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(57) Systeme de sechage comprenant une chambre de
combustion, un s€choir et un s€parateur. La chambre de
combustion fournit du gaz réchautf¢ au sechoir. On méle
un mateériau humide au gaz réchauffe du sechoir. Le
materiau sec est ensuite separe du gaz dans le separateur.
On utilise €¢galement une methode servant a ameliorer la
securite de ce systeme. Il s’agit notamment de détecter la

temperature du systeme de sechage.

Et lorsque la

tempéerature atteint une valeur predéterminéee, on €teint la
chambre de combustion, en introduisant en outre de la
vapeur d’eau dans ce systeme de sechage.

I*I Industrie Canada  Industry Canada

(57) A dryer system has a combustion chamber, a dryer
and a separator. The combustion chamber supplies

heated gas to the dryer. Wet
heated gas in the dryer. T

material 1s mixed with the

I'he dried material 1s then

separated from the gas 1n the separator. A method 1s used
to increase the safety of the system. The method includes
sensing the temperature of the dryer system. Further, 1f

the temperature reaches a

predetermined value, the

combustion chamber 1s extinguished. Additionally, upon
the temperature reaching the predetermined value, steam
1s introduced 1nto the dryer system.
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Abstract

A dryer system has a combustion chamber, a dryer and a
separator. The combustion chamber supplies heated 'gas to the
dryer. Wet material 1s mixed with the heated gas 1n the dryer.
The dried material is then separated from the gas 1in the separator.
A method is used to increase the safety of the system. The method
includes sensing the temperature of the dryer system. Further, 1if
the temperature reaches a predetermined value, the combustion
chamber 1s extinguished. Additionally, upon the temperature

reaching the predetermined value, steam 1s 1introduced 1nto the

dryer system.
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SAFETY METHOD FOR A DRYING SYSTEM

Background of the Invention

This invention refates to drying systems in general, and
more specifically to a safety method for such drying systems.

Drying systems are important features 1n the
manufacturing and processing of many different materilals. For
example, drying systems are often used to dry wood chips during the

manufacturing of particle board. Further, drying systems are ot

particular importance during the processing of ethanol. More

particularly, after ethanol has been removed from grain during the
fermentation process, it is then desirable to dry the grain to
allow storage and resale of the grain for animal feed or other
uses.

Typical drying systems include a combustion chamber into
which natural gas and air are supplied and combusted. The heated
combustion gases in the combustion chamber are then introduced by
a draft fan into a rotating cylindrical dryer. The material to be
dried is introduced into the dryer and exposed to the current of
heated gases. The dried material is then separated from the heated

gas current in a separator, such as a cyclone separator. The

combustion gases introduced into the dryer of a drylng system are

typically in the range of 900°F. to 1800°F. As is apparent, these

elevated temperatures inherently can cause safety problems with a
dryer system. More specifically, because a dryer system 1s
typically a closed system in that outside air usually is only
introduced into the system at the combustion chamber, there 1is a
potential for explosions to occur. Fires within the closed system

11205145 1



92200833

can occur for various reasons, for instance, as a result of the
material being dried becoming overheated and combusting. The
combustion of such material can result 1in the production of
pyrolysis gas within the ciosed system. This pyrolysis gas 1s
usually highly combustible and if ignited can result in explosions.
Further, if outside air is introduced into the closed system, the
oxygen within the air can fuel any combustion fires already
existing within the system.

Prior art drying systems have done everything reasonably
possible, to lessen the possibility of harmful situations that can
occur with a dryer system. However, as with all inherently
dangerous processes, technology and innovation are needed to make

dryer systems that further decrease the risk of harmful situations.

Summary _of the Invention

One object of the present inventlion 1s to provide a
safety method that allows automatic extinguishment of combustion
fires within a dryer system and purging of the harmful gases from
the system by the use of the introduction of steam.

Another object of the present 1nvention 1s to
automaticially begin a steam flow into a dryer system in response toO
a' temperature overload sensed at various locations withilin the
system.

A further object of the present invention is to provide
a two-stage automatic temperature overload sensing where, 1n
response to a first predetermined temperature valve, certain

precautionary measures are taken, and thereafter, 1n response to a
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second higher predetermined temperature valve, additional

precautionary measures are automatically taken.

