocity during defrosting is presented at the end of this

chapter.
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DEFROSTING-AT 71 DEGREES FAHRENHEIT

Egggytemperature relationship. The time-temperature

relationship at the center of a defrosting meat specimen

produces an S-shaped curve when plotted on a graph. This

S-shaped curve is due to the additional heat needed to

change ice to water, and can be explained by the following:

The temperature of ice below 32 degrees Fahrenheit freezing

temperature, when placed where the surrounding temperature

is above freezing temperature, tends to rise fairly rapidly

to the point where the ice changes to the liquid state.

The temperature change rate slows during the time the

change of state is taking place and then speeds up after

the liquid state is reached.2 The change of state of the

water in beef occurs between 25 and 28 degrees Fahrenheit,

depending upon the salts present in the meat, and it is

between 25 and 28 degrees Fahrenheit where a slightly

flatter spot in the temperature rise curve occurs.

Typical defrosting curves. Figure 11 shows in

graphic form the temperature rise rate of one pound ground

beef specimens defrosted at 71 degrees Fahrenheit.

Temperature in degrees Fahrenheit from 0 to*+3h.0 is shown

shown on the vertical axis. Time in minutes from.0 to 280

 

2h

Harvey E. White, Modern College Physics, (New York:

D. Van Nostrand Company, Inc., 1953), pp. 275. 276.
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is shown on the horizontal axis. Seven air velocities

from still air to 600 feet per minute by 100 feet per

minute increments are plotted.

These curves are presented here to Show typical

defrosting curves for one pound ground beef Specimens

defrosted at the air velocities used in these tests. The

defrosting curves also show the increase in defrosting rate

when defrosting in moving air when compared with defrosting

in still air. These curves are specifically for ground

beef defrosted under the conditions of this study, but

defrosting curves for all meats are similar.

Complete curves are plotted for specimens defrosting

in still air and at an air velocity of 600 f.p.m. Partial

curves are platted for air velocities from 100 f.p.m. to

500 f.p.m. and from the 170 minute time lapse point to the

time when the specimen temperature is 3h degrees Fahrenheit.

The five curves as plotted on the graph were between the

still air test curve and the 600 f.p.m. test curve. At

the time lapse point of 170 minutes the still air curve and

the 600 f.p.m. curve were separated by only three degrees,

and to plot all the curves in this space would be confusing.

The right hand curve labeled "S" represents thirty

temperature readings of the specimen taken at ten minute

intervals in still air. A smooth curve was drawn from the

start of the test at~+2 degrees Fahrenheit to the +3h

degrees Fahrenheit point using the intermediate points as
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guides. The time-temperature relationship for defrosting

in still air at air temperature of 71 degrees Fahrenheit

is shown by the curve labeled "S".

The curve labeled "6" at the left was constructed

by plotting 20 temperature readings at ten minute intervals

from+2 to +314 degrees Fahrenheit. At +31; degrees

Fahrenheit the ground beef was thoroughly thawed and

uniformly workable .

Curves "S" and "6" do not go through all points

which were used to determine the lines. Undetermined

irregularities in the specimen or defrosting procedure

probably prevented some of the points from falling on a

smooth curve, and would perhaps be eliminated by additional

replications.

Analysis of the data indicates that the ground beef

Specimen defrosted in still air took 279.143 minutes to

defrost. The largest decrease in defrosting time in still

air conditions was [9.18 minutes which occurred with air

Velocity of 100 f.p.m. Defrosting with air velocities of

300 and 300 f.p.m. gave decreases of 18.25 minutes and

16-88 minutes respectively, which were the second and third

largest decreases in defrosting time.

The time differentials between the LL00, 500, and

6":30 f.p.m. tests were much less than the time differentials

between the still air, 100, 200, 300 and uoo f.p.m. tests.
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The shapes of all the curves were similar. There

was a rapid temperature rise to 23 degrees Fahrenheit where

the temperature rise rate slowed due to the change of state

of the water in the meat. After all the ice melted at 28

degrees Fahrenheit the temperature rise rate increased

again.

The rates of defrosting for all specimens at
 

1_1_ degrees Fahrenheit. The defrosting rates for all

specimens at 71 degrees Fahrenheit are recorded in Table II.

