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"Unit 1 Thermodynamics and Heat Transfer

This unit introduces the basic and elementary knowledge of thermodynamics and heat transfer.
After learning, you will be able to understand:

1. The basic concepts and terminology in thermodynamics and heat transfer.

2. The three ways of thermal transmission.

3. The composition of thermal systems.

4. The thermodynamic cycle principle.

There are six texts in this unit, they are:

Text 1 Some Basic Concepts of Thermodynamics

Text 2 Thermodynamic System

Text 3 General Characteristics of Heat Transfer

Text 4 Conduction

Text 5 Convection

Text 6 Radiation



Text 1 Some Basic Concepts of Thermodynamics

In a thermal equipment, the energy inter-conversion based on the heat absorption process, the
exothermic process, expansion and compression process to be completed. Studying these processes
requires us to know what are the system and its surroundings. A thermodynamic system is a region
in space or a quantity of matter bounded by a closed surface." And the surroundings is the
conditions, objects and so on, it includes everything external to the system, and the system is
separated from the surroundings by the system boundaries that could be either movable or fixed,
either real or imaginary.

There are two important concepts in any thermodynamic system, they are entropy and energy.
Entropy is used to measure the molecular disorder of a given system, and the more shuffled a
system is, the greater its entropy.”

Energy is the power which can do work, it is the capacity for producing an effect. And it can
be categorized into two kinds, stored form and transient form energies.

Stored form energies are the following:

Thermal energy, or internal energy, u—the energy a system possessed and it is caused by the
motion of the molecules or any intermolecular forces.

Potential energy, P.E.—the energy a system possessed and it is caused by the inter-attractive
forces of molecules, or by the elevation of the system.?

PE.=mgz (1.1)
where m=the mass of the system

g—the local acceleration of gravity

z=the elevation above a horizontal reference plane

Kinetic energy, K.E.—the energy a system possessed and it is caused by the velocity of the
molecules.

K.E.=(m*)/2 1.2)
where m=the mass of the system
v=the velocity of fluid streams when crossing the system boundaries

Chemical energy, E.—the energy a system possessed and it is caused by the arrangement of
atoms composing the molecules.

Nuclear energy, or atomic energy, E,—the energy a system possessed and it is the cohesive
forces holding the protons and neutrons together to be an atom nucleus.*

Transient form energies are the following:

Heat, Q—the force produced by the movement of groups of atoms. In a system, it is the
transfer energy across the boundary of system, and it’s always in the direction of the lower
temperature.

Work, W—the transference of energy from one body or system to another, the work causes a

motion of the body acted upon in the direction of the force producing it and against resistances. It is

e e



equal to the product of the force and the distance through which the force moves. In a system, it is
the transfer energy across the boundary of systems, and it is always in the direction of the lower
pressure. Mechanical or shaft work, W, is the energy delivered or absorbed by a mechanism, such
as a turbine, air compressor or internal combustion engine etc. .

Flow work, EW.—it is the energy carried into the system or transmitted across boundary. In a
system, it is produced by a pumping process somewhere outside the system, and causes the fluid
enter into or leave the system.5

EW.=pv (1.3)
where p =—the pressure

v=the specific volume, or the volume displaced per unit mass.

A property is used to describe an inherent quality of a system. It is an observable characteristic
of the system. The state of a system is defined by a series of properties. The following are some of
the most common thermodynamic properties: temperature (7), pressure (p), specific volume (v),
density (p ) and so on. And there are additional thermodynamic properties such as entropy and

enthalpy etc.

Enthalpy, #—a result of combining properties, is defined as:

h=u-+pv (1.4

where u=the internal energy

p—the pressure

v=the specific volume

A process is the change of the state in a system. It is defined as any change of the properties in
the system. A process can be described by a specifying initial and final equilibrium states.

A cycle may be a process, or a series of processes. At last of a cycle, all the properties are as
the same as the values that they are at the beginning.

