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METHOD AND APPARATUS FOR PROVIDING
TEMPERATURE-CONTROLLED FLUID FLOW

Background of the Invention
Field of the Invention
' The invention relates to a method and apparatus
for heating a fluid to provide temperature-controlled fluid
flow.

Description of Related Art
Various processes involve the provision of a

stream of air or other fluid at a /controlled temperature
above ambient temperature. One example is the setting and
drying of inks, varnishes or coatings on stock in a
printing operation, as described in co-pending application
Serial No. 585,784,‘filed September 20, 1990. As described
in the above-referenced application, it has been found that
the apparatus described therein which employs PTC
thermistors to provide temperature-controlled airflow to

accelerate setting and drying of liquid media on stock in

a printing operation can provide significant advantages

" over prior methods. In that apparatus, a pair of

substantially planar thermistor assemblies are disposed
side-by-side, with a fan associated with each assembly.

Where a stream of air is heated by a conventional
heating coil having a uniform, constant voltage, applied
thereacross, increased airflow may result in significantly
lower output air temperatures, with thermal power output
remaining substantially unchanged. The apparatus described
in the above-referenced co-pending application responds to
increased airflow by increasing thermal power output, but
output air temperature still generally decreases as a
function of increased airflow (although to a lesser extent
than where conventional heating elements are used).

It is a general object of the present invention
to provide a method and apparatus for effecting temperature
controlled fluid flow in which the output fluid temperature
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is substantially independent of fluid‘flow'rate. Further

objects of the invention are disclosed below.

summary of the Invention
The invention provides a method and apparatus for

prov1d1ng' temperature—controlled. fluid flow at variable

'flow rates through the use of a .plurality of positive

temperature coefficient thermistors ‘disposed in physical
series within a conduit, in heat exchange relation with
fluid flowing through. the conduit. The method and
apparatus can be used to maintain output air temperature
substantially constant over a range of airflow rates, or
alternatively can be used to vary output air temperature
while the airflow rate is held constant. In one
embodiment, the apparatus is employed for accelerating
setting and drying of liquid medium on stock in a printing
operation. The apparatus in this embodiment comprises a
conduit structure in the form of an elongated loop having
an elongated, substantially linear outlet plenum with a
plurality of nozzles disposed at longitudinal intervals
therealong, disposed across the width of a press transfer
bed. Assemblies of thermistors in series are-disposed at
opp051te ends of the outlet plenum, and airflow into the
conduit is divided between the two assemblies so as to flow

jinto the outlet plenum at both ends.

In accordance with a further aspect of the
invention, each of the thermistor assemblies may comprlse
a plurality of insulated receptacles disposed within a
portion of the condu1t, with each of the thermistors being
nested within a respective one of the receptacles, such
that the receptacles provide spacing and electrical
insulation betweén adjacent thermistors. This enables the
thermistors to be conveniently connected electrically in
parallel with one another by a paif of elongated
electrically-conductive rods extending through openings in
the receptacles.

In accordance with an alternate embodiment of the

invention, the thermistors may be connected electrically in

o~
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series by stacking the thermistors together so that their
conductive faces are in physical contact with one another,
or by separating them with conductive brass bushings having
interior surfaces corresponding to the shapes of the
thermistors to enable heat transfer from the thermistor
faces to air disposed between the thermistors.

Where uniform, constant voltage is supplied to
the thermistors, the thermistors' inherent positive-
temperature coefficient enables 6utput air temperature to
be maintained within a relatively narrow range regardless
of variations in airflow over a relatively wide range.
Where it is desired that output temperature be
substantially lower than the Curie temperature of the
thermistors, an integrating thermocontroller may be
provided to selectively switch the thermistors between "on"
and "off" states in response to input from a thermocouple
or a thermostatic device. This capability enables
temperature of output air to be controlled precisely and
varied as desired with airflow rate maintained constant.

Further aspects of the invention will become
apparent from the detailed description which follows.

Brief Description of Drawings

FIG. 1 is a perspective view illustrating
apparatus in accordance with an embodiment of the
invention. ‘

FIG. 2 is a fragmentary perspective view of
apparatus in accordance with a second embodiment of the

invention.

FIG. 3 is an explbded perspective view of a
portion of the apparatus of FIG. 1.

FIG. 4 is an exploded perspective view of a
portion of the apparatus of FIG. 3 comprising a thermistor
in conjunction with an associated spacer.

FIG. 5 is a front elevational view of the spacer
of FIG. 4.

FIG. 6 is a rear elevational view of the spacer
of FIG. 4.
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FIG. 7 is a sectional view .taken ‘substantially
along line 7-7 of FIG. 6. A
FIG. 8 is a schematic perspective view
illustrating the apparatus of FIG. 1 installed in a

printing press.
FIG. 9 is an electrical schematic -~ diagram

jllustrating a control system for use in an embodiment of

the invention.

Detailed Description of preferred Embodiments
The invention is preferably embodied in a method

and apparatus for heating a fluid to provide temperature-
controlled fluid flow; The method and apparatus can be
used to maintain output air temperature substantially
constant over a range of airflow rates, or alternatively
can be used to vary output air temperature vwhile the
airflow rate is held constant. For purposes of example,
the invention will be described in an embodiment which is
particularly adapted for use in effecting temperature-
controlled airflow to accelerate setting and drying of
liquid media on stock in a printing operation.