One defrosting test was made at each air velocity, and at

least two replications of each test were made. For some

tests more replications were made to verify the results

already obtained. It is apparent in Table II that the

defrosting rate increased when done under conditions of

higher air velocity. The increase in defrosting rate

becomes more noticeable when the arithmetic averages of

the tests for each selected air velocity are determined.

The arithmetic averages of the defrosting tests at

8elected air velocities are shown in Table III. The

average rate of defrosting for the replications under still

i11- conditions was 0.11LL6 degrees Fahrenheit per minute.

The average rate of defrosting all replications in an air

Velocity of 100 f.p.m. was 0.1356 degrees Fahrenheit per

"unute. The rate of defrosting increased 0.0210 degrees

F'al’lrenheit per minute at an air velocity of 100 f.p.m.
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compared to still air conditions. The increase of 0.0210

degrees Fahrenheit per'minute in defrosting rate obtained

by increasing the flow of air from still air conditions to

100 f.p.m. was the largest differential occurring between

any two tests. The second largest differential in

defrosting rate occurred when the air velocity of 100 f.p.m.

was increased to 200 f.p.m. The average rate of defrosting

at 200 f.p.m. was 0.1511 degrees Fahrenheit per'minute.

When compared with the preceding air velocity, the rate of

defrosting at 200 f.p.m. was 0.0155 degrees Fahrenheit per

minute faster. The defrosting rates continue to increase

at a diminishing degree until the rate for defrosting under

air velocity of 600 f.p.m. conditions was reached. The

defrosting rate under.maximum.air velocity conditions of

600 f.p.me was 0.1787 degrees Fahrenheit per minute. The

total increase in rate of defrosting specimens under still

air conditions compared to those defrosted in an air

velocity of 600 f.p.m. was 0.0606 degrees Fahrenheit per

minute. I

Number of minutes needed to defrost specimens. By
 

changing the defrosting rates from degrees Fahrenheit per

minute to the number of minutes necessary to change the

temperature of the ground beef specimen from'r2 degrees

Fahrenheit to +3h degrees Fahrenheit, the results can be

presented in a form which is perhaps more readily
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understood. Table IV shows the average number of.minutes

necessary to defrost the ground beef specimens under the

seven selected air velocities in an air temperature of 71

degrees Fahrenheit. The average defrosting time for all

specimens defrosted in still air was 279.h3 minutes. The

average defrosting time for all specimens defrosted in an

air velocity of 100 f.p.m. was 230.25 minutes. The

decrease of A9.18 minutes in defrosting time between still

air tests and 100 f.p.m. tests is the largest time decrease

between any two tests. The average defrosting time for

all specimens defrosted under air velocity conditions of

200 f.p.m. was 212.0 minutes, which is 18.25 minutes faster

than defrosting at the previous air velocity and the

second largest time differential between two tests. The

defrosting times continued to diminish at a decreasing rate.

The average defrosting time at 600 f.p.m., the highest air

velocity used, was 183.80 minutes. Defrosting at 600 f.p.m.

took an average of 96.03 minutes less than did defrosting

in still air.

In summary the data presented in this section shows

that the rate of defrosting was increased when the meat

specimens were defrosted in higher air velocities. The

rate differentials between the defrosting tests at various

air velocities were as follows: (1) the largest rate

differential was between the still air tests and the
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100 f.p.m. tests, (2) the second largest rate differential

was between the 100 f.p.m. tests and the 200 f.p.m. tests,

(3) the rate differentials between tests continued to

decrease as air velocities were increased.

DEFROSTING AT 81 DEGREES FAHREIIHEIT

The data from the defrosting tests done at 81

degrees Fahrenheit was recorded in the same manner as the

data from the 71 degree Fahrenheit tests. The typical

defrosting curves are presented followed by the rates of

defrosting for all specimens tested. The arithmetic

averages of all the tests under like conditions follow the

rates for all tests and show how much the rate of

defrosting is increased for a specific air velocity. The

average rates of defrosting were converted to minutes and

this is shown following the average rates.

Typical defrosting 32512. Figure 12 shows in

graphic fans the temperature rise rate for the samples

defrosted at various air velocities in a chamber where the

air is 81 degrees Fahrenheit.

Temperature in degrees Fahrenheit from 0 to-f35.0

is charted on the vertical axis. Time in minutes from 0

to 220 is charted on the horizontal axis. Representative

defrosting curves for defrosting in still air and in air

:moving at a velocity of 600 f.p.me were plotted
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according to temperature readings recorded at 10 minute

intervals.

