
Method and Apparatus for Regulating Fluid Flows in Parallel-Connected
Conduits, e.g. in furnace installations having air preheaters and by-pass
conduits The present invention relates to a method and apparatus for
regulating fluid flows in parallel-connected conduits, and also to an
installation having parallel-connected conduits provided with such
apparatus. In one aspect, the present invention provides a method of
regulating fluid flow from a first conduit via a second conduit to a third
conduit wherein a fourth conduit extends between the (first) junction of
the first and second conduits and the (second) junction of the second and
third conduits, the method comprising sensing the fluid temperature [err]
and/or pressure [err] in the first conduit at or near to the first
junction, sensing the fluid temperature [err] and/or pressure [err] in the
third conduit at or near to the second junction, and providing  power to
fluid-propelling means, operable to propel fluid through the second
conduit, in an amount which is related to the pressure difference [err]
and/or the temperature difference [err] whereby to regulate the flows of
fluid through the second and fourth conduits.    - 2 - In another aspect,
the present invention provides an installation comprising a first conduit
connected for fluid flow via a second conduit to a third conduit, and a
fourth conduit which extends 



between the (first) junction of the first and second conduits and the 5
(second) junction of the second and third conduits, means for sensing the
temperature [err] and/or pressure [err] of fluid in the first conduit at or
near to the first junction, means for sensing the   temperature T2 and/or
pressure P2 of fluid in the third conduit at or near to the second
junction, fluid propelling means operable to propel fluid 10   through the
second conduit, and means operable to supply power to the fluid-propelling
means in an amount related to the pressure difference P1-P2 and/or the
temperature difference   T1-T2 whereby to regulate the flows of fluid
through the second and fourth conduits. Preferably, heat is removed from,
or added to, the 15   fluid passing through the second conduit at a heat
transfer location. Preferably, the temperature T3 and/or pressure P3 in the
second conduit is or are sensed downstream of the heat-transfer location,
and the power supplied to the propelling means to regulate the flow of
fluid through the second conduit is regulated in accor- 20   dance with the
temperature difference T2-T3 and/or the pressure difference [err]. The
power supplied is preferably regulated to an amount such that T2-T3 and/or
P2-P3 is and/or are substantially zero. The  temperature    T4  and/or
pressure  P4 in the second   conduit  upstream  of  the  heat  transfer
location  may  be 25   sensed,  and  the   power  supplied  to  the
propelling   means   to regulate  the  flow  of  fluid  through  the
second conduit regulated in   accordance   with   the   temperature
difference   T1-T4 



and/or pressure difference [err]. The power is preferably regulated to an
amount such that [err] and/or [err] is and/or are substantially zero. The
said temperatures and/or pressures are preferably sensed by sensors which
may be so connected, e.g., in series-opposition, as to generate a signal
regulating the supply of power to the fluid-propelling means. In yet a
further aspect, the invention provides an installation comprising a first
conduit connected for fluid flow via a second conduit to a third conduit,
and having a fourth conduit which extends between the (first) junction of
the first and second conduits and the (second) junction of the second and-
third conduits, and further comprising apparatus as hereinabove described
for regulating fluid flow from the first- conduit via the second conduit
to  the third conduit. The installation preferably comprises heat transfer
means for effecting heat transfer to or from fluid passing through the
second conduit. The heat transfer means may be a combustion air preheater
for transferring heat from fluid in the second conduit to-air passing to
equipment which consumes heated air (e.g. a furnace or engine). In one
embodiment of the invention, the installation comprises equipment which
consumes heated air (e.g. a furnace), and wherein the first conduit is
connected to receive flue gas or exhaust gas from the equipment, the third
conduit forms part of a connection to a stack (or 