2 still further object of the present invention 1s to

provide a safety method which monitors temperatures at various

places within the dryer system and, using various temperature
parameters, provides for combustion chamber shutoff, steam purging
of the system, and/or shutoff of the system fan.

Additional objects, advantages, and novel features of the
invention will be set forth in part in the description which
follows and, in part, will become apparent to those skilled in the
art upon examination of the following, or may be learned Dby
practice of the invention. The objects and advantages of the
invention mwmay be realized and attained by means of the

instrumentalities and combinations particularly pointed out in the

appended claims.

Brief Description of the Drawings

In the accompanying drawings which form a part of the
specification and are to be read in conjunction therewith:

Fig. 1 1is a diagrammatic view of a drying system
utilizing the safety method of the present inventilon;

Fig. 2 is a flow chart showing the temperature logic used
within a temperature controller to determine the appropriate safety

steps to be taken; and

Fig. 3 1s a schematic of the electrical connections
between the temperature sensors, temperature controllers, and
various other structures disposed within the drying system of
Fig. 1.
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Detailed Description of the Preferred Embodiment

With reference to Fig. 1, a drying system 10 utilizing

the safety method o©of the present invention 1is - shown

diagrammatically. A combust:-ion chamber 12 is supplied with natural
gas via an inlet line 14. Line 14 has a motorized guillotine valve
16 disposed therein to control the flow of gas to chamber 12. Air
1s also supplied to chamber 12 via an inlet line 18 and a fan 20.
Combustilion chamber 12 supplies a current of heated gas to a dryer
inlet assembly 22 via duct of 24. The current of heated gas is
then supplled to dryer 26 from assembly 22 wvia a duct 28. Wet
material to be dried is also introduced into dryer 26 as indicated
by the feed conduit 30. 1In dryer 26 the wet material i1s exposed to

the heated gas current so that the moisture content of the material

1s reduced. The current of heated gas flowing through dryer 26

serves to convey the wet material therethrough.

After the molsture content of the material has been
reduced 1in dryer 26, the material and the current of heated gases
are conveyed to an outlet hopper separator 32 wvia a duct 36.
Separator 32 serves to separate the very coarse partially dried
material from the fine material and the heated gases. The coarse
materials are conveyed via condult 38 to either a dried material
pile or to another dryer system for a further drying, as will be
more fully explained below. The fine material and the heated gases
are conveyed via duct 40 to cyclone separator 42 and cyclone

separator 44. The mixture of fine material and heated gases are

equally separated at point 46 in duct 44 so that one half of the
flow goes to cyclone 42 and the other half to cyclone 44. In

cyclones 42 and 44, the heated combustion gases are separated from
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the fine material. The fine material exits the lower ends of
cyclones 42 and 44 via exit conduits 48 and 50, respectively, which
join with material conduit 52. As with material conduit 38,
conduit 52 serves to conveyzthe partially dried material to a dry

pile or to other dryer systems, as will be more fully described.

The heated gases exit the upper ends of cyclones 42 and

44 via exit ducts 54 and 56. Ducts 54 and 56 join with duct 58
which serves to convey the separated combustion gases back to
combustion chamber 12 as recycled gases, as 1lndicated by 1nlet duct
60, or to other dryer systems as recycled gas, or to vent the gases
to the atmosphere. A draw fan 62 is disposed in duct 58. Fan 62
serves to create a vacuum within the dryer system 10 so as to aid
in the flow of the material and gases through the system. More
specifically, system 10 is a closed system in that substantially
the only placg that air is introduced into the system 1s 1n the
combustion chamber 12 wvia air line 18. Other than this air entry,
the lines, ducts and conduits are all enclosed to inhibit air from
entering the closed system.

Dryer system 10 can be easily coupled with a plurality of
identical dryer systems. More specifically, typically_ the
partially dried material exiting system 10 through conduits 38 and
52 are conveyed to one or more other dryer systems to be further
dried. Further, the heated combustion gases exiting via duct 58
and fan 62 can also be conveyed to the combustion chambers of other
dryer systems as recycled gas. That is, a portion of the heated
combustion gases exiting this system can be conveyed back to

combustion chamber 12 via duct 60, and another portion of the
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heated gases can be conveyed to the other combustion chambers of
other systems as recycle gas.