Partial (or incomplete) curves for’the air

velocities from 100 f.p.m. to 500 f.p.me were drawn from

the 1&0 minute reading to the end of the defrosting period.

The portions of the curves at readings less than lhO

minutes lapse time would have been plotted between the

still air curve and the 600 f.p.m. curve. Since the

temperature range at the lhO minute mark was only 1.75

degrees Fahrenheit, only partial curves of the five air

velocities were plotted to make the graph more legible.

Temperature rise in the specimen defrosted in still

air was fairly rapid to 23 degrees Fahrenheit per minute.

From the 23 degree temperature to the 28 degree temperature,

the rate of temperature rise was slower, and from 28

degrees up to 3h degrees Fahrenheit, the rate of tempera-

ture rise once again increased. Twenty-two temperature

readings taken at ten.minute intervals were recorded to

provide the data for plotting the time-temperature curve

for the specimen defrosted in still air; The total time

required for the specimen to defrost in 81 degrees

JFahrenheit in still air was 202.62 minutes.

Seventeen temperature readings from-r2 t01+3h

Idegrees Fahrenheit at ten minute intervals produced the

'dats needed to plot the curve for the specimen defrosted

:in an air velocity of 600 f.p.m. The curve labeled ”6”
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indicates a rapid temperature rise rate to 23 degrees

Fahrenheit, a slower temperature rise rate to 28 degrees

Fahrenheit, and above 28 degrees Fahrenheit the temperature

rise rate once again increases. The total time required

to defrost a specimen in air'moving at a velocity of

600 f.p.me at an air temperature of 81 degrees Fahrenheit

was 157.66 minutes.

An analysis of the data reveals that the largest

decrease in defrosting time, 19.22 minutes, occurred when

the air velocity was increased from still air conditions to

an air velocity of 100 f.p.m. The second largest decrease

in defrosting tine occurred with the air velocity of

200 f.p.m. This decrease from.the time needed to defrost

at 100 f.p.m. was 13.57 minutes. The decrease in defrost-

ing times do not continue in regular progression from the

200 f.p.m. test to the 600 f.p.m. test. However, it is

believed that a regular progression would have occurred if

more replications had been made.

222 53323 of defrosting £93 all specimens 23 81.

degreesFahrenheit. The data from the original tests at 81

degrees Fahrenheit and all replications of those tests

appear in the form of defrosting rates in Table V. The

data in Table IV show that the original test and at least

two replications were made for all air velocities. In

still air three replications were made, and in an air



T
A
B
L
E

V

E
M
T
E
B
>
0
F
D
E
F
R
O
S
T
I
N
G

A
T

V
A
R
I
O
U
S
.
A
I
R

V
E
L
O
C
I
T
I
E
S

I
N
A
N
A
I
R
T
E
M
P
E
R
A
T
U
R
E

O
F

8
1
D
E
G
R
E
E
S

F
A
H
R
E
N
H
E
I
T

R
a
t
e
s

o
f
D
e
f
r
o
s
t
i
n
g

 

A
i
r

R
e
p
l
f
-

R
e
p
l
i
-

R
e
p
l
i
-

*
R
e
p
l
i
-

v
e
l
o
c
i
t
y

c
a
t
i
o
n

c
a
t
i
o
n

c
a
t
i
o
n

c
a
t
i
o
n

f
.
p
.
n
.

T
e
s
t

1
2

3
h

R
e
p
I
I
-

c
a
t
i
o
n

K
i
p
l
i
-

c
a
t
i
o
n

 

S
t
i
l
l

a
i
r

0
.
1
5
5
3

0
.
1
5
1
0

0
.
1
6
0
0

0
.
1
6
2
3

1
0
0

0
.
1
7
9
3

0
.
1
6
h
7

2
0
0

0
.
1
9
1
0

0
.
1
9
h
5

3
0
0

0
.
1
8
8
2

0
.
1
9
3
0

0
.
2
0
0
6

0
.
1
9
8
1

0
.
2
0
3
1

0
.
1
8
0
2

0
.
1
8
0
2

0
.
1
8
6
3

h
O
O

0
.
2
0
2
5

5
0
0

0
.
2
1
h
0

6
0
0

0
.
2
0
7
7

0
.
2
1
1
9

0
.
1
8
5
5

0
.
1
9
8
1

0
.
2
0
7
7

0
.
1
7
7
2

 
 

 
 

 
 0

.
1
9
1
0

 0
.
1
9
5
h

 

S7



58

velocity of hOO f.p.m., six replications were made. The

number of replications run at the various velocities were

increased when unknown variables caused part of the test

results to be inaccurate.

