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Steelmaking — Automation

Controlling the water
temperature in the
primary de-dusting

systems of EAFs

4
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Metallic surfaces nowadays are provided
increasingly with coatings, such as paint films,
thermoplastics or metallic platings. Melting down
such treated steel scrap presents numerous melt
shop operators with the problem of corrosion that
shortens the life of their de-dusting systems.

An effective possibility of protecting water-cooled
boiler-tube-type de-dusting systems from the
release of corrosive off-gas constituents is offered
by Temperature Level Control (TLC) in a
closed-circuit cooling system.

This concept can be applied not only to new

constructions, but also in the modification of.

existing facilities.

The present article is intended to inform mainly
about the metrological aspects of TLC, taking as
an example the medernisation of the primary
de-dusting system and conversion of the
conventional cold water cooling system to a
closed-circuit re-cooling system at
Lech-Stahlwerke in Herbertshofen, Germany.

Dipl.-ing. Qalf Huscher, President and CEC; Dipl.-Ing. Jérg
Teschner, Project Engineer, KSK Kuhlmann-System-Kiihl-
technik GmbH, Haltern am See, Germany.
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Lech-Stahlwerke, one of Germany’s leading steel recy-
clers, has been making diverse bar steel products gxclusive-
ly from steel scrap since 1972. Its crude steel output,
amounting to 1 million t/year, is produced in two electric
arc furnaces (EAFSs) that have an installed load of 40 and 65
MVA, and a heat size of 70 t. Additional energy is intro-
duced through carbon injection and natural-gas burners.
The furnace upper shell and roof linings are water-cooled.

Situation prior to the modernisation

With the aim of boosting the melt shop productivity, in
1999 modernisation work was commenced on one ol the
identically designed-electric arc furnaces at Lech-Stahl-
werke. The transformer capacily was increased [rom 40
MVA to 65 MVA. In addition, the energy input was aug-
mented through the installation of gas burners and carbon
injectors. As a result of these measures it was possible to re-
duce the tap-to-tap time by 20%. _

Melting operations conlinued for the time being with the
existing de-dusting system. With this system, the [urnace
off-gases were drawn off through the roof elbow into a wa-
ter-cooled exhaust duct. The exhaust duct led into a water-
cooled boiler-tube-type primary separator. Located be-
tween the exhaust duct and roof elbow was an annular gap,
via which atmospheric air wasdrawn-in under controlled
conditions into the cylindrical combustion chamber for the
post-combustion of the CO in the off-gas. The width of the
annular gap was adjustable, so that it was possible to regu-
late the amount of exhausted off-gas in relation to atmos-
pheric air.

Primary cleaning of the furnace off-gases took place in
the primary separator by reducing the gas velocity through
the expansion of the gas volume. Flow turbulence was in-
duced in the combustion chamber under controlled condi-
tions by swirling the off-gases.

After the post-combustion of the CO and the primary de-
dusting, the furnace olf-gas was conducted via a hot-gas line
comprising a cooled and a non-cooled line section, firstly to
an air cooler and then to a bag filter plant.

The waler-cooled components of the primary de-dusting
equipment were supplied with "cold* cooling water from
an open-circuil cooling system. The heat was dissipated
from the cooling medium by means of cascade coolers.

Limits of the existing system
¥ 11:1 the course ol operating the EAFs with a higher melt-
ing rate, it became evident that the existing de-dusting sys-
tem had to be adjusted to the changed conditions of an in-
creased ofl-gas quantity and higher ofl-gas temperatures.
The system’s primary separator did not have an adequate
volume to cope with the 30% growth in the olf-gas quantity.
Coarse dust removal in the primary separator deteriorat-
ed as a consequence of the increased ofl-gas velocity and
shifted into the cooled hot-gas line. The high dust content of
the off-gas on leaving the combustion chamber led to great-
ly non-uniform thermal loading about the line’s circumfer-
ence. An insulating layer of dust formed on Lhe piping inte-
rior bottom, while the upper regions were subjected to
many times higher temperatures. Diflerent stress ratios
within the line were the outcome.
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The increased off-gas temperatures at the air cooler out-
jet made conditions for the gas cleaning process in the bag
filter plant more difficult. When the [urnace was operating
at maximum melting rate, the dissipation of the heat from
the off-gas via the water-cooled primary de-dusting system
components and air coolers was insufficient to reduce the
pas temperature Lo the maximum inlet temperature permis-
sible for the filter plant.

