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Preface to the first German Edition

Heat transfer plants with organic media have often been able to replace or
improve the classic steam-water operation. The possibility of transferring and
closely controlling temperatures up to >300 °C has provided the heat transfer
media technology with many new fields of application.

This growing application of heat transfer plants with liquid heat transfer media
other than water has made it necessary to produce a summary of the specific
pecularities of this specialist field.

Heat transfer media are, in the widest sense, apart from.water and steam,
refrigerants, organic media, salt melts, liquid metals and hot gases. Only such
plants will be described in this specialist book of operational techniques which
have been primarily designed for the use of recirculating heat transfer media.

Because of the conversion of the standard systems from the “Technical Stan-
dard System” with the basic units of length (m), force (kp) and time (s) to the MKS
system wit the basic units of length {m), mass (kg) and time (s), a numerical
difference results from the change of the basic unit of force (mass times accele-
ration) to mass owing to the acceleration due to gravity of 9.81. This factor of about
10 can, however, result in a value of the constants completely different from those
in the usual equations because of the form and construction of the equation.

For this reason, the most important equations are given in both standard
systems, the equations of the old system being enclosed in vertical lines on both
sides | ... |. This also permits to work easily with tables based on the “Technical
Standard System”’,

The hydrodynamic and thermodynamic techniques are derived from the basic
theoretical equations in such a way that the values required in design and practice,
such as heat transfer coefficients, flow resistances, heat flow densities in the
furnace, elongation equalization lengths, etc., can be directly taken from diagrams.

I hope that this book provides, also by the presentation of the problem in equa-
tions and illustrations which are for the largest part the “language” of technology,

a genuine working basis for planning, expert advice and operation of heat transfer
plants.

Walter Wagner



Foreword to the Second English Edition

When the first edition of this book appeared in the summer of 1973, the first heat
transfer plants using organic media had just been successfully installed in industry.
Since then the technique has been developed further, new requirements and regu-
lations have been established, and new fields of aplication opened up. Among
others, the possibility of transferring and finely regulating heat up to and beyond
300 °C almost without increase in pressure is one of the main advantages of this
heat transfer technique. In addition to water and steam, refrigerants, organic media,
salt melts, liguid metals and hot gases are also considered heat transfer media in
an extended sense. In this specialized industrial technology book, however, the
systems described will be limited to those designed primarily for liquid circula-
tion of organic heat transfer media.

Up to the present, this book is still the only standard work which comprehen-
sively describes this technique.

The newest edition represents not only the most recent level of development of
the technique but also the latest status of the regulations, the knowledge of which
is essential for the planning, construction and operation of plants of this type.

The general principles on which heat transfer technology is based will not be
dealt with here in their full depth. For this purpose | have put together other publi-
cations of my own covering pipe technology, heat transfer, heat exchangers,
strength of materials calculations, flow and pressure losses, centrifugal pumps, as
well as an atlas of materials data.

Thanks to an active exchange of experience with manufacturers and operators,
it was not only possible to update this publication, but much of the actual prac-
tical experience itself was able to be worked into the text.

For this reason, in order to keep such a standard work up to date, it would be
important that suggestions and tips would continue to be forwarded to me (please
note my exact address on the bookmark).

Walter Wagner



Contents

0. Description of the most importantsymbols . . .......... .. ... . .. oot

1. Introduction .......................

2. Heat transfer media
General ......................
211 Waterand steam .........
21.2 Saltmelts ...............
213 Liquidmetals ............
Organic heat carriers ...........

21

2.2

3. Design of heat transfer plants

3.1
3.2

3.3

3.4

3.5

3.6

3.7

3.8

2.21 Thermal stability limits .. ..

222 Aging .......... . ...,
2.2.3 Solubility of gases ........
2.2.4 Corrosion behaviour ......

2.2.5 Heatcarriers on mineraloilbase ............... .. .. it

2.2.6 Synthetic heat carriers .. ...

2.2.7 Properties and methods of investigation .......................

228 Properties ...............
229 Assessment .............

2.2.10 Physiological properties, combustibility and removal .............
2.2.11 Selection criteria for organic heatcarriers ......................

2.212 Property tables ...........

Symbols, flow sheets and abbreviations ................... ... .. ...

Plant systems .................

