Changes of temperature and state

The two extracts below are from a basic technical training course for the customer service
staff of a manufacturer of heating boilers.

As you know, temperature is measured in degrees Celsius (CO). But heat i= energy, =o it's
measuwed in jovles. To calvlate the amount of energy needed to raise -the temperatuwe of
a substance, you need to know the mass of the =uvbstance being heated, and also its
specific heat capactiy - in other words, the amount of energy, In joules, required to raise
the temperature of one kilogram of the suvbstance by one degree Celsius.

What happens when svostances change state? Wel, hneat energy is needed to make a =old
mel and become a liquid. Tt's als=o reeded to tum ligqud into vapouw — it takes energy to make
a liguid bol, =o that it evaporates (or vaporizes) and becomes a gas. That's because meling
and evaporation are endothemmic processes. That means they take in heat energy — they
need to absorb neat from a heat soxce, such a= a flame. And tt's the opposite when a
svostarce cods. As a gas condenses to become a liqud, or as a liqud soidifies to become a
=dlid, the proces=s is exothemic — heat is emitted. The amount of erergy absocced or emitted
while a =Jdostance changes state, n joles pec kiogram, is called laterdt heat. Duing meting =
caled laternt reat of fusion, and during vaporizing it's caled latert heat of vaporzation.



Vapour, cooling and thermal inertia

Gas and vapour

A gas can also be called a vapour — for example, water vapour. The definition of a vapour is
a gas which is below its critical temperature. This means the gas can be condensed by putting
it under pressure. Above the critical temperature (374 °C in the case of water), the gas can no
longer be condensed by pressure.

Steam

Water vapour is often called steam. When it is extremely hot — such as in electricity-
generating turbines — it is called superheated steam.

Cooling and thermal inertia

Radiators are widely used in cooling systems — for example, in vehicle engines. Liquid —
called coolant — is pumped around the hot engine to absorb heat, and travels through a
radiator positioned at the front of the vehicle. As the vehicle moves, air flows over the
radiator. The airflow cools the radiator and the coolant inside it. Without a cooling system,
the engine would overheat. However, this would not happen immediately after starting the
engine, due to thermal inertia — the fact that it takes time to change the temperature of a
heavy mass of material (such as an engine), either when it is heated or cooled. An object with
a high level of thermal inertia can be described as a heat sink.



Complete the sentences about water using words from A opposite. Sometimes there is more
than one possible answer.

1 When the temperature of ice reaches 0 °C, it changes —it to
become water.

2 At 100 °C, water )

3 When water is ceeeeeeeeeeeeeee to 0 °C or below and .............. to become ice, it is said to
freeze.

4 In gas form, water is called or ;

5 Between 100 °C and 374 °C water is a ... because it is below its critical
temperature.

6 Extremely hot water vapour is called . e =



Heat transfer
The textbook extract below looks at heat transfer — how heat travels.

-

To help understand heat transfer, homes provide
everyday examples. The heating systems in homes
often have electric convector heaters. These heat
the air and make it circulate, so that it moves in a
circle — first rising, then cooling and sinking before
rising again. This is called convection, where warm
gas or liquid moves around and dissipates heat,
transferring it to the rest of the gas or liquid.

Alternatively, the heating system in a home may

circulate hot water through radiators. The radiators An electric convector heater

act as heat exchangers — devices that transfer heat

— in this case, from the hot water inside to the cooler air outside. This happens by conduction — heat
transfer through solid material. After the heat has been conducted through the metal of the radiator,
the heat is dissipated by convection.

The third way that heat is transferred is by radiation. This is heat that travels as electromagnetic
waves. An example is the heat from the sun. So the radiators that circulate water have a misleading
name, as they don't really function by radiation.

e e ——— SO e P — ———— - — o e o ——



The electromagnetic spectrum

The diagram below shows the types of wave in the electromagnetic spectrum.
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Match the two parts to make correct sentences. Look at A and B opposite, and Appendix VII
on page 109 to help you.

1
2

3

oW

A liquid pumped onto a workpiece that is being machined, to stop it overheating, is called a
The form of heat transfer that occurs with infrared heat — a form of electromagnetic wave
— is called

The metal fins (plates) around air-cooled engines, intended to maximize the surface area of
the hot engine that is in contact with the cooler air, are designed to act as a

Thick, dense, internal walls inside an energy-efficient house, which are intended to absorb
heat energy during the day and store some of it to be emitted at night, function as a

The soil and rocks on the surface of the earth remain warm at night in summer, due to the
principle of

radiation. ¢ heat sink. e heat exchanger.
coolant. d thermal inertia.



Circle the correct words to complete the article about condensing boilers. Look at A and B
opposite to help you. The first one has been done for you.