The temperature reduction necessary to protect the filter
plant was realised by means of atmospheric air drawn in via
an emergency damper. Opening the atmospheric-air
damper, however, retroactively influenced the rate at which
the furnace off-gases were directly exhausted. A visible sign
of the exhaust rate being too low was when fumes billowed
out ol the furnace shell.

Added to this, there were increased signs of heavy corro-
sion and degradation inside the hot-gas line, caused by the
furnace off-gas temperature f{alling below the dew point lo-
cally.

Overlemperature

The removal of the dust and post-combustion of the CO
should take place in the combustion chamber. Proven cor)-
cepls, such as an adjustable atmospheric-air gap on the ex-
haust duct and controlled gas turbulence in the combustion
chamber, should be adopted. To improve the dissipation of
heat via the primary de-dusting system it was necessary (o
dimension the cooling surface of the combustion chamber,
the hot-gas line diameter and the length of the line for a de-
fined outlet temperature. A small number of diverse spare
parts had to be kept in stock which should be easily access-
ible and simple to replace. To improve the possibility of
cleaning, there should be good accessibility for heavy clear-
ing equipment. Temperature Level Control of the cooling
water should be implemented in order to avoid dew-point
corrosion and thereby prolong the life of the cooled com-
ponents, For measurement and monitoring purposes, suit-
able measurable variables, measuring points and measuring
techniques should be selected for operation of the [eedback
control circuit.

The gas cooler, suction plant and
closed-circuit  cooling  equipment
were to be modernised with the fol-
lowing requirements in mind:

Enlargement of the gas cooler to
ensure adequate reduction of the off-
gas temperature before the gas enters
the filters, without opening the emer-
gency damper.

Enlargement ol the suction plant,

{ "H‘;‘” \ involving an increase of the exhaust
(TR Ovariemperature rale to cope with the maximum
| BRI amount of ofl-gas generated by the
Cooler T~ |[Conirolied system]| /gy, Overtemperature furnace and upgrading of the filter
@/ ) Cicait |-y —>> plant. : =
- Conversion of the existing open-
circuit cooling system Lo a closed-cir-
Signal Tacual valug cuil re-cooling arrangement and in-
T AL - SeRpoinT stallation of a feedback control circuit
The hot-gas line Controller Y Matcher |, generator for temperature level control of the
is cooled accord- 11 Teetpoint cooling water.
i"? t‘_’ The uniflow L[ Faultalarm, main return ling ———J4d
principle Jromie? )
Fouli lamm, o proney Stage-by-stage modernisation of

L Faultalarm, tiiabla duct |7

the de-dusting system

The Temperature Level Control concept encompasses all

the water-cooled components

Lech-Stahlwerke logged and assessed these increasing
problems and, in co-operation with KSK, drew up improve-
ment measures without delay.

Objective of the modernisation

Al the beginning of the year 2000, the decision was laken
to modernise the de-dusting system completely.

KSK Kuhlmann-System-Kiihltechnik, Haltern, Ger-
many, was commissioned to supply the water-cooled system
components and actively took part in the implementation
and start-up of the Temperature Level Control concepl.

Certain preconditions relating to the primary de-dusting
stage had to be met: -
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Status  1999/2000. A water-cooled

primary separator with connecting

» hot-gas line, comprising a cooled and

SRS a non-cooled line component, was in-

stalled:

Both system components were divided into sections, with

the cooling water being supplied from an open-circuit cool-
ing network.

Status from June 2000 onwards. A new and larger-vol-
ume combustion chamber, comprising a water-cooled sup-
porting structure and individual sectionalised panels, was
installed.

