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Unit 1

Fundamentals of Refrigeration

By studying this unit, you will be able to:

Describe the early development of refrigeration and its main applications.

Discuss the basic physical, and engineering principles that apply to refrigeration.
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.

Describe the basic operation of a refrigerator,

Text 1 : History of Refrigeration and Air Conditioning

Supplementary Reading . Refrigeration
Text 2. Heat and Temperature

Supplementary Reading (1): Heat Trans fer

Sup plementary Reading (2) . Sensible Heat , Latent Heat and Specific Heat
Text 3 : Pressure

Supplementary Reading : Pressure and Temperature Relationship
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Text 1

History of Refrigeration and Air Conditioning

Most evidence indicates that the Chinese were the first to store natural 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. 7 Early Greeks and Romans also used underground pits to store ice, which they
covered with straw, weeds, and other materials to provide insulation and preserve it over a long
period.

In the 18" and 19" centuries, natural ice was cut from lakes and ponds in the winter in
northern climates and stored underground for use in the warmer months. Some of this ice was
packed in sawdust and transported to southern states to be used for preserving food. In the ear-
ly 20" century, it was still common in the northern states for ice to be cut from ponds and then
stored in open icehouses. This ice was insulated with sawdust and delivered to home and busi-
nesses.

In 1902, Willis Carrier, the “Father of air Conditioning”, designed a humidity control to
accompany a new air-cooling system. He pioneered modern air conditioning. In 1915, he, along
with other engineers, founded Carrier Engineering, now known as Carrier Corporation.

Mechanical domestic refrigeration first appeared about 1910. J. Larsen produced a manual-
ly operated household machine in 1913. By 1918 Kelvinator produced the first automatic refrig-
erator for the American market. Beginning with 1920, domestic refrigeration became an impor-
tant industry. The Electrolux, which was an automatic domestic absorption unit, appeared in
1927.

By 1940, practically all domestic units were of the hermetic type. Commercial units had al-
so been successfully made and used. These units were capable of refrigerating large commercial
food storage systems. They could provide comfort cooling of large auditoriums. They could al-
so 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 powe-
ring heating and cooling systems.

Due to a tremendous growth in technology, by 1990 all areas of refrigeration and air condi-
tioning 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 condi-
tioner became as standard as the automatic transmission. &

In 1974, two professors from the University of California, Sherwood Rowland and Mario
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Molina, presented the “ozone theory”. This hypotheses states that released CFC refrigerants
were depleting the earth’s protective ozone layer. Scientists conducted high-altitude studies and
concluded that CFCs were linked to ozone depletion.

Representatives from the United States, Canada, and more than 30 other countries met in
Montreal, Canada, in September, 1987 to try to solve the problems of released refrigerants and
the effect they had on ozone depletion. This meeting was known as the Montreal Protocol. This
Protocol was ratified by 100 nations in 1989 and mandated a global production freeze on CFCs
that froze their production levels back to 1986 levels,

New Words and Expressions

1. cellar ['sela] n, HE, BTE, BE
2. insulation [iinsju'leifan) n. wmag B EE.BERE
3. conditioning [ kan'difanin] n. By, B2, 8, BEER
4. humidity [ hju:'miditi] n. S, HE. B, SER
5. mechanical [ mi'keenikl] adj. LA, NI
6. domestic [da'mestik] adj. RES, XAN,.BAN
7. refrigeration [ rifridze'reifon] n. AR, B4, AH.84 8K
8. manually [ 'meenjuali] adv. BAF, AL, F5
9. automatic [ iorta'meetik] adj. Baie, Bam
10. refrigerator (ri'fridzoreita] n. KA. AEE, MAHE
11. absorption [ab'sa:pfan] n. -3l
12. hermetic [ ha:'metik] adj. FEay, HiAN
13. heating [ 'hiztin) n. I, it
14. technology [ tek'noladszi] . I, B, R
15. reliability [ riilaia'biliti] n. BE §:3
16. efficiency [i'fifansi] n. ¥E, Y
17. standard ['steendad] n. R, 08
adj. R, E-RE
18. ozone ['suzaun, au'z-] . AE, FENSS
19. refrigerant [ ri'fridzarant] n. 4
20. deplete [di'plist] o, R, 38
21. depletion [di'plizfen] n. nE
22, freeze [friz] (YK, (EAK, BE
Phrases and Expressions
1. along with. .. 5..—& 2. be known as. .. WERA, BL---FIR
3. begin with. .. JYNEP 3 FPICEE & 4. be capable of... BB 89, T8
5. start in... H#EF ®&F 6. due to... BX.aF. 5E8F
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Technical Terms

- Air conditioning . = R (L& ik HAR SRS B KB AN 2 SR 8.2

UL Bh AN I B A .