Condensing boilers are becoming increasingly popular in homes, as they use up to 40% less gas
than traditional boilers. How do they work? By exploiting the fact that when a liquid condenses, due
to the principle of latent heat of (1) fusionAZaporizatioD. the process is (2] endothermic/exothermic.
This means heat is (3) absorbed/emitted, and can thus be (4] circulated/conducted via the water
inside the radiators in the home.

A condensing boiler burns natural gas [hydrocarbon fuel) to (5) heat/cool water, just like a
conventional boiler. However, it achieves greater efficiency by recovering energy from water vapour.
This is present in the hot, waste gas that's produced when natural gas is burned. In a traditional
boiler the (6) heat/temperature energy from the gas, which is at a (7) heat/temperature of 180 °C
or more, would be (8) dissipated/radiated into the atmosphere by (?] conduction/convection, and
the water vapour within it would condense in the outside air. But in a condensing boiler the hot
gas passes through a [10) heat/temperature exchanger. This allows the heat from the gas to be
(11) absorbed/emitted by the cool water that's returning to the boiler after passing through the
radiators in the home’s (12) cooling/heating system — heat transfer takes place from hot gas to
cool water by (13) conduction/radiation through the metal of the heat exchanger. In addition, when
the temperature of the gas has fallen to a certain point, the water vapour within it (14) condenses/
solidifies. And it is this process that enables significant amounts of heat to be transferred, due to
the principle of (15) latent/specific heat.




INDUSTRIAL EQUIPMENT:
HEAT EXCHANGE



1. Read and translate the international words
Contact, natural, perpendicular, maximize, turbulence,
fluid, gas, conditioning, minimize, elastomer, design,
parallel, typical, channel, effective, configuration,
coefficient, construction, optimum, material.

2. Read and translate the verbs

To build, to mix, to classify, to enter, to design, to maximize,
to minimize, to affect, to consist of, to heat, to cool, to
differ, to stamp, to induce, to occupy.



3. Match the English word combinations in column A to their Russian equivalents in column B

e T o e S S T
ouswWNEO

LN WD R

A
heat exchanger
power plant
natural gas
parallel-flow heat exchanger
counter current
cross-flow heat exchanger
surface area
tube bundle
according to
flow arrangement
petroleum refinery
space heating
fluid
turbulence
corrugation
fin

a)
b)
c)
d)
e)
f)
g)
h)
i)
j)
k)

B
nrowaab NOBEPXHOCTH
NPOTUBOTOYHbIN
pudneHue
HedTenepepabaTbiBalOLLNIA 3aBOS,
oborpes NomeLLeHni
XNOKOCTb
pebpo
TYPOYNEHTHOCTb
TENI000MEHHMK
B COOTBETCTBUM C
Ny4oK Tpy©o
ANEeKTpoCcTaHuus
TenNoobMeEHHMK C napansenbHbIM TOKOM
TENNOOBMEHHMK C NEPEKPECTHBIM TOKOM
opraHu3auusi NnoToka
NPUPOOHbLIN ra3



4. Read and translate
A heat exchanger is a device built for efficient heat transfer from one fluid to another,

whether the fluids are separated by a solid wall so that they never mix, or the fluids are
directly contacted. They are widely used in petroleum refineries, chemical plants,
petrochemical plants, natural gas processing, refrigeration, power plants, air conditioning
and space heating.

Heat exchangers may be classified according to their flow arrangement. In parallel-flow
heat exchangers, the two fluids enter the exchanger at the same end, and travel in parallel
to one another to the other side. In counter-flow heat exchangers the fluids enter the
exchanger from opposite ends. The counter current design is most efficient, in that it can
transfer the most heat. In a cross-flow heat exchanger, the fluids travel roughly
perpendicular to one another through the exchanger.

For efficiency, heat exchangers are designed to maximize the surface area of the wall
between the two fluids, while minimizing resistance to fluid flow through the exchanger.
The exchanger's performance can also be affected by the addition of fins or corrugations in
one or both directions, which increase surface area and may channel fluid flow or induce
turbulence.



5. Choose the Russian equivalents for the types of heat exchangers

Types of Heat Exchangers Buabl TennooOMeHHbIX annapaTtoB
1) tube heat exchanger a) nNnacTUHYaTbIn TENNOOOMEHHUK
2) lumped heat exchanger b) Tpyb4aTbin TENTOOOMEHHUK
3) plate heat exchanger c) cnupanbHbIN TEMNNOOOMEHHNK
4) coiled heat exchanger d) opebpeHHbIN TENNOOOMEHHNK
5) spiral heat exchanger e) 3MeeBUKOBbIN TEMNNTOOOMEHHUK

6) finned heat exchanger f) 6noYHbIN TENNTOOOMEHHUK



6. Choose the following expressions to fill the gaps in the text:.

plates, tube bundle, plate heat exchanger, fins, tube heat exchanger, heat transfer,
surface.