The chamber was connected via an adapter to the exist-
ing hot-gas line (1400 mm dia.). A closed-circuit re-cooling
sysiem was installed to supply cooling water to the primary
gas de-dusting system and preparalions were made for the
realisation of a feedback circuit to control the cooling water
lemperature.
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The feedback control circuit was not used until the hot-
gas line was replaced the following year and the compo-
nents were operated with cold water until June 2001.

Status since June 2001. A new, enlarged-diameter hot-
gas line comprising a cooled and a non-cooled length has
been installed.

Compared with the original structure, the inside diam-
eter of the line has been increased from 1400 mm to 1750
mm and the water-cooled length of the line extended. The
Mow through the multi-length line no longer takes place on
a section-by-section basis, but according to the "unifllow”

Circuit 2

The volumetric capacity ol the chamber has been greatly
enlarged compared with its predecessor and measures
around 140 m®. As a result of the gas expansion, the gas ve-
locity decreases and dust and slag components are separat-
ed out. -

A replaceable swirl-promoting body protrudes from the
furnace-side roof panel into the stream of gas. This gener-
ates friction losses through flow turbulence and thus brings
about a further reduction of the gas velocity. This measure
is prolonging the residence time of the off-gas in the cham-
ber. The off-gas leaves the chamber through a round open-
ing in the rear roof panel and flows via a swirl promoter into
the hot-gas line.

For cleaning purposes,.the

EAF
{with open-circuit
cooling system)

L Gireuit 3 (V)

' Closed-circuit cooling syslem

combustion chamber can be
accessed with heavy clearing
equipment via an electrically
operated vertical-lift door.
A further feature of the
structure is the furnace-side
exhaust duct, which is tilted
pneumatically into the com-
bustion chamber when the
furnace roof is swung aside.
The water-cooled panels
and other installed chamber

d H D

to —elemenils are fabricated

air cogler, e L
bag fiter plant. from boiler tube material

Circuit 1 (R)

exhaust fan, P235G1TH (1.0305). All of

stack the cooled parts are replace-

<
~
<l
-

Circuit 2 {R)

Measuring apparatus for:
(T) Temperature

(P) Pressure
(F) Flow rate

Circuit 1 Hot gas line (forward section)

Circuit 2 Combustion chamber, swirl promoter, hot-gas line
(rear section)

Circuit 3 Tiltable duct

able, with the number of dif-
ferent parts kept to a mini-
mum.

Larger hot-gas line

Three cooling circuits cool the tiltable duct, combustion chamber and hot-gas line

principle. The feedback control circuit for the cooling water
temperature of the combustion chamber and hot-gas line
has been functioning successfully since being put into oper-
ation. The de-dusting system has been completely mod-
ernised and, besides having a more powerlful gas cooler, the
system is equipped with enlarged suction and filter arrange-
ments.

More effective combustion chamber

The new rectangular combustion chamber comprises a
brick-lined bottom section and a water-cooled top section.
An important component of the structure is a solid steel
framework with replaceable panels of tubular design. The
panels and also the steel supporting structure are water-
cooled, with the supporting structure serving to distribute
the cooling water and hold the panels in place.

The off-gas is drawn-off via an opening in the [urnace
roofl into an oval elbow. Downstream of an adjustable an-
nular gap designed for the controlled addition of atmos-
pheric air, the off-gas flows through a horizontal exhaust
duct into the combustion chamber. The post-combustion of
CO components in the off-gas already begins lo take place
in the exhaust duct due to the high gas temperature and
conlinues in thé combustion chamber.
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The water-cooled part of

the new hot-gas line com-

prises four straight lengths of pipe and two 90° pipe elbows.

The inside diameter of the line has been enlarged from 1400

to 1750, mm, Each length of the line has a ring-shaped dis-
tributor and collector at its start and end, respectively.

The hot-gas line is a tube-fin construction in tubular ma-
terial P235G1TH (1.0305) and is welded gas-tight on the
outside. A cooled swirl promoter at the off-gas inlet to the
hot-gas line creales additional flow turbulence in the
stream of gas. The turbulence brings about intimate mixing
of the ofi-gases and thus increased dissipation of the heat
in-lipe--The heal dissipation is additionally enhanced
ﬁnough the enlarged cooling surface and the lower gas ve-
locity in the new line.