The satety features of the present invention provide a
steam.supply’system1fcm‘injeéting'steam.at‘Various locations within
system 10. The steam supply system includes steam supply or boiler
64. Steam exits boller 64 via steam line 66. Line 66 has three
separate steam supply branches 68, 70 and 72. Branch 68 supplies
steam to the dryer system 10 by introducing the steam into duct 24.
Branch 70 supplies steam to the dryer system by introducing steam
1nto separator 32. Branch 72 supplies steam to the dryer system by
introducing steam into the lower ends of both cyclone separators 42

and 44. Steam line 66 has a motorized control valve 74 disposed

therein to automatically control the flow of steam exiting boiler
64. Further, a flow sensor 76 1s positioned after valve 74 in line
66. Flow sensor 76 1s able to measure whether or not steam 1s
flowing within line 66. Flow sensor 76 can be of any suitable
type, for instance, an orifice plate-type sensor. The control and
operation of valve 74 and sensor 76 will be more fully described
below.

The dryer system has a variety of overload temperature
sensors for sensing the temperature of the dryer system at various
locations. Temperature sensor 78 monitors the temperature in

combustion chamber 12. Temperature sensor 80 monitors the

temperature in duct 24 leading into dryer assembly 22. Temperature
sensor 82 monitors the temperature in separator 32. Temperature
sensor 84 monitors the temperature in duct 58 after fan 62.
Temperature sensors 78, 80, 82 and 84 can be of any suitable type,

such as a thermal couple or the like.
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With reference to Fig. 3, the schematic electrical

arrangement of the temperature sensors 1s shown. Temperature
sensor 78 1is electrically connected to a temperature controller 86

e 16 and steam

aline

which in turn is electrically connected to gas valv
valve 74. Sensor 78 senses the temperature within combustion
chamber 12, and after the temperature within combustion chamber 12

reaches a certain overload level, temperature controller 86 will

actuate gas valve 16 to shut off the flow of natural gas to
combustion chamber 12, thus extinguishing the burner flame within
the combustion chamber. Further, controller 86 will actuate steam
valve 74 so that steam is allowed to flow into the dryer system at
the above-described locations. As 1s apparent, the shutting down
of the combustion chamber will prevent further combustion gases
from beilng introduced into the dryer system, thus lessening the
possibility of fires and explosions. Additionally, the
introduction of steam into the system at the various locations will
sexrve to extinguish fires that may have developed within the
system, and, further, will serve to purge the entire system of
oxygen and flammable pyrolysis gaées. The purging of the system of

oxygen and pyrolysis gas results in a lessening of the chance of

N

fires and explosions.

Temperature sensor 80 which 1s disposed 1in duct 24
leading to assembly 22 is electrically connected to a temperature
controller 88. Temperature controller 88 1is in turn electrically
connected to gas valve 16, steam valve 74, steam flow sensor 76 and
fan controller 90. Temperature sensor 80 sends the temperature it
senses Co temperature controller 88. In response thereto
temperature controller 88 can perform a variety of safety
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operations depending upon the overload temperature sensed. More

specifically, Fig. 2 1is a flow chart of the sequence temperature
controller 88 pertforms. The first step controller 88 does 1s
determine 1f the temperaturé sensed by sensor 80 is at or above a
predetermined overload temperature T;. Thereafter, 1f the
temperature is at or above T,, controller 88 will actuate gas valve
16 so that the flow of natural gas into combustion chamber 12 1is
prevented and combustion chamber 12 is extinguished. Further,
controller 88 will actuate steam valve 74 to flood the dryer system
with steam. As described above with respect to sensor 78, the
extingulshment .of combustion chamber 12 and the steam flooding
serves to reduce the risk of fires and explosions within the dryer
system. Controller 88, however, continues to monitor the
temperature sensed by sensor 80. If the temperature sensed reaches
a higher overload temperature T,, temperature controller 88 will
then check to make sure that steam is flowing through line 66
through the use of flow sensor 76. If steam is flowing through
line 66, controller 88 will then electrically signal fan controller
90 to shut down fan 62. If steam is not flowing through line 66,
controller 88 will allow fan 62 to continue to run. The reasons
for the controller making these decisions will be more fully
described below. ‘

Temperature controller 92 and temperature controller 94
which are electrically connected to temperature sensors 82 and 84,
respectively, operate in the same manner as temperature controller
88. More specifically, controllers 92 and 94 are each electrically
connected to gas valve 16, steam valve 74, flow sensor 76 and fan

controller 90. Therefore, in response to the temperature sensed at
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the location of sensors 82 and 84, controllers 92 and 94 will
perform the same logic flow shown 1in Fig. 2.

