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7Unit 1 1 Fungiamentals of Rgfrigg@!i_gn il

Unit 1
Fundamentals of Refrigeration

By studying this unit, you will be able to:

1. Describe the early development of refrigeration and its main applications.

2. Discuss the basic physical, chemical, and engineering principles which apply to re-
frigeration.

Explain how cold preserves food.

Compare Fahrenheit, Celsius, Kelvin, and Rankine temperature scales.

Use temperature conversion formulas to convert from one temperature scale to another.

Discuss the differences between sensible heat and latent heat.

Nl

Describe the basic operation of a refrigerator.

Text 1: The Development of Refrigeration

Reading material A:  Cryogenics

Reading material B:  Frozen Foods

Reading material C:  Air Conditioning

Reading material D:  How a Mechanical Refrigerator Operates
Text 2: Temperature and Temperature Measurements

Reading material A: - Thermometer Scales

Reading material B:  Heat Transfer
Text 3: Pressure

Reading material A:  Pressure Gages and Absolute Pressure

Reading material B:  Pressure and Temperature Relationship
Text 4: Sensible Heat, Specific Heat and Latent Heat

.Reading material A:  Elementary Refrigerator

Reading material B:  Mechanical Refrigerating System

Hi—
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Text 1
The Development of Refrigeration

Modern refrigeration has many applications. The first, and probably still the most impor-
tant, '‘is the preservation of food, e.g. frozen foods and chilled foods. .

Other important uses of refrigeration include air conditioning, beverage cooling, and hu-
midity control. Many manufacturing processes also use refrigeration, e. g. gas separation.

Early refrigeration was obtained by use of ice. Ice from lakes and ponds was cut and stored
in the winter in insulated storerooms for summer use. Most evidence indicates the Chinese were
the first to store nature ice and snow to cool wine and other delicacies. Evidence has been found
that ice cellars were used as early as 1000 B. C. in China. ?!

Ice was first made artificially about 1820 as an experiment. Not until 1834 did artificial
ice manufacturing become practical. '*) Jacob Perkins invented the machine that led to our
modern compression systems. Michael Faraday discovered the principles for the absorption type
of refrigeration as early as 1824. It was not actually built until 1855 by a German engineer.

Mechanical domestic refrigeration first appeared about 1910. J. Larsen produced a man-
ually operated household machine in 1913. By 1918 Kelvinator produced the first automatic
refrigerator for the American market. Beginning with 1920, domestic refrigeration became an
important industry. The Electrolux, which was an automatic domestic absorption unit, appeared
in1927, ¥

By 1940, practically all domestic units were of the hermetic type. Commercial units had
also been successfully made and used. These units were capable of refrigerating large com-
mercial food storage systems. They could provide comfort cooling of large auditoriums. They
could also produce low temperatures used in many commercial operations.

Starting in the 1960s, the home air conditioning market experienced tremendous growth.
Energy was inexpensive, and therefore, simple air conditioning became common in many
homes. Solar energy and other alternative energy sources became additional sources for pow-
ering heating and cooling systems.

Due to a tremendous growth in technology, by 1990 all areas of refrigeration and air
conditioning were using microprocessor control systems. The purpose of these systems is to
increase reliability and efficiency of the heating and cooling units. By 1990, the automobile air

conditioner became as standard as the automatic transmission.
New Words and Expressions

1.  refrigeration [ rifridzsreifon] n. B, 3%, 8% .BH
2.  preservation [ preza(:)'veifan] n. 1BH
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5. due to. ..

3. frozen [ frouzn] adi. UVREEH), VWURHY , freeze HIZL 35 501)
4.  chilled [ild] adj. BEXH, BWETH, WK, BHK
5.  humidity [ hju:miditi ] n. BN, @R, 8F
6. insulated ['insjuleitid] adj. HBEH, B
7.  indicate ['indikeit] w. IEH, B, RIE, B, HERGEH
8 cellar ['sele] n. HE, T E, BE
9. antificially [atififoh] adv. ANTHu, \Jib, Ax&ib, A B
10. compression [ kompre[ (2)n] n. WaE, E48, B
11.  absorption [absorpfan] n. Wik
12. refrigerator [ rifridgreits] n. BYKAE, BhRER, RIS, BiEE
13.  hemmetic [ hometik ] adj. K, SHARYAN
14.  comfort ['kamfet ] n. &8
15. auditorium  [,odi'toriom] n. &, j
16. tremendous [ trimendos] adi. WKH, EX®
17. altemnative [ 2 tomstiv] adj. " HEBEVER, —_HE—H
18. reliability [ ri Jaicbiliti ] n.  AJEEYE
Phrases and Expressions
© le.g For example i 2. lead to... F[E]-, FH-
3.capable of. ..  BEf---B9, W[ LA--- B 4.startin... FFE{--- , HBF--

HAAE(HTF)--- MBETF
Technical Terms

Air conditioning: Control of the temperature, humidity, air movement, and cleaning of air

in a confined space. ZS Y

Humidity: Moisture, Dampness of air. ZZSHBE, =KW SEE

Absorption: The process of taking or socking up into a substance. PRZY{

4. Absorption unit: Refrigerator that creates low temperatures by using the cooling effect
formed when a refrigerant is absorbed by chemical substance. BEUCE Y% P14
Hermetic type: ¥R, HHR (N4, ESHHL)

. Comfort cooler: System used to reduce the temperature in the living space in homes. These
systems are not complete air conditioners as they do not provide complete control of heating,
humidifying, dehumidification, and air circulation. &FiERIFEIRES, FF BRI B HE

. Micreprocessor: Electrical component consisting of integrated circuits that may accept in-
formation, store it, and control an output device. fHAbHLE%
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Notes to the texit1.

(1] TRPEBREEL.