All of the primary de-dusting components are sealed in
relation to one another and to the supporting structure side
by means of ceramic fibre matting. The amount of drawn-in
atmospheric air is minimised and more off-gas is exhausted
from the furnace. The appreciably increased volume of the
de-dusling system, encompassing combustion chamber,
tiltable duct and hot-gas line, leads through the lower [low
velacity of the off-gases to reduced pressure losses in the
de-dusting system. The exhaust capacity of the system is
greatly improved.

The water-cooled length of the new hot-gas line is divid-
ed into two separate cooling circuits, which are operated ac-
cording to the uniflow principle.

MPT International 62002
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Cooling facilitated by unitlow principle

The uniflow principle, compared with sectionalisation,
offers many advantages for the implementation of Temper-
ature Level Control (TLC) in hot-gas lines. The line is di-
vided structurally into several, where possible, identical
lengths that are connected to one another in series. Long
lines additionally have Lo be divided into several separate
cooling circuits in order to limit the pressure loss caused by
the series connection.

All of the pipes about the circumference of the line are
fed simultancously from ring-like headers and are flowed-
through in the same direction as that of the off-gas flow. Be-
cause of the homogeneous mixing temperature in the head-
ers, the line heats up uniformly about its circumference and
the temperature level of the cooling water rises steadily
from component to component. The return temperature in
the last component of each cooling circuil is monitored and
used for TLC.

The measuring arrangements involved with sectionalisa-
tion are much greater, since every section would have to be
monitored, as well as controlled as a funetion of the sectlon
exposed to maximum thermal loading. '

Condensation cannot be ruled out in less thermally ex-
posed sections or in ‘shadow’ regions {(e.g. beneat]ﬁ dust) if
the hot-gas line is sectionalised.

Dew-point corrosion

The share of coated scrap in some cases leads, during
melting, to the formation of corrosive constituents in the
off-gas. Water vapour deriving from the combustion oxygen
and use of gas burners is present as an additional off-gas
component.

When the EAF roof is swung aside during tapping, the ex-
haust duct is tilted into the combustion chamber

If the off-gas temperature falls below dew point, for ex-
ample due Lo non-constantly high off-gas temperatures dur-
ing electric arc [urnace charging, the water vapour condens-
es on the colder tubular wall. Aggressive gas constituents
such as chlorine, sulphur and phosphorus are dissolved in
the condensation water. These acid solutions are heavily
corrosive and degrade the boiler materials within a short
space of time.
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Temperature level feedback control circuit

The standard “cold water cooling® of de-dusting sysléﬁs
is conducive to dew-point corrosion. An effective possibili-
ty of precluding condensation of the damp off-gas con-
stituents is to raise the temperature level of the cooling wa-
ter above the dew point of the off-gas.

To do this, it is necessary to have a closed-circuit and tem-
perature-controlled cooling water system in which the en-
tire water volume is adjusted to a pre-given temperature
level of around 70°C on the inlet side of the controlled sys-
tem. The maximum temperature on the return side is re-
quired to be around 95°C and must not be exceeded.

The heat [rom the off-gas is used to heat up the cooling
water, i.e. the system air cpolers are enabled in stages only
after the scl—pomt inlet side temperature has been exceed-
ed, or if malfunctions occur.

The controlled system encompasses all the water-cooled
components and supply lines of the de-dusting system.
Downstream of the closed-circuit re-cooling system, the
main circuit divides into three individual circuits, which, ai-
ter passing through the cooled components, re-unite ahead
of the cooler. The mixing temperature of circuits I-IT is
measured as an actual value on the inlet side of the main
circuit.

The striven-for temperature level is input as a set-point in
the controller, which continually cempares that level with
the actual value that is fed back. Using the difference be-
tween the actual value and set-point as a basis, the con-
troller generates an actuating signal, which enables the air
coolers in stages according to the extent of the set-point de-
viation.

In order to start up the system — after down-periods, for
example - the selected set-point must first of all be attained.
It is not achieved after disruptions in the melting process or
during charging. In both cases the set-point deviation is
negative and the controller does not generate any actuating
signal for the coolers until the circuit warms up again.