other gas-discharge means)., the fourth conduit is a by-pass duct, and the
fluid-propelling means is an induced-draft fan downstream of the air
preheater. The installation may comprise at least one damper or other
conduit- obstructing device operable for opening and at least partly
closing the fourth conduit.    The invention is now described with
reference to a non-limitative example thereof and with reference to the
accompanying diagrammatic drawings in which: Figure 1 depicts some features
of a furnace installation in accordance wth the invention;  and Figure 2
shows one type of control arrangement which can be used with the
installation of Fig. 1. In Fig. 1, flue gas from a furnace is conducted by
a first conduit 11 to a second conduit 12 which discharges gas therefrom to
a third conduit 13 connected to a stack.  The gas passing along the second
conduit 12 passes in heat transfer relationship with cool air in an air-
preheater 41 whereby heat is transferred to the cool air. The cool air
passes to the preheater 14 from a cool-air conduit 15 and heated air is
conducted from the air-preheater 14 to the furnace via a heated air conduit
16.  An induced draft fan 17 is operable to cause flue gas to flow through
the air preheater 14. 



A fourth conduit 18 extends between the first and third conduits 11, 13 in
parallel with second conduit 12 so as to provide a by-pass around the
air-preheater 14.  One end of the fourth conduit 18 is connected to the
first and second conduits 11, 12 at a first junction 19, and the other end
of the fourth conduit 18 is connected to the second and third conduits 12,
13 at a second junction 20. Heretofore, it has been the practice to provide
a damper 21 of any suitable type (e.g. comprised of a number of pivotable
louvre elements) in the fourth conduit 18, and during normal operation of
the furnace, the damper 21 has been maintained tightly closed to ensure
that substantially all of the flue gas from the furnace passes via the
second conduit 12 and air preheater 14 to the third conduit 13 so as to
provide the maximum    amount of heat transfer to the cool air passing in
heat exchange relationship therewith in the air pre-heater 14 from the cool
air conduit 15. The purpose of  providing the damper 21 is to ensure that
if the operation of the fan 17 should be  interrupted by some 5
mechanical and/or electrical failure, or for some other reason, which has
the effect of virtually blocking or closing the flue gas path through the
second conduit 18, the furnace can still be operated by opening the damper
21 to provide an alternative path for the discharge of flue gas via the
fourth conduit 18. 10                  This prior practice has not been
entirely satisfactory 



for a number of reasons, the principal reasons being the formation of
deposits  on the damper 21 and distortion thereof which cause difficulty
in,   or prevent, the opening of the damper 21 in the event of
non-operation of the fan 17. 15                  In the practice of the
present invention, the damper 21 may be removed or maintained at least
partially open, or more preferably, fully open.   The power supplied to the
fan is regulated to ensure that substantially all the flue gas produced by
the furnace passes from the first conduit 11 into the second conduit 12 to
ensure 20   a maximum preheat of the cool air entering the air preheater 14
from the cool air conduit 15.   The amount of power supplied to the fan 17
may be a function of the pressure difference and/or temperature difference
between points in the second and third conduits at or near to the junctions
19, 20 at each end of the fourth conduit 18.    When the pressures at each
end of the fourth conduit 18 are to be employed to regulate the operation
of the fan 17, a pressure-sensing device [err] is installed to sense the
pressure at the junction 19, and a similarpressure-sensing device P  is
installed to sense the pressure at the other junction 20. The pressure
difference P -P is a function of the amount of gas passing through the
fourth conduit 18, and a signal representative of'P -P is derived and
employed to control the power 1 2 



supplied to the fan 17 until P -P  attains a desired value.  Various 1 2
means for controlling the power supply to the fan 17 as a function of P -P
will be known to those skilled in the art. When the fan 17 is operating
normally, the desired flow of gas through the fourth conduit 18 will be
zero, and for this operating condition P -P    0.  It will be 1 2
appreciated that regulation of gas flow may alternatively be achieved by
sensing the temperatures at the junctions 19 and 20 and regulating the
power supplied to the fan 17 in accordance with the deviation of the
difference in temperatures from a desired value.  This latter approach is
less preferred for controlling the power supply to the fan 17 because the
temperature at the junction 19 will depend on the furnace's heat output
while the temperature at the junction 20 will be virtually inde- pendent of
the furnace loading when no flue gas passes through the fourth conduit 18.
Nevertheless, it is possible, albeit more complicated, to regulate the
power supplied to the fan 17 in accordance with the deviation of the
temperature difference between the junction 19 and the junction 20 from a
desired value for the furnace firing rate. Moreover, a combination of
pressure differences and temperature differences may be employed in an
analogous inanner for the same purpose.    7 