An analysis of the data presented in Table V

indicated a general increase in the rate of defrosting when

the tests were run at a higher air velocity.

The arithmetic average rates of defrosting of the

tests and replications done at the same air velocities

appear in Table VI. Here it can be seen clearly that the

rate of defrosting does increase when the specimen is

defrosted in air moving at a higher velocity. The average

rate of defrosting for the specimens defrosted in still air

was 0.1580 degrees Fahrenheit per'minute. The average rate

of defrosting for the specimens defrosted in the maximum

air velocity of 600 f.p.m. was 0.2029 degrees Fahrenheit

‘per minute. The difference between the rate of defrosting

in still air and the rate of defrosting at the maximum air

velocity of 600 f.p.m., in an air temperature of 81 degrees

Fahrenheit, was 0.0hh9 degrees Fahrenheit per minute.

A comparison of the rates of defrosting at the

selected air velocities with the preceding rate indicates

that the largest increase in rate of defrosting occurred

between still air conditions and an air velocity of

100 f.p.m. The increase in rate of defrosting at an air
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velocity of 100 f.p.m. was 0.0167 degrees Fahrenheit per

minute faster than defrosting in still air.

Defrosting in air velocity of 200 f.p.m. gave an

increase in rate of defrosting of 0.0105 degrees Fahrenheit

per minute over the rate for defrosting in an air velocity

of 100 f.p.m. The difference between the 100 f.p.m. rate

and the 200 f.p.m. rate was the second largest rate

increase in the 81 degree Fahrenheit tests.

The data obtained in the 200 f.p.m. tests and sub-

sequent tests to a maximum velocityof 600 f.p.m. show that

the rate of defrosting continues to increase, but by

smaller increments and not in regular progression. More

replications of the tests, if run, possibly would have

indicated a regular progression in the increase in rates

of defrosting.

 

81 degrees Fahrenheit. The rates of defrosting presented
 

in.Table V were converted to average defrosting times in

mdnutes. The average defrosting times appearing in Table

VI are to the right of the column which indicated the air

'velocity,and the decrease in defrosting time from the

Frreceding air velocity appear at the right of the average

defrosting times.

The average defrosting time for the specimens

defrosted in still air at an air temperature of 81 degrees
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Fahrenheit was 202.62 minutes. The average defrosting time

for the specimens defrosted in an air velocity of 600 f.p.m.

was 157.66. The decrease in defrosting time between still

air and an air velocity of 600 f.p.m. was hh.96 minutes,

as can be seen in Table VII.

The data in Table VII also show that the largest

difference in defrosting time occurred in the test

specimens defrosted in an air velocity of 100 f.p.m.

compared to the still air tests. The average difference

was 19.22 minutes. The second largest difference in

defrosting time came with an air velocity of 200 f.p.m.

compared with the defrosting time for tests at 100 f.p.m.

The difference between 100 f.p.m. and 200 f.p.m. air

velocity tests was 13.57 minutes.

The decrease in defrosting times beyond the 200.fJLl.

tests do not follow a regular progression.

The data collected when defrosting ground beef

specimens in air of 81 degrees Fahrenheit per'minute at

selected air velocities show that the defrosting rate

increases when defrosted under higher air velocity con-

ditions.

An analysis of the data also shows that the rate

differentials between the defrosting tests at various air

velocities were as follows: (1) the largest rate differ-

ential was between the still air tests and the 100 f.p.m.
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tests, (2) the second largest rate differential was between

the 100 f.p.ms tests and the 200 f.p.m. tests, (3) the

rate differentials between tests continued to decrease as

air velocities were increased.

COMPARING RATES OF DEFROSTING AT 71 DEGREES FAHRENHEIT

TO THE RATES OF DEFROSTING AT 81 DEGREES FAHRENHEIT

Before the defrosting tests were run it was thought

that the effects of moving air past a defrosting specimen

would probably be the same at different air temperatures.