3.21 Heat transfer by free convection .......... ... .. .. . ...
3.2.2 Heat transfer by natural convection .............. ... .. ... ...
3.2.3 Heat transfer by forced convection .............. .. ... ........
System design of plants with forced convection .. .....................

3.31 Pumpinflowline.........
3.3.2 Pumpinreturnline .......
3.3.3 Dualcircuitplant .........
System additions ..............
3.41 Overflowline ............

3.4.2 Flue gas temperature limiter

3.4.3 Leakagecontrol ..........
3.4.4 Additional equipment .....

Plant separation system to atmosphere . ... ....... ... ... .. .. . ...
3.5.1 Temperature curve in the expansionvessel .....................
3.56.2 Direct connection to atmosphere .......... ... ... .. .. . ...

3.5.3 Cold medium receiver .. ...
354 Inertgascover ...........

Heat carrier in the collection vessel

3.6.1 Ventinglines ............
Parallel connection of heaters . ...
3.71 Pumpsinfiowline ........
3.72 Pumpsinreturnline ......

3.73 Primary pump and secondary pump . ... ... it e e
Flow connecting possibilities of the heatconsumer . ...................

3.81 Overflowcontrol .........

3.8.2 Control with three-way valve



3.8.3 Subsidiary control circuit ............ ... . . i e 92

3.8.4 Heatingand coolingcircuit .......... ... ... ..o i 93
3.8.5 Primary and secondary circuit with mixing control of the consumer . 94

3.9 Additions and summary of the plantsystems ......................... 94
3.91 Point of installation of the three-way valve ...................... 94
3.9.2 Thermosyphon flow to heatconsumer ......................... 96

3.10 Selection criteria for the plant system ......... e 96
3.11 Plants with liquid and vaporous heatcarrier .......................... 97
312 Plantdata . ...t e et 101
3.13 System performance curveoftheplant..._.......................... 105
314 Safety eqUIPMENt ... ... i e e e et 107
4, Fundamentals of heat and flow ...... e e e e 116
41 Flowrateof heatcarrier ... .. ... ... ittt i 116
4.2 Pressure losses on the heat carrierside . ............................ 118
427 Flowforms . ... e e s 118
4,22 PressUre l0SS .. .ov vttt et et e e e e e 121
4.2.21 Determination of the resistance coefficient ............... 121

43 Fundamentalsofheat .......... ... ... . . . 134
431 Heatconduction ......... ...ttt e it ennaaeenn 135
4.3.2 Heattransfer ........... .. i i i i 136
433 Heatradiation . ......... ... ... . 148
4.3.3.1 Radiation of technical surfaces ......................... 149

4.3.3.2 Radiationofgases ............... i 149

4.3.3.3 Radiationexchange ............. ittt inninninannnns 152

4.3.3.4 Heattransfer by radiation ............................. 154

4.34 Overallheattransfer .......... ..o i 156
435 Heattransfer ........ ... it i i 157

B Heaters ... e et 161
51 Electricheaters ... ... ...t et e e s 161
5.1.1 Electric heaters in containerdesign ........... ... ..o i, 161

5.1.2 Electric heaters withtube system .......................... ... 162

513 Heatingelements ........ ... ... i 162

5.1.4 Heating elementinstallation .................. ... ... ... ... 164

5.1.6 Electric heaterdesigns ..............iiiiirirrrrninennannns 166

5.2 Directlyfiredheaters ......... ... i e 168
5.21 Combustion ..........c.iiiiii i e, 168
5.2.2 Combustiontemperature . ..............i it innnennnnneans 172
5.2.3 Heatreleaseintheflamezone .............. .. ... .. ... 174
5.2.4 Maximum flametemperature ............ ... .t 177
5.25 Flame dimensions ........ ... ... . ittt 177
5.2.6 Determination of the individual heat flux densities ............... 183
5.2.7 Furnaceexittemperature . ... .... ... ...t nnnennnnn 189
5.2.8 Heat uptake in the flame zone by the heat carrier ................ 191
5.2.9 Designs of directly heated heaters .. .......................... 196

5.3 Heaterheated by hotgases .......... ... ... it iiinnnnnnann. 206
5.4 Heaters with externalfurnaces . ........... . s 206
5.5 Heaterperformancefield .......... ... i 206
5.5.1 Electrically heated heaters . . ........... ... ... i, 206
5.5.2 Directlyfiredheaters .......... ... i 209

