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Abstract

The chimney gate valve is widely used in the metallurgical industry as a control element in fume extraction
systems of the furnace chamber. However, its flow characteristics are not appropriate for controlling this flow.
Linear characteristics would be the most appropriate.

The aim of this study is to present the problems of control technology in the metallurgical industry - conducted
improperly due to many difficulties or lack of knowledge of controlled installation. The chimney gate valve (as
an element of control), installed in the heating pusher furnace, is presented in the paper. The proposal to
address the identified problems is also presented. The solution is to use a digital control linear setting element
which significantly reduces the negative environmental and economic consequences.

As a result of the chimney gate valve digital control and the measurement of the exhaust gas pressure in the
furnace chamber, a significant reduction in gas fuel consumption and reduction of CO2 emissions have been
achieved. The reduction of fuel did not change the technological temperature of the metallurgical process.
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1. INTRODUCTION

In industrial heating gas furnaces, basic adjustment parameters are as follows: the furnace temperature in one
or more zones, the ratio of combustion substrate streams (gas and air) and exhaust pressure in the furnace
chamber. The control parameters are streams of substrates and combustion products. For their control, the
most appropriate are adjustment elements with linear operating flow characteristics where the stream of
gaseous medium is proportional to the percentage of opening [1].
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depends on the exhaust stream transferred to the
chimney; therefore, it is a control parameter [2]. To
adjust the exhaust stream, gate valves (in addition to
butterfly valves) are commonly used but they are
characterised by highly nonlinear operating flow
characteristics (Figure 1) which can also be presented as the relationship of its sensitivity and the percentage
of opening (Figure 2). The highest sensitivity of gate valves is seen when the opening percentage is small; in
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Figure 1 Exemplary flow characteristics for gate
valves
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practice, it very often reaches its maximum in furnace installation, which results in negative manometric
pressure in the furnace. Then, additional amounts of environmental air enter the furnace through technological
windows and leaks. This air requires combustion of additional gas to maintain the assumed technological
temperature in the furnace and leads to energy loss. Therefore, a very important issue for the furnace operation
is maintaining of proper distribution of exhaust pressure in the combustion chamber, which is a significant
regulatory problem [2].
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Figure 2 Flow characteristics dm/dx versus the opening percentage x

2, COMPUTED ASSISTANCE FOR DESIGNING OF ADJUSTMENT FLOW CHARACTERISTICS OF
THE GATE VALVE

In terms of control, the most appropriate is linear characteristics; conventional adjustment elements, i.e. gate
valves in fume extraction systems of industrial heating furnaces, do not demonstrate such characteristics.
However, due to certain modifications of design or the method of automatic control, the required effects can
be obtained. During own investigations, the LINEAR-2 programme was developed that supports programming
of linear operating flow characteristics for the gate valves (Figure 3).
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Figure 3 The LINEAR-2 programme panel
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The programme was developed in the LabVIEW environment. When the necessary information is entered
("Design data”), a solution for advanced automated systems can be achieved as a function of the modulated
control signal. The function must be programmed in the industrial system of the gate valve control which
changes the relevant process parameter.

3. LINEARIZATION OF OPERATING FLOW CHARACTERISTICS FOR THE GATE VALVE
REFERRING TO ITS DESIGN

One of the ways of obtaining linear adjustment flow characteristics of a conventional gate valve (Figure 4a) is
proper profiling of the flow opening in the orifice (Figure 4b) that is placed in the duct before the aperture. The
opening has a specific shape [2,3] for flow characteristics that are presented in Figure 1. Practical use of the
procedure of flow opening profile determination resulted in very favourable effects but this form of linearization
requires modification of the valve design, which (for industrial systems) means stopping the device,
disassembling the gate valve and modifying its design.
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Figure 4 Conventional chimney gate valve (a) and a valve with profiled flow opening (b); were: H - height,
W - width, Ar- an area of fluid flow

4, DIGITAL LINEARIZATION OF OPERATING FLOW CHARACTERISTICS OF THE GATE VALVE

One of the ways of obtaining linear adjustment flow characteristics of a conventional gate valve (Figure 4a) is
proper profiling of the flow opening in the orifice (Figure 4b) that is placed in the duct before the aperture. The
opening has a specific shape [2,3] for flow characteristics that are presented in Figure 1. Practical use of the
procedure of flow opening profile determination resulted in very favourable effects but this form of linearization
requires modification of the valve design, which (for industrial systems) means stopping the device,
disassembling the gate valve and modifying its design.

Considering design linearization (obtained through flow opening shaping), a method of digital linearization was
developed - an algorithm of programmed control of the valve drive. This solution can be applied for a
conventional gate valve (Figure 4a) without any design modifications or its disassembling from the industrial
installation. To date, no such modification of adjustment element flow characteristics has been reported in
literature!

The method requires designing of a proper digital or analogue and digital transducer which, together with an
actuator, converts the input signal y (digital or analogue) into a properly modulated signal for the opening
percentage x of the adjustment element. The developed (during own investigations) algorithm determines a
function, according to which the transducer and actuator convert the input signal y into the output signal so
that the fluid stream is proportional to the signal y, i.e. the linear operating flow characteristic is obtained.
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For the calculation algorithm, it is necessary to know the basic flow characteristics of adjustment element as
well as the flow resistances for the pipeline or duct, pressures in the source and the receiver. Bulk, turbulent
exhaust stream that flows through the gate valve can be determined based on the formulation resulting from
the stream energy balance and parameters that define the flow coefficient, as follows:

m=G KV(x)e\/ Apyp, 1)

where:
C+ - number coefficient, C; = 0,101 (s/m)
Kv(x) - flow factor (m3/h)
m - mass flow rate (kg/h)
Apn - pressure drop in the valve (Pa)
€ - expansion coefficient (-)
p1 - exhaust density for the exhaust parameters before the valve (kg/m3)