[2] EEERY, o E R AE/A TR 1000 4 BIFF AR K

[3] BE 1834 4, ABEUKA HALIRET

[4] & & A FARBERKE—RRTTH T 1927 F£H 3,

Reading material A
Cryogenics

The word cryogenics means, literally, the production of icy cold; however, the term is
used today as a synonym for low temperatures. Cryogenics refers to creating and using tem-
peratures in the range of 116 K down to 0 K ( —157°C down to —273°C) . This is a logical
dividing extremely line, because the normal boiling points of the so - called permanent gases,
such as helium, hydrogen, neon, nitrogen, oxygen, and air, lie below —150C.

Present — day applications of cryogenic technology are widely varied, both in scope and in
magnitude. Some of the areas involving cryogenic engineering include:

1. Rocket propulsion systems. All the large launch vehicles use liquid oxygen as the oxidizer.
The Space Shuttle propulsion system uses cryogenic fluids, liquid oxygen, and liquid hydrogen.

2. Electronics. Tiny superconducting electronic elements have been used as extremely
sensitive digital magnetometers and voltmeters. Superconducting magnets have been used to
levitate high — speed trains at speeds up to 500 km/h.

3. Mechanical design. Superconducting motors have been constructed with practically zero
electrical losses for such applications as ship propulsion systems.

4. Space simulation and high — vacuum technology. To produce a vacuum that approaches
that of out space, one of the more effective methods involves low temperatures. The cold of free
space is simulated by cooling a shroud within the environmental chamber by means of liquid
nitrogen.

5. Biological and medical applications. The use of cryogenics in biology, or cryobiology,
has aroused much interest. Liquid — nitrogen — cooled containers are used to preserve whole
blood, tissue, bone marrow, and animal semen for long periods of time. Cryogenic surgery
(cryosurgery) has been used for the treatment of Parkinson’ s disease, eye surgery, and treat-
ment of various lesions.

6. Food processing. Today frozen foods are prepared by placing cartons on a conveyor belt
and moving the belt through a liquid — nitrogen bath or gaseous - nitrogen ~ cooled tunnel. Initial

i
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contact with liquid nitrogen freezes all exposed surfaces and seals in flavor and aroma. '"!

7. Manufacturing processes. Oxygen is used to perform several important functions in the

steel manufacturing process. About 50% of all the liquid oxygen produced is used in the steel

industry to remove carbon from molten iron. Another 20% of the liquid oxygen is used in the

chemical industry, to help make antifreeze and other commercial products.

1.  cryogenics
2.  permanent
3.  helium

4. neon

5.  nitrogen

6.  magnitude
7.  propulsion
8.  oxidizer

9.  superconducting
10. sensitive

11. levitate

12.  simulation
13. magnetometer
14.  approach
15. shroud

16. chamber

17. - cryobiology
18. lesion

19. aroma

20. antifreeze

l.referto. .. B, 3B, 2%, EHT 2.s0called...
BT, MR8
H}ﬂﬂe.

3. present — day

5. used for. . .

[ krarsy'd3entks ]
['poxment ]
[hidjom, -liom]
['nizn]
['naitradzen ]
['meegnitju:d ]
(’propalfon]
[‘oksidaizo (1) ]

[ sjupoken'dakim]
['sensitiv]
[leviteit ]

[ simjuleifon]

[ meegniztoumiito]
(Sproutf]

(fraud]
[YJeimba]
('kraioubai®lod3i ]
[lizzon ]
[eroums]
(‘zenti'friz]

S 3353333 egeEyyyyagos

New Words and Expressions

R

. RAHY, RAK

g S

ol

"

K, &, EX, "X, B%R
fiERE, HEEN

A

. AT, TEEEN
. U, REE, Bobi

() SR, () B
g, B, B

REIT, R

I, BIE, Tk, SR, BB, BH
R, E, ¥, §E, £H, %
=, B, 8, €, B
(R

W, Bk

5%, B, FR

Bl 3l

Phrases and Expressions

4. by means of. ..
6. contact with. . .

Bt
RO <
Al e, S MK
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Technical Terms

1. Boiling point: The temperature of a liquid at which it changes to a gas under a pressure of
14. Tpsia(101. 3kPa). ¥b &

2. Permanent gas: X ASAE, HBHESAE

3. Liguid hydrogen: Nitrogen in liquid form used as a low — temperature refrigerant in ex-
pendable or chemical refrigerating systems. WAES

4. Molten iron: ¥k

Notes to the text

[1] X, RHERREOMITERE WHERRK) KBET - 617E TR BER
FERRHRE AV L, X, FrA B SHESREMN M RENSEES, &
FhERIBLIE M,

Reading material B
Frozen Foods

Frozen foods have an excellent safety record and freezing has never been reported to be the
cause of food poisoning. The great advantage of freezing is that micro — organisms do not grow in
foods when the temperature is — 10°C or colder. However, it should not be overlooked that
although freezing kills some microorganisms, it does not eliminate pathogenic microorganisms
nor microbial toxins present in the food product prior to freezing. !

Inactivation of micro — organisms caused by freezing and thawing may take place in three
ways:

1. When a food is cooled so that vegetative micro — organisms are kept at temperatures
below their minimum for growth, some loss of viability can be expected.

2. Inactivation of microorganisms take place during the freezing process.

3. Finally, inactivation of microorganisms may take place during storage, depending on
storage time and temperature.

During the freezing process the product temperature is lowered and most water in the food
is transformed into ice crystals. With decreasing temperature the liquid phase becomes more
and more concentrated. As the volume of ice is about 10% larger than the volume of water, the
internal pressure in the food may rise to 10 bar or more, especially during very rapid freezing.

This pressure is sufficiently high to cause undesirable textural changes in some foods, but not

—_— 6 —