5.6 Example of calculation of the highest film temperature in the heater ...... 210
6. Plantcomponents ........ ... ... i e s 219
61 Heating ... ..ot e e e e 219



611 Liquidfuels ... ... .. e 219

6.1.2 Gaseousfuels ....... ... .. e 233
6.1.3 Performance values of burnerplants .......................... 237
6.2 Circulating PUMPS . ... i ittt it e e e 239
6.21 Powerrequirements . .. ... ...t e 239
6.2.2 Pump SysStemMs .. ... it e s 241
6.2.3 Performance fields of centrifugal pumps ............ ... ....... 245
6.2.4 Plant performance curve ........... ... it 248
6.2.56 Influences on the pump performancecurve ..................... 250
6.2.6 Cooperation of several centrifugal pums . ...................... 254
6.2.7 Determination of the operational point of the plant built .. ......... 255
6.2.8 Guaranteedvalues ........... ..ottt ittt 266
6.2.9 Types of heat carrier circulatingpumps ........................ 266
6.2.91 Standard pUMPS . ... it e e 270
6.2.10 General advice on pump installation ..................c....... 280
6.3 Fittings . ..ottt e 283
B8.3.1 Stopvalves .........coiii e e 283
6.32 Gatevalves ... ...ttt e, 290
6.33 Returnvalves ........ ... .. i i i i s 291
6.3.4 Dirtcatchers ... it i i i s 294
6.3.5 Control fittings . ... ...t e e e 295
6.3.6 Safetyvalves ....... ... . .. i e, 303
6.3.7 Burstdisks ........ .. . i s 304
6.3.8 Dimensioning of safetydevices ............... ..., 305
6.3.9 Typesofjointfitings ......... ittt ittt 310
6.3.10 Dimensions and marking of fittings ........................... 310
6.4 Pipelines . ... .. i e e 310
6.4 PIpeS ...t e e 3N
6.4.2 Pipe elongation equalization ............ ... ... .. ... ... 316
6.4.3 EXpansion Joints . .........c..iiii i e 327
6.4.4 Pipe supports and attachments .................... ... ... .... 334
6.45 Pipejoints ...... ... i e 339
6.451 Welded joints ............ .. i, 339
6.4.5.2 Flangedjoints ............. .. .ttt iinenennnnnnn. 341
6.4.6 Insulation ............ . . ... i 352
6.4.7 Pipelinemarking ........... .. i i i e e 359
6.5 VeSSels ... e e e e 360
6.5.1 Expansionvessel ......... . ... ., 360
6.5.2 Collection vessel ...... ... . . . . it ittt 362
6.5.3 Storagewvessels ......................... e 362
6.5.4 Vessel design and dimensioning ............ ... .. .. ... .. . ... 362
sHeatconsumers ............. i e 366
71 Determination of the heatrequirement .............. ... ... ... ... .... 366

711 Continuous heating processes of media not changing their condition
of state ... ... e e e 366

71.2  Continuous heating processes of media changing their condition of

State ... e e e s 366
71.3 Discontinuous heating processes . .........c.c.iiueienvinnennnnnn 367
72 Generaldesign rules .. ... ...ttt e e e 368
73 AIrheaters .. ......ci ittt it e e e e 370
7.4 Stirrer vessels, containersandtanks ............ .. ... . . .o oo 371
75 Heatexchangers . ............ it et 374
76 Steam generators . ... ..... ...ttt e e e e 374



77 Hottapwaterheaters .......... ... .. ... . ittt 378
78 Cylinderheating ........ ...ttt it e i 378
79 Pressheating .......... it i i e e 383
710 Heat consumers by fields of application ............................. 386
8. Measuring, control and circuittechnique ... ......... .. ... .. ... .. ... .. 389
81 Measuringtechnique ........ ... i iiiiiiariii i 389
811 Temperature measuremMent . ... .......c.u e rnnirrennnnennns 389

8.1.2 Pressure measuUremMent .. ...........oiitieinreennnennnneennnn 392

8.1.3 Level measurement .......... ... ...ttt e 392

814 Flowmeasurement ............. ...t iiiitriiiinranne.a.. 393

8.2 Controltechnique ......... ... . . .. e 403
8.2 General .. ... ... e e e e e i 403
8.2.2 Control with two-point controller and burner adjustment .......... 404
8.2.3 Consumercontrol . ..........c.iiiiiiiii it i i e 405
8.2.3.1 Consumer control by three-way control valves ............ 406