The behaviour of the controlled system is also influenced
by disturbance variables, to which the controller must re-
spond with an acluatmg signal. The controller does not re-

. ceive any m[ormatlon from the actual-value feedback or

temperature monitoring drrdngement in the main return
line whether all the system components warm up uniformly,
or whether there are areas exposed to high thermal loading
in the main return line where water temperatures exceed
the mixing temperature.

The cooling water temperatures of the components ex-
posed. lo maximum thermal loading have Lo be monitored
separdtely and notified to the controller as disturbance
variables by means of limit value signals.

The controller responds to a limit value signal with a de-
fined actuating signal, e.g. maximum cooling rate for the
lower limit value and furnace de-activation for the upper
limit value. When a limit value signal is received, the actu-
ating signal has overriding importance until the actual value
falls below the lower limit value.

Although the cooling system is pressurised, the tempera-
ture for the upper limit value is sct at less than 100°C for
safety reasons.

The temperature difference between the upper and low-
er limit value is governed by the time lag lor each con-
trolled system. Within the context of Temperature Level
Control, that is the time that passes aller the receipt of an
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Heavy clearing
equipment can be
moved through a
large vertical-lift
door into the
combustion cham-
ber for cleaning
purposes

.!!!‘I\hl.,ﬂ‘ \1 .
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actuating signal at the C(;O]CI‘, until the colder water has an
elfect on the component,

Which components need to be consideted as disturbance
variables in the feedback control gircuit depends on the op-
erating behaviour of each system. In practice, it is often suf-
ficient to monitor the highly exposed components at the
off-gas inlet to the combustion chamber.

Measurement technique

The most important parameters relating to the operation
of de-dusting system cooling circuits are pressure, lempera-
Lure and flow rale. Pressure sensors are essential particular-
ly for the operation of the pump equipment and provide in-
formation about the pressure conditions in the cooling cir-
cuit. "

Temperature measurement is necessary to provide actual
data about the cooling circuit for temperature control pur-
poses. Frequently used in this respect are PT-100 resistance
thermometers which have a temperature-linear output sig-
nal and a measuring transducer accommodaled in the ter-
minal housing,

The flow rate is the most importiant parameter for trou-
ble-Iree operation of water-cooled equipment components
at electric arc furnaces or in downstream systems. Measure-
ment of the flow rale makes it possible not only to monitor,
but also control, a pre-given {low rate. In the event of a
leakage or pump failure, an operational malfunction can be
prevented in good time.

Numerous devices operating according o various princi-
ples are available for the measurement of volume flows.
Methods widely used for measured value registration in-
clude the magnetically inductive measurement principle,
probe measurement, and [low rate determination by means
of ultrasound.

Magnetically inductive measurement. With magneti-
cally inductive flow rate measurement, the liquid flows

36

through a magnetic field generated perpendicularly to the
flow direction. An electric voltage is induced in, the liquid
because of the latter’s movement (law ol induction). The
voltage is proportional to the mean flow velocity, and thus
also to the volume flow. A precondition for the practicabil-
ity of magnetically inductive measurement is minimum
electrical conductivity of the flowing medium. The mea-
surement apparatus comprises a sensor, which picks up the
induced signal via two electrodes and a transducer, which
transforms this measuring signal into a current signal.

Measurement is largely independent of the flow profile
and other measured medium characteristics, such as pres-
sure, temperature and viscosity, as well as of the state of the
piping inner surface. The sensor is flange-mounted between
the piping. i

Depending on the apparatus design, the transducer is at-
tached to the sensor or installed in the control room. The
measurement tolerance of the magnetically inductive appa-
ratus is around +2% ol the measured value, according to
type and manufacturer.

Strong electromagnetic fields i in proximity of the sensor
have an influence on the induction principle and a negative
cffect on the technique’s measuring accuracy. The appara-
tus, depending on type and manufacturer, requires straight
in- and outlet lengths roughly 5 times the nominal pipe size.
The magnetically inductive principle is suitable for measur-
ing flow velocities up to 18-m#s; as well as for all nominal
pipe sizes.