In order to determine whether the effects of moving air

were the same, two defrosting temperatures were used. For

comparison purposes, graphs and tables will present both

the rates of defrosting in degrees Fahrenheit change per

minute and nwmber of minutes required for a 32 degree

Fahrenheit temperature change. The data from the two

defrosting temperatures are compared to see if the effects

of moving air are the same.

The defrosting curve when defrosting at either 71

degrees Fahrenheit or at 81 degrees Fahrenheit conforms to

the same general shape. A rapid rise in the curve occurs

to 23 degrees Fahrenheit, then a slower rise in the curve

to 3h degrees Fahrenheit. The most noticeable difference

in the two curves is that at higher temperatures the

specimens defrosted in a shorter period of time than did
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the specimens defrosted at the corresponding air velocity

at the lower temperature.

A noticeable similarity between the two defrosting

temperatures is that the largest and next largest differ-

entials in defrosting times come between the 100 f.p.m.

tests and 200 f.p.m. tests respectively. The data

supporting this statement are presented in Tables IV and VII.

Table VIII shows the average rates of defrosting for

all air velocities at the two selected temperatures as also

seen in Tables III and VI. The fourth column shows the

difference in defrosting times when air temperature was

increased from 71 degrees Fahrenheit to 81 degrees

Fahrenheit. The difference in rate of defrosting due to

increased temperature of 10 degrees Fahrenheit in still air

was 0.0h3h degrees Fahrenheit per minute. The difference

in rate of defrosting at 100 f.p.m. was 0.0391 degrees

Fahrenheitper minute. The difference in rate of defrosting

at 200 f.p.m. was 0.3hl degrees Fahrenheit per minute.

From.the 300 f.p.m. tests through the 600 f.p.m, tests, the

difference between the high and low temperature rates of

defrosting varied from 0.02h2 to 0.0270 degrees Fahrenheit

per'minute. The higher temperature always produced the

higher rate of defrosting which was expected to happen

when defrosting was done at higher temperatures.
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The graph in Figure 13 shows the defrosting rates

for the two air temperatures plotted as curves. The

vertical axis on this graph is assigned temperature change

values per minute from 0.090 to 0.210 degrees Fahrenheit

per minute. The horizontal axis is used to show air

velocity in feet per minute.

Curve A represents the defrosting rates at 71 degrees

Fahrenheit for the various air velocities and Curve B

represents the defrosting rates at 81 degrees Fahrenheit

for the various air velocities.

It can be seen that the curves are converging

slightly from the still air tests to the 300 f.p.m. tests,

and from the 300 f.p.m. to 600 f.p.m. the curves run ahnost

an equal distance apart. By changing the rates of

defrosting to time in minutes, it is easy to see that by

raising the temperature ten degrees Fahrenheit and holding

the air velocity constant defrosting can be accomplished

in 2h.5 minutes less at 600 f.p.m. to 76.8 minutes less

when the defrosting is done in still air.

Figure 1h is the information in Table IX plotted in

graphic form. Time in minutes appears on the vertical axis

and air velocity in feet per minute appears on the

horizontal axis. Curve A represents the tests defrosted at

71 degrees Fahrenheit, and is the upper curve because all

tests at this temperature took longer to defrost than did
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the tests at 81 degrees Fahrenheit and the corresponding

air velocity. The 81 degree Fahrenheit tests appear in

Curve B.

Curves A and B converge slightly from the still air

tests to the tests at 300 f.p.m. From 300 f.p.m. to

600 f.p.m. the curves run almost parallel.

OPTIMUM AIR VELOCITY

By observation of the two curves in Figure 13 it

can be seen that the rate of defrosting increases a greater

amount for a given increase in air velocity below 350 or

u00 f.p.m. air velocity than it does above this range of

air velocity. It appears from this graph that an optimum

air velocity could be placed between 350 and too f.p.m.

MOISTURE LOSS DURING DEFROSTING

Moisture loss in defrosted.meats is an important

consideration to a food service operator, and a method of

defrosting which increases moisture loss would be difficult

to justify. All specimens were weighed before and after

defrosting to determine the percentage of moisture lost

during defrosting. The difference in weight of the

specbmens was considered to be a change in the amount of

25

moisture in the specimen.