8.2.3.2 Consumer control by straight flow control valves .......... 407

8.2.3.3 Control with constant flow rate through the consumer ... ... 410

8.3 Limitationtechnique ........ ... ... . . . . . i e 41
8.4 Circulttechnique . ... .. ... . i e 412
8.4.1 Flowofcurrentdiagram .......... ..ttt irinrnrernnnenas 413
8.4.2 Networkconnection .. ......... .. ittt nrenennnnn. 416
8.4.3 Contactor controls . ....... ..ttt ittt 417
8.4.4 Motor protection . ... ... .. it ettt e e e 418
8.4.5 Motor protectionswitches . ............... ... .. ... 420
8.4.6 Protective disconnection of main and control circuit .............. 422
8.4.7 Planning bases for three-phase motors ........................ 422
8.4.8 Insulatedconductors .......... ...t 426
8.4.9 Description of a current flow diagram ......................... 428
8.4.10 Automatic oil firing switch .......... ... ... ... .. i i, 432
8411 Light sensor .. ... it ittt e e e e 435

9. Installation spegcifications . .......... ... ... .. ... . . ... 437
9.1 Installationofthe heaters . ...... ... ... ... . . iiiiiiiiiiinannnns 437
9.2 Heaterroom specifications .. ... ...ttt 437
9.21 Heaterroom arrangement ... .......c.ceteeeeerernennnanannnan 437
9.2.2 Heaterroomdesign ........... ... ... it e 437
9.2.3 Heaterroom designexample ..............ciiiiiiiiiiienn. 441

9.3 StaCKsS ...t e e e e 441
9.3.1 Emission and immission ............. . . ..ot 441
9.3.2 Determination of the cross-section ... .......... ... . iiiinnnn 442
9.3.3 Planning aids . ... .o e e i e e e 443

10. Operation of heattransferplants ............... ... ... ... ... ... ......... 446
10.1 AcceptancCe test . . ... i ittt i e e e e 446
10.2 Cleaning ... ..ottt e e e 446
10.3 Tightnesstest . ... ..o i it e et e 446
10.4 Filling of the plant with heat carrier and pressuretest .................. 447
10.5 Functioningtest ....... ... ittt e 448
10.6 COMMISSIONING ... ottt ittt et ettt 449
10.7 Recordof measurements . ......... ... it iriiirrtnrnrnnnannnnnns 450
10.8 Shutting-down . ... . ... . e e 450
10.9 MaintenanCe . .. ..ttt it it it e e 450
10.9.1 Heatcarmier . ... ...ttt i e ettt ceennannns 451

10.9.2 Heater ... it i it i et e ettt e e e 452



10.9.3 Safety apparatls . .. ..ottt ittt it ettt s 452

10.94 Tightness of plant ......... ... i i e 453

10.9.5 Plant components ... ...ttt enrnnnnn 453

1010 REPairs .o i i ittt e e e e 454

11. Laws, decrees, regulations, standards and specifications ... ................. 455
111 Equipment Safety Statute ......... ... ... 455
11.2 Ordinance Concerning Pressure . .............ciiiiiiiininanennnnnn 455
11.3 Accident Prevention Regulation (VBG 64) ........... ... ... ... 459
1.4 Technicalrules ......... .. i et e 459
11.41 TheDIN 4754 Standard . ..........c. it eei e 459

11.4.2 VDI Specification 3033 . ... .. ...t e 460

11.4.3 Technical rules for pressure vessels (pressure vessel data sheets) .. 460

11.6 Additional statutes and ordinances . ........... ... . . i i 463
11.6.1 Statute on Water Conservation (WHG) (Wasserhaushaltsgesetz) .... 463

11.56.2 Tests in accordance with the equipment safety statute (GSiG) ...... 464

12. Examples of actual heat transferplants .................. ... ... ... ...... 465
121 Refinery heating ....... ... .. . i i i i i e 465
12.2 Galvanizingtankheating ......... .. it 467
12.3 Heating of a blood meal production .......... .. ... ... ... ... ... ... 479
12.4 Heat transfer plants in the building and concrete industry .............. 481
12.41 Heatingfundamentals . ........... ... ... ... ... .. . ... 481