New Words and Expressions

categorize [keetigoraiz] vt. g 3HATHRK

cohesive [kau'hirsivl a KWK

enthalpy [en'Bzlpi] n. [¥]%&, #k

entropy [entrepil n. [#H, CEIFHEER
equilibrium [i:kwilibriem] n. FEPRZ, ¥4
elevation [eli'veifen] n HE

molecular [moau'lekjule] a 4TH

potential [pe'tenfel] a WEZEM

n. WERE
shuffle - ['[Afl] ve. #EL, HEF
vi. BR

n. FELRI—HE, BE
thermodynamics ['8a:maudai'neemiks] n. [ I1%¥
act upon fﬁfﬁﬂl ......



be separated from Lj-+-+- ) 48
Technical Terms

a thermodynamic system # R4
atlastof acycle PEMER (&)
cohesive force HZEEN

specific volume  H{&FR
equilibrium state “FHRRZ

‘Notes to the Texts

1. A thermodynamic system is a region in space or a quantity of matter bounded by a closed surface.
)P i a region I a quantity of matter J&H 55

2. The more shuffled a system is, the greater its entropy.

the more--the more--+ 45,

3. Potential energy, P.E.—the energy a system possessed and it is caused by the inter-attractive

forces of molecules, or by the elevation of the system.

#EE, PE—HTOTRFEEERIINRARANRE, ERENMAFHRER.

4. Nuclear energy, or atomic energy, E,—the energy a system possessed and it is the cohesive
forces holding the protons and neutrons together to be an atom nucleus.

B, (BT 88, E—HTRTMRTHRIRTENARY, EREAMREHNGRE.

5. Flow work, FW.—it is the energy carried into the system or transmitted across boundary. In
a system, it is produced by a pumping process somewhere outside the system, and causes the fluid

enter into or leave the system.

f] 9 carried into the system or transmitted across boundary J2& energy K 5E1E, carried into the
system Fl transmitted across boundary & 3F 345 H# .

Wahzh, FW—RHUNBRBBRGUFAIGE. ER-RETREIIELFENHISIERF
RAFFENREHETF RETTIRK,

Practical English

B EERCRRR (—)

KERXEE. BoER, BRHUHF LENCERRHKEMN. BHERKERKERRE, ﬁ%ﬁ?l’:“]
RERICH G H K.

KEHIRBAICKERBETHR T BN HIEE. BAIT, 46%HIERICHEENE#E
RFTFHTE, 12%FE BFEE. ERBEFICHEIAMUHER (BERERICE B A BENR
TEHNSESEN=42 =), BTEMR, MEAEFERKRICEREE.

MBI REERFEERYE, MRFE—-BERACHARKEZREHFAKER, BRHRET
CLB ¥R E R . 0.

B (B WiE  induction (FHETFHTE)

¥  induction
s induktion




B MEJTYKIMA ‘
Bt (8 B HEFE  magnetical) (FETHEE)

¥  magnetique

f8%&%  magnetisch

RiE Ma CHHTHbIA
FHERBESWRANCREETES = —RIGERENCHE X SREERMFTENE.

—. —RIEFACHEX

HOBREZFESWIAC M B H SEE AT XTIk, BB T IRREEF UHHE
X BREABMERNIEEFCEEDR SRR, BENSEFRRERERIL—ME
EHIRIR. Flan:

angel RE — BERWM base BEuti — W, X%
energy wh, Bh — B (B moment Rz, BE — 5
power B B — B (J1), B3l BREH F

. ARiEREA

KENHAMESEA T EEORBAC. EXEECF, FEEEE PERAKLRS
BEIC Calien), #RAHERKFR. Hl0:

antenna (R&) datum (%D
formula (CH#) fungus (B3
maximum (BKED minimum (B/DED
nucleus %) radius CGER
FEEMBEH KMAKRIBHS S TRRETIL (denizen). N,
fellow (ktE, BEHE, R husband LR, 4D
law (B, &) skin (KRB, FM%)
Exercises

1. Answer the following questions according to the text.

(1) Why energy and entropy operate in any thermodynamic system?

(2) How many stored form energies are there?

(3) What is the energy? How many kinds it can be categorized?

(4) Please write down some thermodynamic properties.

2. Decide whether the following statements are true or false according to the text.

(1) Most applications of thermodynamics require that the system and its surroundings be defined.
(2) It isn’t right that energy and entropy operate in any thermodynamic system.

(3) Any property always has the same value.for a given state.

(4) A pure substance has a homogenous and invariable chemical composition.

3. Put the following words into Chinese/English.

(1) Energy is the capacity for producing an effect, and can be categorized into either stored or

transient forms.
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2 T, W—A—PREGE (B HB5 57 —RE (B KR, EMNEH
TEYEEE R AT B

(3) A process is the change of the state in a system. It is defined as any change of the
properties in the system. A process is described by a specifying initial and final equilibrium states.