It was learned in a discussion with Mildred Jones,

Dept. of Foods and Nutrition, Michigan State University,

that wei ht loss in a piece of meat not altered mechanically

is consi ered to be moisture loss.
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71

A variation in moisture loss from.test to test

occurred perhaps because the relative humidity in the test

chamber was not constant. However, the data collected did

show a trend toward greater moisture loss with increased

air velocities. The trend was apparent when defrosting

both at 71 and 81 degrees Fahrenheit.

Percentage of moisture loss for all specimens

defrosted at 71 degrees is shown in Table X. Two of the

specimens defrosted in still air gained slightly under one

per cent moisture, but all other specimens lost moisture.

The far right hand column of Table X shows the average per

cent moisture loss for the specimens defrosted at the

various air velocities. The average moisture loss when

defrosting in still air at 71 degrees Fahrenheit was 0.0025

per cent which was the lowest per cent moisture loss for

any 71 degree Fahrenheit test. The highest average moisture

loss for all of the tests at 71 degrees Fahrenheit and

600 f.p.m. was 3.3225 per cent.

Table XI shows the per cent of moisture loss from

all specimens defrosted at 81 degrees Fahrenheit. In

Table XI as in Table X, the far right hand column shows the

average per cent moisture loss for the specimens defrosted

at the various air velocities.
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711

The average moisture change when defrosting in still

air at 81 degrees Fahrenheit was 0.583 per cent increase.

Moisture was lost when defrosting at all other air

velocities. The largest loss of h.26 per cent moisture was

for the specimens defrosted at 600 f.p.m.

The moisture losses are presented graphically in

Figure 15 for the 71 degree Fahrenheit tests, and Figure 16

for the 81 degree Fahrenheit tests. On both graphs the

per cent of moisture change is shown on the vertical axis

and air velocity in feet per minute is shown on the

horizontal axis. A trend line drawn on each graph presents

the relationship of moisture change percentages plotted

against air velocity. The trend is toward more moisture

loss at higher air velocities and more moisture loss when

defrosting is done at 81 degrees Fahrenheit than when the

defrosting is done at 71 degrees Fahrenheit. The moisture

loss curve in Figure 16 starts to level off at about

500 f.p.m. where the moisture loss curve in Figure 15

continues nearly straight for its full length. More testimg

at air velocities above 600 f.p.m. would be needed to

establish whether the moisture loss curve does start to

level off at the higher air velocities, or if it would

continue straight.
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SUMMARY

The influence of forced convection on the rate of

defrosting ground beef has been analyzed in this chapter

by averaging the rates of defrosting of all replications

at given air velocities and temperatures, and it was

determined that at both 71 and 81 degrees Fahrenheit the

rate of defrosting was increased by defrosting at a higher

air velocity. It was also determined that the rate of

defrosting was increased when the ground beef specimens

were defrosted at 81 degrees Fahrenheit from the rate of

defrosting obtained when defrosting at 71 degrees

Fahrenheit.

An optimum air velocity was determined by observa-

tion of the rate of defrosting curves plotted on a graph.

The optimum air velocity was placed between 350 and

h00 f.p.m.

Chapter IV concluded with an analysis of the

moisture loss at the two defrosting temperatures and seven

air velocities. Moisture loss was found to be greater at

higher temperatures and higher air velocities.



CHAPTER V

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

SUMMARY

The purpose of this study was to determine the

effect of air velocity on the rate of defrosting ground

beef. The purpose was broken down into three objectives:

(1) to determine the effect of different air velocities at

a given temperature on the rate of defrosting ground beef;

(2) to determine the effect of a different air temperature

at a given air velocity on the rate of defrosting ground

beef; (3) to determine an optimum air velocity, within the

air velocities studied, if the rate of defrosting is found

to be influenced by air velocity.

Chapter II contained a review of background

literature covering the three methods of heat transfer,

conduction, convection and radiation, and also references

giving information about the insulating layer of air

surrounding a solid and forming a barrier to heat transfer.

A search made for literature about defrosting meat

revealed little information on the subject.

Chapter II also discussed the factors which affect

the rate of defrosting meat. The factors are: (1) compo-

sition of the specimen; (2) size and shape of the specimen;

(3) temperature of the air surrounding the specimen;
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(h) velocity of the air past the specimen; (5) amount of

surface dehydration of the specimen; (6) relative humidity

of the air surrounding the specimen; (7) initial tempera-

ture of the specimen; and (8) final defrosted temperature

of the specimen.