12.4.2 Practical execution of the heating ............................ 484

12.5 Heat transfer plants in marineoperation . . . ............ ... .. 487
1261 Fundamentals . ..........oiiiinit it e e 487

12.5.2 Heating ofacontainership . . ......... ... i 490

12.6 Heat transfer plants for heating and cooling processes . ................ 492
12.6.1 General .. ... .. e e 492

12.6.2 Heating and coolingofastirrer ............ ... ... ... 493

12.7 Heating of coating machines ......... ... .. oot 495
12.8 Heating of driersincoatingplants ..............ii it innennnnn 496
12.9 Heating of a fibre board works withwoodwaste ...................... 500
12.10 Heat transfer plants in the textile industry ........................... 505
12.11 Heating system for drying during impregnation and coating of paper ..... 508
12.12 Heat recovery in thermal burning-out by organic heat carrier media ...... 511

13. Units and conversiontables .............. ... . ... ... i, 515
14, References . ....... .. ittt it e i e e 539
141 References to the sectionsinthebook ........ ... ... ... ... ... ... ..., 539
14.2 References to heat transfer media technology ........................ 541

15. Comparison of German and foreign rules and standards .................... 550
1510 Mineraloil standards .. .......... .. i e 550
15.2 Identification letters for the measuring, regulating and control technique .. 553
15.3 Pipeline components and materials ................ .. ... 0., 555
15.4 Electrotechnique . .......c ittt e i i ittt e e et et 566

16. Subject indeX . .. ... ... e e e 590
Appendix: Properties of Organic Heat Carriers .............................. 595 ff.



X

0. Description of the most important Symbols

The following most important symbols are used, in principle, whereever possible,
deviations from these symbols are aiways indicated at the relevant equations and

illustrations.
Symbol Description Unit Remarks
A area, area of cross-section m?
B B amount of fuel kg
B fuel flow rate kg/s
o C radiation constant W/ (m2K?)
C. radiation constant of black
body W/ (m2K?) C. = 5,67 W/{(m2K*)
D diameter m
E E modulus of elasticity Pa preferred; N/mm?
E energy J ’
F force N
G force of weight N G=m-g
H H head, loss of head m
H, gross calorific value J/kg
H, net calorific value J/kg
| | geometrical moment of inertia m*
| momentum Ns
| current A
L length m
M moment Nm
0 surface m?
P output w 1TW=1J/s
Q Q amount of heat J 1J =1Ws
Q heat flux w
R specific gas constant J/(kg K}
S safety factor -
T thermodynamic temperature K
U U circumference m
U voltage \%
\Y \ volume m?
\Y flow rate m3/s
w w work J
w resistance moment m?
a a acceleration m/s?
a temperature conductivity m?/s
c c specific thermal capacity J/(kg K)
c spring coefficient N/m
d diameter m
f f factor -
f frequency Hz 1Hz=1/s
g acceleration due to gravity m/s? g = 9,80665 m/s?
h h enthalpy J/kg
h height m
i radius of moment of inertia m



k k overall heat transfer coefficient W/{m3K}
k height of tube roughness m
m m mass kg
m mass flow kg/s
m opening ratio -
n n number of revolutions 1/s
n air ratio -
p pressure Pa 1Pa = 1 N/m?
q heat flux density wW/m?
r r specific evaporation enthalpy J/kg
r radius m
s layer thickness, wall thickness m
t time s
% specific volume m3/kg v=1/p
w velocity m/s
z z decomposition rate kg/s
a a coefficient of longitudinal elongation 1/K
a flow rate -
o heat transfer coefficient W/(m?2K)
g B volumetric expansion coefficient 1/K
g angle -
] thickness of boundary layer m
€ € emission ratio -
€ elongation -
g resistance coefficient -
gyl gyl dynamic viscosity Pas
n efficiency -
? temperature °Celsius °C
A A thermal conductivity W/(m K)
A ratio of slenderness -
A tube friction coefficient -
u friction coefficient -
v kinematic viscosity m?/s
0 density kg/m?®
o o tension, stress N/m?
[} surface tension N/m
T sheer stress, shear strain N/m?




Characteristic Quantities

Bi Biot number

I

Gr Grashof number

Nu Nusselt number = —

Pe Péclet number =

I

Pr Prandtl number =

I

Re Reynolds number

Data are required for the unambigious description of a characteristic quantity, how the cha-
racteristic quantity used is defined and the temperature on which the properties are based.