@) BHRE—NEER—RIIMERE. ERFERN, FESEHERSENNISHE
AR .

4. Translate the first paragraph into Chinese.



Text 2 Thermodynamic System

In the thermal engineering, the studied objects normally are isolated from one another and then we try
to analysis the change and interaction, the studied objects isolated is named thermodynamic system.!

The boundary of a system can be either real or imaginary, and either fixed or movable. If the
gas in a cylinder is the studying object, then it is the thermodynamic system.2

There may be many objects in an engineering problem. The solution of a system is dependent'on
which objects are under consideration. In a thermodynamic system, we can do it either by placing an
imaginary envelope around the objects under consideration or by using an actnal envelope if it exists.

For example, when dealing with a gas in the cylinder where the boundaries are located on the
outside of the cylinder,4 the system includes both the cylinder and its contained gas. On the other
hand, when the boundaries are placed at the inner face of the cylinder, the system consists solely of
the gas itself. So it is very important and essential for us to specify the boundaries of the system
carefullys.

Based on the difference of the characteristic of the systems, the different systems are named.

(1) When the boundaries of a system would not change with the surroundings, then we can say
that it is a closed system. However, it may exchange energy in any form of heat or work with the
surroundings. The boundaries of a closed system may be either rigid or may expand or contract,® but
its mass will not change. When the energy crossing the boundaries of a closed system is zero, the
system may be treated as an isolated system.

(2) Conversely, if there are any matter exchange between the system and the surroundings,
then it is an open system. The quantity of the matter in an open system may be either variable or
constant. The boundaries of an open system are so placed that their location does not change with
time. Thus, the boundaries enclose a fixed volume, commonly known as the control volume.

Sometimes a system may be a closed system at one moment and an open one the next. For
example, consider that we would study a cylinder of an internal combustion engine, when the
valves close, the system is a closed system. And when either or both of the valves open, the system
will become an open system.

In most cases, a studied object would be a large and very complex system. We can break down it -
into a lot of component parts and then analyze every component part. Then the performance of the entire
system can be determined by the summation of the performance of the individual component systems.’

For example, consider the liquid-vapor part of a steam power plant as a total system. This
closed system contains the steam generator, the steam turbine, the steam condenser, the feed-water
pumps, and the feed-water heaters. All of these units may be considered separately by throwing a
boundary around them. Since a fluid enters and leaves each of these smaller systems, each one is an

open system and must be analyzed as such.



New Words and Expressions

boundary [baunderi] n %, R

consideration [kensida'reifen] n {kiE, %8B, FEHEHFEIN, WM
cylinder ['silinde] n B, BEH4%, R, HmE

envelope [envileup] n {5, #45, [RGB, [HEE, [E1LB
imaginary [i'meedzineri] a. BAEH, EEH, EHK

solely ['seuli] ad JiBHL, HiH

solution [sa'lju:fan] n. RE, BRINE, BR, BR, BEFRE

be isolated from L5+ BR4E

either =+ or-s BY (F) -oeee- BR (F) -evee
for example B0

is dependent on 1K 5E, K

Technical Terms

a steam power plant ZEIXKH[
an internal combustion engine P #A#L
the feed-water heater 437K in#%
the feed-water pump A 7KZE
the steam condenser 2%
the steam generator ZEV R AR (B
the steam turbine ZEVFEHL
Notes to the Texts

1.In the thermal engineering, the studied objects normally are isolated from one another and then we
try to analysis the change and interaction, the studied objects isolated is named thermodynamic system.

)" the studied objects normally are isolated from one another 5 we try to analysis the
change and interaction*--#13%. ZE#HN TEH, BERAANEIBHRBMIRBUES
SAABMHEER, ZNRABTRLE.

2. The boundary of a system can be either real or imaginary, and either fixed or movable. If
the gas in a cylinder is the studying object, then it is the thermodynamic system.

£JH and either fixed or movable. &4 #& ], 2] 4 and it can also be either fixed or movable.

3.»-*we can do it either by placing an imaginary envelope around the objects under
consideration or by using an actual envelope if it exists.

either-+-or--- 514, W AMHKMEE (by--+) HIHFF.