A typical heat exchanger, usually for higher-pressure applications, is the
which consists of a series of tubes, through which one of the fluids runs. The
second fluid runs over the tubes to be heated or cooled. The set of tubes is called
, and may be composed of several types of tubes: plain, longitudinally
finned, etc. Another type of heat exchanger is the . One is composed of
multiple, thin, slightly-separated plates that have very large areas and
fluid flow passages for . This stacked-plate arrangement can be more
effective, in a given space, than the shell and tube heat exchanger. Plate heat
exchangers differ in the types of that are used, and their configurations.
Some plates may be stamped with “chevron” or other patterns, where others may
have machined and grooves.




7. Decide whether the statements below are true or false
according to the information in exercises 4 and 6

1.

Heat exchangers may be classified according to the
temperature of flow.

Fins and grooves on the heat exchanger surface intensify the
heat transfer process.

In parallel-flow heat exchangers, two fluids enter the exchanger
from opposite ends.

Tube heat exchanger is composed of multiple, thin,
slightly-separated plates that have very large surface areas.
Tube heat exchanger is usually used for higher-pressure
applications.



8. Read and translate

TennoobmMeHHbIM annapaT — YCTPOUCTBO, B KOTOPOM OCYLLECTBMSAETCS
nepegadya TennoTbl OT TrOpPsMEro TEMSIOHOCUTENS K XONIO4HOMY.

TennoHocntenaMm MoryT ObITb rasbl, napsbl, Xungkoctn. OgHUM 13 BUOOB
TEN00OMEHHbIX annapaTtoB SIBNSIOTCS KOXYyXOTpyb4yaTble

Tens1000MEHHNKU, OCHOBHbLIMUW 3f1IEMEHTAMM KOTOPbIX SBAAKOTCS My4dku Tpy6.
KoHubl TpyD KpenaTcs B TPYOHbIX peweTkax. [Ons yBennyeHma CKOpOCTU
OBWXEHNS TEMMNOHOCUTENEN C UENblo WMHTEHCUdUMKauMKM TennoobmeHa
Hepeako ycTaHaBnMBaOT NEePEropoaKkn, Kak n TpybHOM, Tak U MeEXTPYOHOM
npocTpaHcTBax. KoxyxoTpybyaTble TENNOOOMEHHUKNM  MOryT  OblTb
BEPTUKaNbHbIMU U TOPU3OHTarbHbIMU. KoXXyXxoTpybyaTble TeN1000MEHHNKN
HalWM  LUMPOKOE  MNPUMEHEHNE B XMMWYECKOW, 3HEpPreTuveckon,
MEeTanyprmieckon, NMLEBON U APYrMx OTpacnsax NPOMbILLNIEHHOCTH,



9. Read the text and name the main characteristics of plate and tube heat exchangers in the English
language

In forming a comparison between plate and tubular heat exchangers there are a number of guidelines
which will generally assist in the selection of the optimum exchanger for any application. In summary,

these are:

1.  Forliquid/liquid duties, the plate heat exchanger will usually give a higher overall heat transfer coefficient and in
many cases, the required pressure loss will be no higher.

2. The effective mean temperature difference will usually be higher with the plate heat exchanger.

3.  Although the tube is the best shape of flow conduit for withstanding pressure it is entirely the wrong shape for
optimum heat transfer performance since it has the smallest surface area per unit of cross-sectional flow area.

4. Because of the restrictions in the flow area of the ports on plate units it is usually difficult to produce economic
designs when it is necessary to handle large quantities of low-density fluids such as vapors and gases.

5. A plate heat exchanger will usually occupy far less floor space than a tubular for the same duty.

6. From a mechanical viewpoint, the plate passage is not the optimum, and gasketed plate units are not made to
withstand operating pressures much in excess of 20 kgf/cm?.

7. For most materials of construction, sheet metal for plates is less expensive per unit area than tube of the same
thickness.

8.  When materials other than mild steel are required, the plate will usually be more economical than the tube for the
application.

9. When mild steel construction is acceptable and when a closer temperature approach is not required, the tubular heat
exchanger will often be the most economic solution since the plate heat exchanger is rarely made in mild steel.

10. Plate heat exchanger use is limited by the elastomer gasket.



10. Find the English and the Russian equivalents for the following phrases

Tpyb4aTbIN TENTOOOMEHHUK heat-transfer agent

NMMCTOBOW MeTansn plate heat exchanger
nnowagb NoOBEPXHOCTH stacked-plate arrangement
CpaBHeHue elastomer gasket
orpaHnyeHus tube bundle

XUOKOCTU C Manow NrnoTHOCTbIO tube sheet

paboyee gasneHue shell side

TOnLwinHa overall heat transfer coefficient
KOHCTPYKUNS U3 ManoyrinepoancTon ctangressure loss

COCTOSITb N3 HECKONbKUX TPYO limited by

yrpaBnaThb



12. Answer the questions

1.