The use of a signal representative of P1-P2 (and/or temperature
differences) to control the power supply to the fan 17 may not be
completely satisfactory for accurate gas-flow control in some
installations, particularly if the resistance to gas flow is very small in
the fourth conduit 18 (e.g. in the absence of a damper 21) since even a
very small deviation from a desired value of [err] (or equivalent
temperature differences) could, in some instances, cause undesirably large
gas flows in the fourth conduit 18. More accurate control may be achieved
by monitoring the pressure and/or temperature of gas in each conduit at or
near to the junctions 19 and 20. In the following description, temperatures
are employed for gas flow control. However, it will be appreciated that
pressures may be employed in a similar manner, or a combination of
temperatures and pressures, although it will be preferred to use temper-
atures for gas flow control since the pressure differences from which the
gas flow control signals are derived in this illustrative embodiment of the
invention may be so small that they may be of the same order, or smaller,
than the accuracy of the pressure sensors presently available. However, for
other applications of the invention, it may be preferred to monitor
pressures for gas flow control, e.g. where fluids flow through conduits
without any substantial temperature change. In Figure 1, the temperature T
in the first conduit 11 is monitored by a suitable sensor T at or near to
the junction 19 and the temperature [err] in the third conduit 13 is
monitored by a sensor T2.  The temperature [err]  in the second conduit 12
at or near to junction 20 is monitored by sensor [err]  and the temperature
[err]  in the second conduit 12 at or near to 



junction 19 is monitored by sensor [err].  The temperature drop across the
length of the conduit 12 is thus [err].    8 The temperature difference
[err]  is a function of the relative flows of gas through the air preheater
14 and the fourth conduit 18. When [err] = 0, no gas is passing through the
fourth conduit 18 from the first conduit 11 (i.e. no gas is passing via the
fourth conduit 18 from the junction 19 to the junction 20), although some
gas may be passing    through the fourth conduit 18 from the outlet of the
second conduit 12 at junction 20 to the inlet at junction 19. This latter
mode is detectable by measuring the temperature difference [err], which
will be zero except when gas is passing from the junction 20 to the
junction 19 through the fourth conduit 18. Thus if signals representative
of [err] and [err] are derived, they can be employed to modulate the amount
of power supplied to the fan 17 to obtain desired relative gas flow rates
in the second conduit 12 and fourth conduit 18 and also to control the
direction of gas flow. Figure 2 shows how four temperature sensors (e.g.
thermocouples can be connected to sum the temperature differences [err] and
[err] so that a single output signal can be derived to regulate the power
supply 



to the fan 17.  The temperature sensors are arranged in series opposition
in the sequence: [err] so that [err] and [err] are summed in the correct
sense to modulate [err] which is representative of the temperature drop
across the preheater 14. The sensors are non-grounded, as depicted. The sum
of. [err] produces a signal which is converted to an analogous voltage by
transducer 22. The analogous voltage is relayed to a temperature indicator
and controller 23 which generates a signal in line 24 to regulate the power
supplied to the fan 17. For improved accuracy of temperature monitoring,
each sensor may, in practice, be replaced by an array of sensors in the gas
stream so connected that the indicated sensed temperature is more or less
the average of the temperatures sensed by the array. If it is desired that
all..the flue gas should pass through the preheater 14, the signal received
by the controller 23 should be analogous    10 to-a zero signal received by
the transducer 22. If there is any deviation from a zero signal, the
controller 23 generates an appropriate signal to change the power supplied
to the fan 17 to eliminate the deviation. On the other hand,. if a partial
flow of gas through both the preheater 14 and fourth conduit 18 is
required, as determined by an appropriate set point value of the controller
23, the signal received by [err] controller.23 from transducer 22 will be
compared with the set point 