. Humidity: {2 & /K5y & &, 50 &
. Automatic refrigerator . FB1{LIKA T8 B4 A B SR A KA . 5 P A manually op-

erated household machine( A T #4E 89 2 FI K4 ) AH X 1 .

. Absorption unit : W W ¥ HLA L &R — Fh R & 20K 7R 78 0 AT /K 3054k B2 4 W), O

FH KR L 7K 78 5055 A 48 i R 1A T 3 A5 1) ¥4 00 g — Bk i) ¥ i 45, 5 S0 b Mechanical re-
frigeration unit(RLAR HE 45 U HSHLAD M X N, —H R AR L 5SS BAEARA T ETEH B H L.
Domestic absorption unit 2% B W Wi X AL 2

5. Hermetic type . A0, % M 8 (UL, 400D

10.

. Com fort cooling : &FiEYEMEY , 35 CU A 7 A1 TAE X 7E L FERR R AL FR , h F AR AR

AT PR AN UG FR . A I, Comfort cooling AN JE—Fh e 875 1 .

. Low temperature . {Xif, CHMRB"H X R EKBEEH. Y TFEHLHELEER.OCUT

B {5 i .

Microprocessor control systems . ¥ b ¥ 2845 il 2 45 , 45 b 4 5L BE 2 A A9 L RE B AR 3R (5 & .
A] DAAFA T Rl o i S A AR T .

Heating and cooling units . {3 5% PL4

CFC refrigerants . S AL 6l % ), b1 80 50 F AR S04k & B 28 0B — ol i ¥ 771 48 9 98
BE BRI FHIR REAERNS RS, A B R R R .

Nofes fo the Text

[1] A &Y W K : Evidence that ice cellars were used as early as 1000 B. C. in China has been

found. that 5| 5 ¥ % i M\ A 81 3 i& Evidence, X4 Fif B i & M B K . 3hiA 2 5 69
) AR Ay B A L TR TR R SO A R

[2] The automobile air conditioner became as standard as the automatic transmission. {8 F

f#, A A M5 24 : The automobile air conditioner became a standard component as the au-

tomatic transmission. RAEZTEME A A EHF—HC MO E R RHERE .

Supplementary Reading

Refrigeration is the process of removing heat from a place where it is not wanted and
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transferring that heat to a place where it makes little or no difference. ™! The term refrigera-
tion is used here to include both the cooling process to preserve food and comfort cooling (air
conditioning). '

Preserving food is one of the most valuable uses of refrigeration. Food spoilage slows down
as molecular motion slows. This retards the growth of bacteria that causes food to spoil. Below
the frozen hard point, food-spoiling bacteria stop growing. The frozen hard point for most
foods is considered to be 0°F (~ 18°C). The food temperature range between 35°F (2°C) and
45°F (7°C) is known in the industry as medium temperature; below 0°F is considered low tem-
perature. These ranges are used to describe many types of refrigeration equipment and applica-
tions.

For many years dairy products and other perishables were stored in the coldest room in the
house, the basement, well, or a spring. In the South, temperatures as low as 55°F (13°C)
could be reached in the summer with underground water. ™ This would add to the time that
some foods could be kept. Ice in the North and to some extent in the South was placed in “ice
boxes” in kitchens. The ice melted when it absorbed heat from the food in the box, cooling the
food.

In the early 1900s, ice was manufactured by mechanical refrigeration and sold to people
with ice boxes, but still only the wealthy could afford it, [

Also in the early 1900s, some companies manufactured the household refrigerator. Like all
new items, it took a while to become popular. Now, most houses have a refrigerator with a
freezing compartment, ™

Frozen food was just beginning to become popular about the time World War [l began.
Because most people did not have a freezer at this time, central frozen food locker plants were
established so that a family could have its own locker. Food that is frozen fresh is appealing be-
cause it stays fresh. Refrigerated foods, both medium temperature and low temperature, are so
common now that most people take them for granted. [

The refrigeration process is now used in the comfort cooling of the home and business and
in the air conditioning of automobiles, The air conditioning application of refrigeration is known
in this industry as high-temperature refrigeration.

In the average household, the room temperature from summer to winter is normally be-
tween 70°F (21°C) and 90°F (32°C). The temperature inside the refrigerator fresh food section
should be about 35°F (2°C). Heat flows naturally from a warm level to a cold level. Therefore,
heat in the room is trying to flow into the refrigerator, and it does through the insulated walls,

the door when it is opened, and warm food placed in the refrigerator.