Probe measurement. The differential-pressure mea-
surement principle is based on the laws of fluid mechanics.
The probe is inserted into the piping and fastened in place
with the aid ol a mounting socket.

The sum of the static and dynamic pressure of the flowing
medium is measured on the upstream surface of the probe.
The static pressure is measured on the downstream side.
The difference between the two pressures is a measure of
the flow velocity and ol the volume [low.

Probe measurement can be used for determining the [low
rate of liquids and gases in round or polygonal piping The
{low-rate probes are suitable for all nominal pipe sizes, as
well as lor Tlowvelocities up to 10 m/s for liquid and 200 m/s
for gaseous media.

Depending on the type of apparatus, probe measurement
can also be applied at very high liquid, vapour and gas tem-
peratures. Electromagnetic fields have no influence on the
lechnique’s measuring accuracy. The measurement toler-
ance of the probes is normally around 2% of the measured
valug. . .

The pressure loss during probe measurement is much
lower compared with orifice measurement because of the
hydrodynamic design of the apparatus. The method is un-
suitable for use in polyphase substance mixtures and heavi-
ly contaminated media. When the measuring probes are in-
stalled, il is necessary to include straight in- and outlet
lengths roughly 7 times the nominal pipe size.

Ultrasound. When determining the flow rate by ultra-
sound, two acoustic pulses pass through the measured
medium in different directions and their transit time is mea-
sured.

An acoustic wave that propagates in the flow direction of
the medium requires a shorter transit time than one moving
counter to the flow direction.
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The flow rate is calculated on the basis of the pulse tran-
sit time difference.

The stationary type of measuring apparatus comprises
iwo ultrasonic probes, which are atlached to the opposite
sides of an installed measuring pipe. Both probes are able
to transmit and receive ultrasonic waves.

The upper section of the combustion chamber comprises

water-cooled, replaceable panels of tubular desigr] .
¥

The measurement takes pl-acé withoul any contdct, with-
out any constriction of the pipe cross-section and without
any additional pressure loss. Measured-medium parame-
ters, such as electrical conduclivity, pressure and tempera-
ture, have no influence on the measurement result.

The measurement tolerance of the ultrasonic [low meters
is around +1% of the measuring-range end value. When us-

* Heat exchangers,
cooling and suction plants for
the steel industry

» Engineering of plants
with static and dynamic
loading

* Pipework

* Repair of equipment and plant
components on site or in our
workshops

Stahl-System-Bau GmbH
Kaiserslauterner Str. 15 - 14772 Brandenburg/a. d. Havel

Tel. (03381)7263-0 - Fax (03381)726334
E-Mail: ssb@snafu.de
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ing such ultrasonic measuring apparatus, it is necessary, de-
pending on the type of pipe internals and manufacturer’s
specifications, to include straight in- and outlet lengths
roughly 5 to 15 times the nominal pipe size.

The ultrasonic measurement principle is suitable for de-
termining the [low rate of liquids with any flow velocity and
temperatures up to around 150°C. It can be used for all
nominal pipe sizes. )

An alternative to the stationary ullrasonic measuring ap-
paratus is the portable flow meter.

Portable apparatus comprises two ultrasonic transducers
and a device for their attachment to the piping.

The measurement principle and the installation condi-
tions are largely consistent with those of the stationary ap-
paratus. The methed can aJso be used on coated piping.

The advantage of the portable ultrasonic method is the
simple installation at any measuring point and the very ac-
curate measurement dala. With a measurement tolerance
of around =3%, the portable apparatus achieves a similarly
high accuracy to that of the stationary ultrasonic flow me-
ter.

Conclusion

Controlling the water temperature in the ofl-gas system
of electric arc furnaces is an elfective possibility of protect-
ing water-cooled de-dusting systems-from the release of
corrosive off-gas constituents. Measurement-based moni-
toring of the primary exhaust system, including tempera-
ture control, can be practised not only in new constructions
but also at existing facilities, thereby prolonging the life ol
the de-dusting systems. L]
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