What types of heat exchangers do you know according to
their flow arrangement classification?

What type of heat exchangers is considered to be the most
effective?

How can you intensify the process of heat transfer in the
plate heat exchanger?

What is the main practical application of tubular heat
exchangers?

What are the differences between tubular and plate heat
exchangers?



13. Read and translate

1.
2.

B w

o0

10.

Shell and tube heat exchangers consist of a series of tubes which is called tube bundle.

Advances in gasket and brazing technology have made the plate-type heat exchanger increasingly
practical.

Plate heat exchangers differ in the types and configuration of plates.

Effects of fouling are more abundant in the cold tubes of the heat exchanger, than in the hot tubes.
Heat exchangers are widely used in industry both for cooling and heating large scale industrial
processes.

The selection of type and size of heat exchanger depends on the type of fluid, its phase,
temperature, density, viscosity, pressures, chemical composition and various other thermodynamic
properties.

Heat exchangers may be classified according to their flow arrangement.

The effective mean temperature difference will usually be higher with the plate heat exchanger.

In many industrial processes there is waste of energy or heat that is being exhausted, heat
exchangers can be used to recover this heat and put it to use by heating a different stream in the
process.

From a mechanical viewpoint, the plate passage is not the optimum, and gasketed plate units are not
made to withstand operating pressures much in excess of 20 kgf/cm?.



14. Read and translate

1. Tennoo®bMeHHWKM Nnoapas3nenstoT Ha NOBEPXHOCTHbIE, Ae OTCYTCTBYET HENOCPEACTBEHHbLIN
KOHTaKT TENSIOHOCUTENEN, U CMECUTESbHbIE, rAe TEMNOHOCUTENN KOHTAKTUPYIOT APYr C
OPYrom.

2. B nnactnHyaTtom TennoobmeHHnKe NOBEPXHOCTb TeNnoobmeHa obpasyeTcs
rodopnpoBaHHbIMW NapannenbHbIMU MNNacTUHAMMU.

3.  KnakocCTu, Mexay KOTopbIMU NMPONCXoauT TeNNOOOMEH, ABUXKYTCS B KaHanax Mmexay
nnacTuHamu.

4. KoMnakTHbIMU 1 3 PEKTUBHBIMU TENNOOOMEHHUKAMN CHUTAIOTCS TENNOOOMEHHUKN C
opebpeHHON NOBEPXHOCTLIO.

5. TennoobmMeHHble annapaTbl LUMPOKO MCNOSb3YTCA Ha HedhTenepepabaTbiBalomnxX 3aBogax, B
XUMUYECKOM NPOM3BOACTBE AN 00paboTKM NPUPOAHOIo ra3a, Ha SNEeKTPOCTaHUMSAX 1 ANs
KOHAWLMOHMPOBAHUSI U OTONSIEHUS MOMELLEHUMN.

6. YBenunyeHue nnowanm noBepPXHOCTU CTEHOK N YMEHbLUEHNE CONPOTUBIEHUS XNOKOCTN,
npoxoasuwen Yyepes Ten1oobMeHHbIN annapat, NO3BONST MHTEHCUAULMPOBATL NpoLecc
TennoobmeHa.

7. B TennoobmeHHMKax NPUMEHSIOTCA MeaHbIE TPYOKK, KOTOpble MEKOT opebpeHne BHELLHEN U
BHYTPEHHEN NOBEPXHOCTEMN.

8. OddeKkTUBHOCTb TENNonepeaayn NoBbILLAETCS 3a CHET OpedpEeHNst NOBEPXHOCTU
TennoobmeHa.

9. Mexay nnactuHamum TennoodMeHHUKa obpasyioTca KaHanbl, co3aarLwimne TypoyneHTHbIN



15. Read and translate

KoxxyxoTpyb4aTtbir TeENNO0OMEHHUK — plate hear exchanger — NPUPOAHLIN ras —
parallel-flow heat exchanger — nnowagb NOBEpPXHOCTU — cross-flow heat exchanger —
3NEKTPOCTaHUMS — counter current — My4oK TPYO — to occupy — OTNUYATLCS —
turbulence — 3MeeBNKOBbIN TEMNNTOOOMEHHUK — fins and grooves — 6Gr10YHbIN
TennoobmeHHUK — finned heat exchanger — UHTEHCMMKaLKMA npouecca
TennoodbmeHa — compose of — MEXTPYOHOE NPOCTPAHCTBO — sheet metal —
mMarnoyrnepogucrtas ctarnb — gasket — TenfioHocUTENb — according to.