New Words and Expressions

1. process [pro'ses] n. iR, hx. BF, SR, #5
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2. remove [ri'muv] ut. B, TR, B

3. transfer [ treens'far] ot i, T, B85, 8, &8

4, term [tarm] . ARiE, 28, HiE, £K, &HF

5. spoilage ['spoilidz] n B

6. molecular [ mau'lekjula] adj. SFH, B FEARR

7. retard [ri'tad] v, ER, A%, AL, 5, AW

8. bacteria [ beek'tiaria] . il

9. spoil [ spail] e, BF, mH

10. frozen ['frauzn] adj. HER, BKE, freeze i3 £ 5 F

11. medium [ 'mi:djam] adj. RiEE, PEMN

12. perishable ['perifabl] adj. BEREMN

13. basement ['beismant] n. T =, HEH

14. spring [sprin] n. BEX, R, U, &, MM, ¥

15, melt [melt] v (BB mfL, (SR, EHRIL

16. absorb [ab'sab] ut. WU, &3

17. manufacture [ imanju'feektfa] ut. B, MIL.E&&

18. establish [is'teeblif] ot. By, &, &R, BE
Phrases and Expressions

1. transfer...to... $§--fEHE--

2. make little or no difference L FEFHTLREXER . EXEE

3. tosomeextent REMHEEL.AE.HK

4, take. ..for granted AN R MR (R AL, @ A RY)

Technical Terms

. Frozen hard point . FEEFE 88 ST &K4 B B E e @8 HRE .

. Food-spoiling bacteria . B GBUBHEME, T EHHAE . BHENEN.

. Medium temperature . $1 450 B , iR, #§ 35°F (2°C) & 45°F (7°C) 18 B X [8] P4 i %% LR .
. Dairy products : ZL#| 5

. Perishables . ff 55256 i, 36K R BT MAK ™ &b

oW W o =

Notes fo the Text

[1] a place where it makes little or no difference. JLFEHFE LT X EEMM T, LFHE LA™
AT .

(2] T E %, # A T /K AT LK AHE R 55°F A3'CHRIIRBE .

[3] In the early 1900s, ... but still only the wealthy could afford it. 20 #H42%7], - B E
HEABEBIHENL.
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[4] Now, most houses have a refrigerator with a freezing compartment. 4] a refrigerator
with a freezing compartment ¥ . 5 B E 8 VK4S .

[5] Refrigerated foods are so common now that most people take them for granted. fA]H so. ..

that 5| 4 RN AT, A% - 00 R 5 A0 38 , LABOK 2 MR L 9 BB AR SR T .

Text 2

Heat and Temperature

The laws of thermodynamics can help us to understand what heat is all about. ) One of
these laws states that energy can neither be created nor destroyed, but can be converted from
one form to another. This means that most of the heat the world experiences is not being con-
tinuously created but is being converted from other forms of energy like fossil fuels (gas and

oil). ") This heat can also be accounted for when it is transferred from one substance to another.

The term used to describe the quantity of heat or heat 1 3
content is known as the British thermal unit (Btu). This . , 212F
term explains how much heat is contained in a substance. ”‘F{

The Btu is defined as the amount of heat required to raise
the temperature of 1 |b of water 1°F. For example, When 1
Ib of water is heated from 68°F to 69°F, 1 Btu of heat energy

is absorbed into the water. # “ Flame

In the metric or SI system of measurement, the term

joule (J) is used to express the quantity of heat. Because a Figure 1- 1. When the water
joule is very small, metric units of heat in this industry are ,gaches 212 °F , boiling will occur.
usually expressed in kilojoules (k]) or 1 000 joules. One Btu

equals 1. 055 kJ.

Temperature can be thought of as a description of the level of heat. Temperature also is re-
ferred to as heat intensity. Both heat level and heat intensity should never be confused with the
amount of heat, or heat content. Heat can be thought of as energy in the form of molecules in
motion. The starting point of temperature is, therefore, the starting point of molecular mo-
tion,

Most people know that the freezing point of water is 32 degrees Fahrenheit [32°F (0°C )]
and that the boiling point is 212 degrees Fahrenheit [212°F (100°C)], Figure 1 — 1. The points
are commonly indicated on a thermometer, which is an instrument that measures temperature.

Early thermometers were of glass-stem types and operated on the theory that when the

substance in the bulb was heated it would expand and rise in the tube,™ Figure 1 - 2. Mercury
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and alcohol are still commonly used today for this application.