4.---when dealing with a gas in the cylinder where the boundaries are located on the outside of
the cylinder, --*

SRREMRTE, 27K --when we deal with -

5.S0 it is very important and essential for us to specify the boundaries of the system carefully.

BEA)A itisee for sb to do sth. &5,

e R



6. The boundaries of a closed system may be either rigid or may expand or contract,---

#2 either...or...or..+ ],

7. In most cases, a studied object would be a large and very complex system. We can break down it
into a lot of component parts and analyze every component ports.Then the performance of the entire
system can be determined by the summation of the performance of the individual component systems.

KEHERT, MEERERR. BROTTEZNEATHEFIN. WENRERMGE
R TZ0 RAMERRBA,

Practical English
RIERIFRICAERR ()
=. #Hana
WHTFTR, KD IEREAICES SR T ENEFEEENHR, BEMESEEX

- FIRETRIATC .

1. BAfERAEERE

di- (N, =f%) + -pter (E, ) ~— dipter H#E)

photo- (J£) + -meter CK, ¥ ~ photometer (&0
2. BAFHPTERE

sub- (K, ) + son (F) — subsonic (KD

super- (fE+--++- b, M%) +lun (AR — superlunar (AR BRI, REHD
3. FIEREENN T W RRA

television B (T HAR+FHEHERE
spirometer FEiE R, MREPHAN, EREFEN (FHREERHTHERE
agronomy RV +3F (FHREREFE+RLT W)
4. PEE. FAEEHERERMNNT EEWEGRE A
heliostat EHg
subway HiER
length KE

weatherometer  Z4b (XD BRI
TRTEELSWIRICHBMELNE, BRSNS NEE K IEERS R A K ER
PR, BIERBOTWARE, BRAR, EATARERGIEEERABERTON, AR
FHE—R=. MRFEMBLINFROZE. BHln:
magnetohydrodynamics — magneto + hydro + dynamics
Bl mEdE % - Rk () +4%
bioelectronics — bio (ZE¥) +electron (BBF) +-ics (R} ~4EY T
telephotometer ~ — tele (GBIT) +photo () +-meter (KD — BREEX
phonophotograph — phono (F#%) +photo (%) +-graph (iZR) — BB
suprarenalemia  — supra (&) +renal ('F) +emia (MLfE) — B _LARFMAE
cholecystography — chole (fH) +cysto (¥E) +graphy (FBHAR) — FEBEEMHAR
methyltrichlorosilane —>methyl (FF3) + tri- (=) + chloro (§) +silane (FEkE) — 3
«Qe



=F ke
polytetrafluoroethylene — poly (38) + tetra (PI) + fluoro (%) + ethylene (ZJ&) — %
MU 2%

Exercises

1. Answer the following questions according to the text.

(1) How do we usually do when studying a thermal engineering?

(2) How can be the boundary of a system?

(3) What is the solution of a system dependent on?

(4) Based on the difference of the characteristic of the systems, how many the different
systems are named?

(5) How do we usually do when a studied object is a large and very complex system?

(6) What is the boundary of an open system?

2. Decide whether the following statements are true or false according to the text.

(1) In the thermal engineering, the studied objects normally are isolated from one another and
then we try to analysis the change and interaction.

(2) The boundary of a system can be either real or imaginary, but it can not be either fixed or
movable.

(3) In a thermodynamic system, we can do it only by placing an imaginary envelope around
the objects under consideration and not by using an actual envelope if it exists.

(4) It is not very important and essential for us to specify the boundaries of the system
carefully.

(5) Then the performance of the entire system can be determined by the summation of the
performance of the individual component systems.

3. Put the following words into Chinese/English.

(1) If the gas in a cylinder is the studying object, then it is the thermodynamic system.

QABFIRIEL A SAER, HH (R UREREES, WRER SR REASE.
A—TiH, EHFKENRIALFN, WRERAHE FHD <.

(3) In most cases, a studied object would be a large and very complex system. We can break
down it into a lot of component parts and analyze every component part.

4 BEAUREBEANRBE XL NRGEN, BMWIBHFFRRE BN

4. Translate the following paragraph into Chinese.

Sometimes a system may be a closed system at one moment and an open one the next. For
example, consider that we would study a cylinder of an internal combustion engine, when the
valves close, the system is a closed system. And when either or both of the valves open, the system

will become an open system.

e 10 »