With reference to Fig. 2, and as described above,
controllers 88, 92 and 954 c:mly shut down fan 62 after they have
confirmed that there is steam flow through line 66. The reason for
shutting fan 62 down only if there 1s steam flow 1nvolves an
evaluation or "weighing" of what is potentially the most dangerous
situation for the dryer system. More specifically, 1f the
temperature at sensors 80, 82 or 84 continues to rise, even atter
steam has been flowing through the system purging it of oxygen and
pyrolysis gases, there is likely a serious ailr leak somewhere 1in
the closed dryer system which is allowing the combustion of
material and the continual rise in temperature. By shutting off
fan 62, with the steam flowing, the likelihood of air from the

atmosphere entering the dryer system through the leak 1s reduced,

thus reducing the possibility that oxygen can fuel the combustion
and continue to create a dangerous situation. If, however, steam
is not flowing into the system due to a failure of the steam supply
system, for instance a failure of boiler 64, it 1s advantageous to
leave fan 62 oﬁ. More specifically, because there 1s no steam
purge golng on in the system, 1f fan 62 1s shut off, combustion
products 1n the system would not be moved or purged out of the
system. Therefore, if the temperature T, 1s reached and steam flow
1s not purging the system of oxygen or other pyrolysis gas, 1t 1s
1n the 1nterest of'safety to continue running fan 62 1n an attempt
to keep the gases moving through the system and, thus, possibly
prevent a buildup of combustible gases and a possible resulting

explosion. Thus, each controller 88, 92 and 94 pertforms an
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important two-step monitoring function. More specifically, each
controller, in light of the temperature and steam flow will make an
automatic determination to provide the system with the less risky
operation in an overload teﬁperature situation.

The number of temperature sensors and the location of the
temperature sensors can be varied for a particular type of system
depending on the structures found in that system and the material
to be dried in the system. In the preferred embodiment described,
there are four separate temperature sensors 78, 80, 82 and 84 used.
However, some of these temperature sensors may not be necessary.
For instance, it has been found that a large majority of fires 1in
a closed dryer system will occur within the separating structures
32, 42 and 44. More specifically, 1t 1s within these structures
that vyou have dried material which 1s more susceptible to
combustion rather than the wet material introduced into dryer 26.

Therefore, positioning temperature sensor 84 1in duct 58 where 1t

eline,

can easlly detect a rise in temperature 1in cyclone separators 42
and 44 and positioning temperature sensor 82 1in separator 32 so 1t
‘can readily detect a rise 1n temperature therein, offers an
advantageous way of monitoring this particularly high risk area.
Further, the temperature sensor 80 located 1in duct 24 exiting
combustion chamber 12, and temperature sensor 78 located 1in
combustion chamber 12 both allow easy monitoring for possible
overload temperatures in relation te the combustion chamber. More
specifically, oftentimes very fine dried material may be included
in the recycled gas introduced into chamber 12 by duct 60.

Therefore, this fine material may build up in combustion chamber

12. The buildup may obviously be ignited by the burner flame
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within the chamber, thus creating an over-temperature situation.
Temperature sensors 78 and 80 will monitor closely this other
potentially high risk area. As 1s apparent, where there may be
other potentials for fires,xan appropriate temperature sensor can

be located at any other location where the fire potential 1s high.

In addition to the temperature sensors, a pressure sensor
96 can be located in duct 24 as shown 1in Fig. 1. If pressure
sensor 96 senses a predetermined value of i1increase 1n pressure,
sensor 96 will operate to shut down gas valve 16 and begin steam
purging by opening valve 74. Therefore, pressure sensor 96 offers
a further safety feature which will respond to a predetermined
increase 1in pressure within the system. By extingulshing the
burner flame in combustion chamber 12, and purging the system with
steam, agaln the possibilities of a fire or explosion are reduced.

In addition to pressure sensor 96, another pressure

sensor 98 can also be disposed in steam line 66 prior to valve 74.
Sensor 98 can be hooked up to the overall operating system such
that betfore the system is even started, it is verified that there
1s steam pressure. If there is not adegquate steam pressure sensed
at pressure sensor 98, the startup of the entire system will not be
allowed.