We must qualify the statement that water boils at 212°F

-Vapor reservoir
.(100°C ). Pure ‘jvater boils at 212°F when standard atmospher- meter stem bas small
ic conditions exist. Standard conditions are sea level, the ba- hole bored from bottom to top
. " . : _ Room temperature registers
rometer reading 29. 92"Hg (14, 696 psia), and the air tempera e b telow hac boen n the
ture is 59°F (15°C). bu;oml’ongmoughmacmally
. . at room temperature
Pure water has a freezing point of 32°F (0°C). Obviously
the temperature can go lower than 32°F (0°C), but the ques- Thin bulb
tion is, how much lower? The theory is that molecular motion Alcohol or mercury

stops at —460°F (- 273°C). This is theoretical because molecu-

. Figure 1- 2. Glass stem
lar motion has never been totally stopped. The complete stop-

. o R thermometer.
ping of molecular motion is expressed as absolute zero. This

has been calculated to be — 460°F (— 273°C). Scientists have actually come within a few degrees
of causing substances to reach absolute zero.

The Fahrenheit scale of temperature is used in the English measurement system by a few
countries in the world that uses this system. The Celsius scale of temperature measurement is
used in the Systems International systems (SI) or metric system used by most other countries.

Equipment is rated to establish criteria for comparing equipment performance, 1 Perform-
ance ratings of equipment are established using absolute temperature. The Fahrenheit absolute
scale is called the Rankine scale, and the Celsius absolute scale is known as the Kelvin scale.
Absolute temperature scales begin where molecular motion stars; they use 0 as the starting
point. For instance, 0 on the Fahrenheit absolute scale is called absolute zero or 0° Rankine
(OR). Similarly, 0 on the Celsius absolute scale is called absolute zero or 0 Kelvin (0K).

You may find it necessary to convert specific temperatures from Fahrenheit ¢ to Celsius tc
or from Celsius ¢c to Fahrenheit zz. We can use the formulas:

te= (1:-32%) / 1.8 or tp= (1,8Xtc)+32°

To convert a room temperature of 75°F 1o degrees C:

te= (75-32° / 1.8 = 23.9C so we have: 75°F = 23. 9°C

New Words and Expressions

:

1. law [l] n. EE,RR. AR ER
2. thermodynamics [ '@s:maudai'neemiks] n. mhzE

3. thermal ['eamsal] adj. iy, RN

4. Fahrenheit [ 'franhait, 'far-] adj. HEREEITR

5. thermometer [6a'momita(r) ] n. BE, KERI

6. instrument [ 'instrumant] n. {#% . IR, &/, %R
7. theory ['@iari] n. Bit, ¥iR.EFE

8. expand [iks'paend] vt vi. FEH. ¥R, ¥k
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9. mercury [ 'matkjuri] n. K, E
10. alcohol [wlkohol] n. T, B
11. qualify ['kwolifai] wt. RE, RE
12. atmospheric [ieetmas'ferik] adj. XEH
13. barometer [ba'ramita] . SEit
14. reading ['rixdin] n. WEELEWE, BiR, BY
15. theoretical [Bia'retikal ] adj. Eitm
16. absolute ['=bsalu:t] adj. L, BN
17. scale [ skeil] n. HE B SEER L EERIR
18. Celsius ['selsjas] adj. HES
19. criteria [krai'tiaria] n. o, RE, 58, 88
20. performance [ pa'formans] n. e AT, hiT, A
Phrases and Expressions
1. neither...nor. .. B X ()R- 2. convert. .. from...to... e EER
3. account for. .. W, BE. SR 4. be defined as. . . BEXA -
5. be thought of as... #IAX(ER-- 6. referred to as. .. oA, ML A 38N
7. confuse. ..with... w0 RH 8. be expressed as. .. TJRA

[ e e i Y
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Technical Terms

Fossil fuel . 5 ¥1# 8

Heat content : 4 & B, S#H R

British thermal unit (Btu) . ZEEME AV

1b: = pound ¥

Metric or SI system ; i 5% H B5 % £ # , Systems International systems (SD [ Fr 807
Joule (J), kilojoules (kJ): fa ¥, T4

Heat intensity : PR, {ARNEE, AREITEREBRE.

Freezing point: VK&,

Boiling point . ¥ &5,

Fahrenheit scale : % [CiB#R

. English measurement system : %

. Celsius scale: $ERIBR

. Performance ratings of equipment : ¥ & )W E IR, R E&WEREHF(SEO
. Fahrenheit absolute scale ; * X% % B AT

. Rankine scale: = [KiB¥s, %N 81H BR, BIRER, = &RF.

. Celsius absolute scale ; 8 X 43R 4R

. Kelvin scale : 37 /R B4R . 7 KRR

. Absolute temperature scales . #5518 R