The flow factor Kv is an international parameter (commonly used outside the U.S.) that describes basic flow
characteristics of control valves and most manufacturers present it in their specifications. The flow factor Ky is
defined as the flow of water with temperature ranging 5 - 30 °C through a valve in cubic meters per hour (m3/h)
with a pressure drop (across the valve) of 1 bar. There is also the flow coefficient Cv - it is based on the imperial
units system and is commonly used in the U.S. [4,5]. In technical literature, a description of basic flow
characteristics of adjustment elements also contains a number of local flow resistance Zy that refers to the
fluid flow rate in the pipeline or inlet channel. A relation between Zy and Ky can be determined, using
formulation (1) and a parameter defined in the standards that describes a number of local flow resistance,
which ultimately can be presented as follows:

Zy(x)=C, [%} (2)

where:
C> - number coefficient, C> = 15.7-108 ((m/h)?)
Dy - nominal diameter of the valve (m)

For the analysis, an empirical relationship (called generalised, basic flow characteristics) is highly useful (or
even necessary) - between a number of local flow resistance and reduced flow surface area, that has been
determined based on the own investigations and literature data [6]. Considering flow resistances in the flue
gas duct, a formulation that links the control signal y and the valve opening percentage x was also obtained:

C Ap 1
Ay [—2— || =£E_ 4 — K =0
N ZN ()C) \/[ y2 pSmaxJApC kN V max (3)

where:
Kvmax - maximum, computable flow coefficient for the expected maximum exhaust stream (m3/h)
Apsmax - maximum pressure drop in the duct (Pa)
Apnmin - minimum pressure drop in the valve for the maximum stream (Pa)
Apc = Apsmax + Apnmin - Ooverall pressure drop in the installation (Pa)

The kv in the formulation (3) is a so-called pressure number, defined as follows:

ky = AP N min (4)
Apc
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5. ANALYSIS OF RESULTS

In formulation (3), the control signal y is received as a normalised value between 0 and 1. In the algorithm of
the method of linearized control of the gate valve, a control function is searched that links the predefined
percentage of valve opening with the control signal from the managing system (programmable function
adjustor, controller, computed industrial system). The function results from the assumed shape of adjustment
characteristics as well as the flow characteristics of the net and adjustment device. A result of the digital
linearization procedure for a conventional chimney gate valve, used in the LINEAR-2 programme, is presented
in Figure 5. It shows a relationship between the modulated control signal and the percentage of valve opening
in terms of fluid stream proportionality, meaning linearity of operating flow characteristics of the system [7].
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Figure 5 Flow characteristics of the gate valve following linearization

6. PRACTICAL APPLICATION OF DIGITAL LINEARIZATION IN INDUSTRY

At present, the reason of not maintaining proper exhaust pressure distribution in the chamber of metallurgical
heating furnace is lack of automatic adjustment and difficulties in determination of its optimum value as well
as improper (considering control) characteristics of the adjustment element. Manual adjustment of exhaust
pressure at a satisfactory level is not possible. The use of digital linearization of flow characteristics for chimney
gate valves in metallurgical heating furnaces remarkably improves the control quality and, therefore, facilitates
maintaining of proper exhaust pressure in the heating furnace [7], which ensures significant energy saving that
has been confirmed in relevant investigations using an experimental heating furnace with the nominal power
of about 8 MW (Figure 6).

Figure 6 Experimental furnace - research
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As aresult of control according to the presented method, optimum pressure values in the combustion chamber
for various numbers of excess air A in burners were achieved (Figures 7a and b). Optimum pressure (-0.5 Pa,
measured at the furnace hearth for A=1.05) ensured the reduction of gas fuel consumption by 271 m3/h: from
885 m3/h down to 614 m3/h, which is about 31 % compared to the initial pressure of about -15 Pa. The paper
describes a situation when a metallurgical heating furnace operates for 11 months per year and 24 hours daily.
The twelfth month is meant for the furnace service. Assuming that the petroleum gas costs approximately 0.43
€/m? [8], savings of more than 923000 €/year can be achieved. Recommended limitation of gas fuel
consumption also means a significant reduction of CO2 emission, which is a very important environmental
issue. CO2 emission reduction creates a potential for the sale of CER units to the so-called carbon market [9]
and this makes an additional enterprise revenue. In the presented example, the setting of the metallurgical
heating furnace at the optimum pressure level in its chamber ensures limitation of environmental burden: over
4100 Mg of not emitted CO: per year.
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Figure 7 Characteristics: a) operating; b) energetic

7. CONCLUSION

At present, the reason for not maintaining proper exhaust pressure distribution in the chamber of metallurgical
heating furnace is lack of automatic adjustment and difficulties in determination of its optimum.

The method of digital linearization of chimney gate valve flow characteristics requires programming of a
transducer that converts the input signal y into a properly modulated signal for the opening percentage of the
adjustment element. The developed algorithm determines a function for this transducer so that the fluid stream
is proportional to the signal y - then, the linear operating flow characteristics can be ensured. For the calculation
algorithm, it is necessary to know the basic flow characteristics of adjustment element as well as the flow
resistances for the pipeline or duct, pressures in the source and the receiver.

The use of digital linearization of chimney gate valve flow characteristics and implementation of automatic
adjustment of exhaust pressure does not require design modifications of the adjustment element and are not
costly from the investment point of view. The improvement of control quality is beneficial due to significant
financial savings (923000 €/year) resulting from the limitation of gas fuel consumption and favourable
environmental effects related to reduced CO2 emission of 4100 Mg/year.

There are ongoing studies on the use of digital linearization method for other types of adjustment elements:
butterfly valves and ball valves.
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