Signs

A difference
a differential
b3 sum

Superior Indicator

— mean, average

quantity referred to time
maximum

minimum

alternating

liquid phase

vapour phase

<>

Inferior Indicator

F flame

Fl liquid, fluid

G gas

Gr boundary layer

K convection

L air, longitudinal, laminar
N rated value

Q cross-section

R return

%gm§<4m

ges

log

proj
th

=|—CPE‘<><C:

g N=O

radiation
turbulent

flow, loss

wall

external
equivalent
dynamic

total

hydraulic
internal
logarithmic
normal condition
projected
theoretical, thermal
overpressure
direction
direction
permissible
relating to temperature
vertical

parallel

initial value
start, inlet

end, outlet
infinite



1. Introduction

Many technical processes require heating of the product to temperatures above
the ambient temperature. Fundamentally, a distinction is made between two
types of heating possibilities.

Direct Heating: The product is mainly and directly heated from outside by
combustion gases or electric heating elements (Fig. 1.1).

Indirect Heating: A recirculating heat transfer medium (the so-called ""heat car-
rier”) is used between heater and heat consumer (Fig. 1.2). This type of heating
presents the basic principle of a heat transfer plant.

t

heat consumer

[
ol

lnl‘l

(i

|

|

Fig. 1.1 Direct Heating

heater

heat carrier heat consumer

flow -

heat carrier circuit

-

:2:, : g 1 return

heater

Fig. 1.2 Indirect Heating

A heat transfer plant is a plant in which the heat carrier flows (from the heater
to the heat consumer and back) between boundary walls at which heat is neither
added nor removed (with the exception of natural losses). This intermediate
boundary system for the transport of the heat carrier defines the basis of the heat
transfer plants described in this book.

Plants containing a heat carrier medium but in which one of the boundary walls
of the medium is simultaneously a heat transfer surface to the heat consumer are
thus not to be termed heat transfer plants. )



1. Introduction

Fig. 1.3 Heating with Contact Medium

An example of such a system is the heating shown in (Fig. 1.3). The contact
liquid in the double jacket is electrically heated, flows upward by natural buoyancy
and is cooled at the boundary wall. This does not meet the definition of a heat
transfer plant and, in this case, it is not a heat carrier medium but a contact
medium and not a heat transfer plant but a heat exchanger.

The Advantages of a Heat Transfer Plant in General Compared with the Directly
Heated Plant

1

3.

11

12.

13.

. local overheating of the product to be heated is avoided.
2.

the temperature of the product can be controlled very accurately and uni-
formly. The flow temperature can also be adapted to the requirements.

a heater in the immediate neighbourhood of the consumer is not required
(production safety rules with regard to ignition and explosion risk).

. the heater can be arranged centrally and the heat transferred through the heat

carrier circuit to one or several consumer points.

. the efficiency of the centrally heated plant is higher than that of individual

directly heated consumers.

. feeding of fuel to each firing point and installation of flue gas chimneys are

saved compared with individually fired plants.

. direct firing of individual consumers necessitates large maintenance expendi-

ture.

. the heat transfer conditions can be optimized at the consumer.
. heating and cooling processes can be carried out with the same heat carrier.
. storage of heat energy is possible. This is advantageous where heat require-

ments fluctuate strongly with high short-term peak loads.

. a central or local transformation to warm or hot water in heat exchangers, to

steam in steam generators or hot air in air heaters is possibie.

a conversion of the fuel system at the directly fired consumer to another fuel is
very expensive.

the thickness of insulation at the consumer can be kept small and local excess
temperatures at heat conducting bridges can be avoided.

The heating of heat consumers by a recirculating heat carrier has found wide
acceptance because of these advantages of the indirectly heated plant (Fig. 1.4).
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expansion
vessel

Cooler

N

feedline — L.

I

heater

—_—

> =

~«f— | return line

©

vapor generator heat transfer gas heater heating from heating and
{e.g. steam unit {ex.: (ex.: air solid materials cooling
generator hotwater heater) heater) (ex.: pressed wood)  {ex.: autoclave
Heat generation: Qo Electrical Electrical resistance
heating
direct, by means of: Solid materials: Wood
heating oil: EL Coal, etc.
M indirect, by means of: liquids
S gases
gases: Natural Gas vapors

synthetic gas

Fig. 1.4 Basic Design of a HeatTransfer Plant



2. Heét Transfer Media

2.1 General

To utilize the advantages of indirect heating by heat transfer media for many
applications, heat carriers are used which are liquid or vaporous under operational
conditions.