value to generate a power regulating signal to control the operation of the
fan 17 so that the desired partial flow takes place. As stated-above, the
invention may be practiced employing pressure sensors in place of, and also
in combination with, the temperature sensors particularly described with
reference to Figures 1 and 2.    Claims 1.   A method of regulating fluid
flow from a first conduit via a second conduit to a third conduit wherein a
fourth conduit extends between the (first) junction of the first and second
conduits and the (second) junction of the second and third conduits, the
method comprising sensing the fluid temperature [err] and/or pressure [err]
in the first conduit at or near to the first junction, sensing the fluid
temperature T2 and/or pressure P2 in the third conduit at or near to the
second junction, and providing power to fluid-propelling means, operable to
propel fluid through the second conduit, in an amount which is related to
the pressure difference [err] and/or the temperature difference [err]
whereby to regulate the flows of fluid through the second and fourth
conduits. 2.   A method as in claim 1 in which heat is removed from, or
added to, the fluid passing through the second conduit at a heat-transfer
location. 3.  A method as in claim 2 comprising sensing the temperature T3 



and/or pressure P3 in the second conduit downstream of the heat- transfer
location, and regulating the power supplied to the propelling means to
regulate the flow of fluid through the second conduit in accordance with
the temperature difference [err] and/or the pressure difference [err]. 4.
A method as in claim 3 in which the power supplied is regulated to an
amount such that [err] and/or [err] is and/or are substantially zero.
-12- 5.       A method as in any one of claims 2 to 4 comprising sensing
the temperature T4 or pressure P4 in the second conduit upstream of the
heat transfer location, and regulating the power supplied to the propelling
means to regulate the flow of fluid 5   through the second conduit in
accordance with the temperature difference [err] and/or pressure difference
[err]. 6.       A method as in claim 5 in which the power is regulated to
an amount such that [err] and/or [err] is or are substantially zero. 10
7.        A method as in any one of claims 1 to 6 in which the said
temperatures and/or pressures are sensed by sensors which are connected in
such a manner as to generate a signal regulating the supply of power to the
fluid-propelling means. 



8.       A method of regulating fluid flow substan- 15  tially as
hereinbefore described. 9.       A method as in claim 8 substantially as
described with reference to the diagrams..    -  13  - io.      An
installation comprising a first conduit connected for fluid flow via a
second conduit to a third conduit, and a fourth conduit which extends
between the (first) junction of the first and second conduits and the
(second) junction of the second and 5   third conduits, means for sensing
the temperature [err] and/or pressure [err] of fluid in the first conduit
at or near to the first junction, means for sensing the temperature [err]
and/or pressure [err] of fluid in the third conduit at or near to the
second junction, fluid propelling means operable to propel fluid through
the second conduit, and means 10   operable to supply power to the
fluid-propelling means in an amount related to the pressure difference
[err] and/or the temperature difference [err] whereby to regulate the flows
of fluid through the second and fourth conduits. 11.      An installation
as in claim 10 comprising 15  heat transfer means for effecting heat
transfer to or from fluid passing through the second conduit. 12.      An
installation as in claim 11 in which the 



heat transfer means is an air preheater for transferring heat from fluid in
the second conduit to air passing to a furnace or other 20
heated-air-consuming equipment.    -14- 13.       An installation as in any
one of claims 10 to 12 comprising a furnace (or other heated-air-consuming
equipment) and wherein the first conduit is connected to receive flue gas
from the furnace (or equipment), the third conduit forms part of a
conection to 5   a stack, the fourth conduit is a by-pass duct, and the
propelling means is an induced-draft fan downstream of the air preheater.
14.       An installation as in any one of claims 10 to 13 comprising at
least one damper or conduit-obstructing device operable for opening and at
least partly closing the fourth conduit. 10                  15.       An
installation substantially  as herein described. 16.       An installation
as in claim 15 substantially as described with reference to the diagrams.