As 1s apparent, the temperature sensors and pressure

sensors described above can be utilized in other dryer systems

connected to dryer system 10. In other words, sensors can be
located as they are in dryer system 10 in the other connected dryer
systems such that each dryer system has a separate safety and

control system.
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We claim:

1. A safety operating method for a dryer system, the
dryer system having a combustion chamber, a dryer and a separator,
the combustion chamber sup:plying heated gas to the dryer, wet
material being mixed with the heated gas in the dryer, and dried
material being separated from the gas i1n the separator, the method
comprlising:

sensing the temperature of the dryer system;

extinguishing the combustion chamber in response to the
temperature reaching the predetermined value; and .

introducing steam into the dryer system 1n response to

the temperature reaching the predetermined value.

2. The method of claim 1 wherein the temperature sensed
1s that of the gas after it has been separated from the material in
the separator, and wherein the combustion chamber 1s extinguished

and steam 1s introduced into the dryer system 1n response to the

temperature of the gas reaching the predetermined value.

3. The method of claim 2 wherein a second temperature

1s sensed, the second temperature being that of the mixture of gas

‘and material after it has exited the dryer, and wherein the

combustion chamber is extinguished and steam is introduced into the

dryer system in response to the temperature of the mixture reaching

the predetermined value.

4 . The method of claim 3 wherein a third temperature 1s
sensed, the third temperature being that of gas after it has exited

the combustion chamber and prior to 1t being exposed to the wet

material 1in the dryer, and wherein the combustion chamber 1s

extinguished and steam is introduced into the dryer system 1n
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-t

response to the temperature of the gas reaching the predetermined
value.

5. The method of claim 1, wherein the dryer system

includes a fan for increasing the flow of gases through the dryer
system, the method further comprising:
turning off the fan in response to the sensed temperature

of the dryer system reaching a second predetermined value that is

higher than the first predetermined value.

5 . The method of claim 5 further comprising:

sensing whether there is steam flow to the dryer system
prior to the fan being turned off.

7. The method of claim 1 further comprising:

sensing the pressure of the dryer system; and

turning off the entire dryer system 1in response to a
sensed pressure increase.

8.. The method of claim 1 further comprising:

sensing the temperature in the combustion chamber; and

extinguishing the combustion chamber if the temperature
in the combustion chamber reaches a predetermined value.

9. A method of constructing a safety system for a dryer
system, the dryer system having a combustion chamber, a dryer and
a separator, the combustion chamber supplying heated gas to the
dryer, wet material being mixed with the heated gas in the dryer,
and dried material being separated from the gas in the separator,
the method comprising:

positioning a temperature sensor so that it senses the
temperature of the gas after it has been separated from the
material 1in the separator, and wherein, in response to the
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temperature of the gas reaching a predetermined value, the

combustion chamber is extinguished and steam is introduced into the
dryer system; and

positioning a second temperature sensor so that it senses
the temperature of the mixture of gas and material after it has
exited the dryer, and wherein, in response to the temperature of
the mixture reaching the predetermined wvalue, the combustion
chamber 1s extinguilished and steam is introduced into the dryer
system.

10. The method of claim 9 further comprising:

positioning a third temperature sensor so that it senses
the temperature of gas after it has exited the combustion chamber
and prior to it being exposed to the wet material in the dryer, and
wherein the combustion chamber is extinguished and steam 1is
introduced into the dryer system in response to the temperature of
the gas reaching the predetermined value.

11. The wmethod of claim 9, wherein the dryer system
includes a fan for increasing the flow of gases through the dryer

system, the method further comprising:

electrically connecting the fan to the first and second

Ctemperature sensors so that the fan can be turned off in response
to either of the temperature sensors ©reaching a second

predetermined value that is higher than the first predetermined

value of that sensor.
12. The method of claim 11 wherein the dryer system

includes a steam flow sensor, the method further comprising:
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electrically connecting the steam flow sensor to the
first and second temperature sensors so that the existence of steam

flow is sensed prior to the fan being turned off.

Ridout & Mavbee
Suite 2400
One (esn Streat East
Taronto, Canada MSC 381
Patant Agants of the Appiicant
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