During operation with vaporous heat carriers overpressure is generated and
separating systems are required for evaporation and condensation so that this
system is applied only there where a liquid recirculation plant is uneconomic.

The Main Requirements for Heat Carrier Media are

. high start of boiling at atmospheric pressure

. low solidification temperature

. good thermal stability

. low viscosity over the whole temperature range (also in the startup condition)

. good heat transfer properties

. high specific evaporation enthalpy {(when used as vapour)

. low corrosion tendency for the materials of the apparatus

. non-toxic and non-smelly

. low sensitivity to impurities {e.g. oxygen)

10. low fire risk

11. low risk to the environment on leakage

12. possibility of easy destruction {passing used material into the natural circula-
tion circuit)

13. economic purchase price.

OCANINLAWN=

There is no medium meeting all requirements to a high degree. The heat carrier
must therefore be selected for the given operating conditions making possible the
best compromise and the most economic solution. Data of the currently most
frequently used heat transfer media in the various temperature ranges are given in
Fig. 2.1.

2.1.1 Water and Steam

Water is the most widely used and best known heat transfer medium. For the
temperature range of 0 to 100 °C water is the ideal heat carrier because it has
optimum properties in this range (compared with other heat carriers), i.e.

- evaporation temperature at atmospheric pressure = 100 °C

— freezing temperature = 0°C

— high specific heat capacity ¢ - o = 4200 kJ/(m3K)

—very high thermal conductivity L = 0.6 W/{mK)

— low viscosity v=1-10"%m?/sat20°C

— economic application conditions, e.g. cheap, non-toxic, etc.

At temperatures above 100 °C the heat carrier circuit must be pressurized
(Fig. 2.2). This requires, already at 200 °C, a pressure-resistant plant designed for
about 16 bar at least.
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Expensive pressurized plants are therefore required necessitating extensive
safety measures. Because of the high evaporation enthalpy of water of 2257.3
kJ/kg at 100 °C and the large heat transportability steam is generally preferred as
heat carrier instead of water from about 150 °C despite the condensate network

required.
900
or
© water aﬁd steam
800 ———— @ glycolic heat transfer media (pressure-less)
® heat transfer media on mineral oil base
@ synthetic organic heat transfer media (pressure less)
® synthetic organic heat transfer media (liquid and vaporous)
® silicon oils {equal pressure})
700 ——— @ salt melts (pressure-less)
liquid metals (pressure-less)
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lower working range: viscosity 5 - 10° m?%s with overpressure
-100

Fig. 2.1 Temperature Ranges of Liquid and Vaporous HeatTransfer Media

* On account of the limited increase in viscosity at low temperatures, in the case of silicon oils the wor-
king range can be lowered further.
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Problems of corrosion, deposits and scaling occur in water and steam plants
requiring water preparation plants because completely pure water does not exist
in nature. Raw water and water supplied by waterworks always contains a more or
less large number of admixtures and impurities. Water dissociates these impu-
rites such as salts, acids and bases into ions.

The gases dissolved in the water, such as oxygen (O,) and carbon dioxide {CO,)}
are mainly responsible for the corrosion. The “pH’’, a measure of the hydrogen
ion concentration in agueous solutions, serves the assessment of the corrosion
supporting behaviour of water. The cause of corrosion is the same in all cases
despite the many-sided corrosion phenomena: the corroding metal strives to
change back into its chemical compound.

The scaling of the materials of the apparatus is due to the fact that boiler scale
is formed on the walls on heating the water, particularly above 100 °C, which
reduces the heat transfer and narrows the cross-section. Its cause is the salt
content (dissolved salts of calcium and magnesium) of the water. A measure of the
salt content is the “hardness’’. Further properties cf. [2.1].

Steam

It differs from gases only by being easily liquified. The equation of state for the
ideal gas p - v = R - T is valid only for steam at low pressure and high tempera-
ture. Further properties cf. e.g. [2.2].

2.1.2 Salt Melts

Salt melts are increasingly used as heat carriers in the temperature range of
400 to 550 °C.
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