The testing apparatus and methodology of collecting

data discussed in Chapter III were designed to hold the

factors affecting the rats of defrosting as constant as

possible.

In Chapter IV representative defrosting curves were

presented to show the time-temperature relationship during

the defrosting of a ground beef specimen at the selected

air velocities.

The defrosting data were presented in two ways:

(1) as rates of defrosting having the dimensions of degrees

Fahrenheit change per minute, and (2) defrosting time in

minutes that it took the temperature at the center of the

specimen to go from+2 degrees Fahrenheit to +31; degrees

Fahrenheit.

The data gathered at the two defrosting temperatures

of 71 and 81 degrees Fahrenheit were compared to determine

the effects of the different air temperatures at the same

air velocities on the rate of defrosting ground beef.

A record was kept of the moisture loss from.the meat

specimens during defrosting at the different temperatures
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and air velocities to help determine the practicality of

defrosting by the forced convection method at 71 and 81

degrees Fahrenheit.

CONCLUSIONS

A study of the defrosting rates of one pound ground

beef specimens at selected air velocities and air tempera-

tures has borne out the hypotheses used in making this

study. The conclusions derived from this study are:

1. The first hypothesis, that forced convection

does increase the rate of defrosting frozen ground beef,

was found to be true. The largest differential in rate of

defrosting between any two sequential air velocities, using

velocities varying from still air to 600 f.p.m. by 100 faxnu

increments, was found between the velocities of still air

and 100 f.p.m. The second largest rate differential was

found between 100 and 200 f.p.m. air velocities. The rate

differentials continued to diminish as air velocities were

increased, but not in regular progression.

2. The second hypothesis, that higher temperatures

of the air surrounding the meat increases the rate of

defrosting, was also found to be true.

3. The third hypothesis was to determine an optimum

air velocity within the air velocities studied. An optimum

air velocity might be placed by observation between 350 to

hOO f.p.m. Air velocities above hOO f.p.m. produced a
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slower rate of rise in the rate of defrosting than did the

air velocities up to this general air velocity level.

It was not a primary purpose of this study to

determine the percentage of moisture lost frmm the ground

beef specimens during defrosting. However the specimens

were weighed before and after defrosting and a record was

kept of this information.

It appears from the data gathered that both higher

air velocity and higher air temperatures tend to increase

the moisture loss from the defrosting specimen.

RECOMMENDATIONS

While the defrosting tests were being conducted,

several additional tests were conceived which might yield

valuable information on the defrosting of frozen meats.

Some work was done with the data from these tests

to determine whether or not relative humidity influenced

the rate of defrosting. However, the information was very

limited so no valid conclusions could be drawn. The

limited data indicate that increased relative humidity

increases the rate of defrosting. It is recommended that

a study be designed to obtain.more information on the effect

of relative humidity on the rate of defrosting.

Recent developments in plastic packaging indicate

the possibility of defrosting packaged.meat as fast or

faster than uncovered meat without the loss of moisture
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which accompanies the defrosting of uncovered meats under

forced convection conditions. It is recommended that

defrosting tests be designed to determine the rate of

defrosting plastic wrapped meats.

The conclusions reached in this study apply only to

the conditions used in these tests. It is recommended that

further tests be conducted using temperatures higher than

81 degrees Fahrenheit, but below cooking temperatures, and

below 71 degrees Fahrenheit, but not below the normal

refrigerator storage temperature for meat of 38 degrees

Fahrenheit. Also tests of air velocities above the

600 f.p.mm maximum.used in these tests would contribute to

defrosting information.

It is recommended that a study be made on the

feasibility of developing a forced convection defrosting

device for commercial use. There is also the possibility

of adapting existing equipment, such as forced convection

ovens or a refrigerator with an additional air circulating

system, for the purpose of defrosting in shorter periods

of time than is possible by defrosting in still air.

One aspect of defrosting at temperatures above no or

us degrees Fahrenheit is that of bacteria growth in the

meat. No attempt was made to measure the bacteria growth

in these tests and it is, therefore, recommended that

similar tests be conducted with the purpose of determining

whether or not the meat becmmes dangerously contaminated.
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