Referring to FIG. 1, the apparatus in the
illustrated embodiment comprises a unit 10 which includes
a conduit structure having an elongated loop configuration
for transmitting air from an inlet 14 to a plurality of air
nozzles 16. Air flowing into the inlet is divided equally
at a T-fitting 18 into a pair of oppositely extending,
substantially linear sections 20, 22 which extend outward
to 180° bends 22 at opposite ends of the unit. Disposed
immediately downstream of the bends 22 are a pair of
thermistor assemblies 24, comprising a plurality of
thermistors 26 disposed in physical series. Between the
thermistor assemblies 24 is a substantially linear outlet
plenum 28 having a plurality of aligned nozzles 29 therein.
Thué, the thermistor assemblies 24 providg'balanced airflow
into opposite ends of the outlet pleﬁum 28 to provide

evenly distributed airflow'alpng the length thereof.
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As illustrated in FIG. 8, one or more of the
units 10 may be mounted on a printing press 30 so as to
provide evenly distributed airflow at a controlled
temperature across the width of the press transfer bed 32.
The illustrated press 30 is a high-pile press, employing a
conventional gripper mechanism to transfer sheets. The
gripper mechanism comprises a plurality of gripper bars 34
thereon which are carried along the lower portion 36 of the
chain as they transport sheets along the transfer bed for
release into a pile. After releasing the sheets, the
gripper bars return along the upper portion 38 of the
chain. '

To promote efficiency in effecting flow of
temperature-controlled air over liquid media such as inks,
varnishes, or coatings on the sheets, the units 10 are
disposed between the upper and lower portions of the chain,
with the outlet plena 28 in close proximity to the sheets,
and with the nozzles 16 pointing downward so that air will
impinge on the sheets as it is blown outward through the
nozzles. ' .

As illustrated in FIG. 8, three units 10 may be
disposed in a series over the press transfer bed 32. Air
is supplied to the units 10 by a manifold 40 which receives
air from a shop air line 42 charged by a compressor. A'
valve 43 or other means may be employed to enable variation
of flow rate.

As illustrated in FIG. 3, each of the thermistor
assemblies 24 is enclosed in a cylindrical portion 44 of
the conduit structure 12 which, in the illustrated
embodiments, is enlarged as compared with the remainder of
the conduit structure. For purposes of example, the
conduit structure may comprise primarily 1-1/2 in. pipe
with the enlarged portions 44 comprising segments of 3 in.
diameter copper pipe. Annular aluminum end members 45 are
provided at opposite ends of the enlarged segments to
connect the enlarged sections 44 to the 1-1/2 in; diameter
portions contiguous therewith. Each of the thermistor
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assemblles 24 in the illustratéd embodiment comprises six
thermistors arranged.ln physical series within the enlarged
segment 44, connected electrically in parallel.

Each of the six PTC thermlstors 26 is nested in
a separate non-electrically conductive ceramic receptacle
46 hav1ng' a substantially cyllndrlcal “outer perlpheral
surface 47 for fitting closely within the associated pipe
segment 44. A substantially triangular opening 48 extends
longitudinally therethrough, with an internal shoulder 49

to support the associated thermistor 26 stably therein.

Three threaded brass rods 50a, 50b and 50c extend through
longitudinal bores 52 in the ceramic receptacles to provide
mechanical integrity for the assembly. Two of the three
threaded rods 50a and 50b ~also perfofm an electrical
function, providing parallel electrical connection for the
51x thermistors 26. 7 '

PTC thermistors are characterlzed. by a sharp
increase in electrical resistance as a function of
temperature. Known PTC thermistors are made of an oxide
semiconductor ceramic comprising barium titanate doped with
trivalent ions such as yttrium or pentavalent ions such as
niobium. ' , '

A significant characteristic of the thermistor is
its Curie temperature, which is a temperature at which
rapid increase in resistance as a function of temperature
occurs, at which the thermistor has a resistance of twice
the minimum ,re51stance value, with resistance being
measured using a terminal voltage of 1.5 volts DC or less.
The preferred PTC thermistors 26 are commercially available
curie thermistors which have a curie temperature of about
260°C. Each has conductive coatings on its opposite major
faces 54 and 56, with a respective electrical lead 58
welded to each face. This arrangement provides current
flow across the semiconductive element over substantially

the entire area thereof.
The thermistors in the 111ustrated. embodiment

have a plurality of small transverse openings 60 formed

(13
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therethrough for airflow. The openings 60 may have a
diameter of, e.g., about 1. mm, with each perforation
equally spaced from adjacent perforations disposed at 60°
intervals at center-to-center distance of about 2 mm. Each
thermistor is generally triangular, and, more'specifically,
is shaped as an equilateral triangle.

Each of the leads 58 extends to a lug or
connector 62 at its end. Each of the connectors 62 has a
circular opening 64 therein for engaging the associated
threaded rod. An arcuate recess 66 is provided on one face
of the receptacle 46 to accommodate the leads 58. Each of
the bores 52 accommodating one of the electrical conducting
threaded rods has- a counterbore 67 for receiving the
connector and a nut which provides a good electrical
connection between the thermistor and the associated rods
50a and 50b.

) The ceramic receptacles may be cast from dental
clay. As an alternative to the illustrated ceramic
receptacles, receptacles of similar configuration may be
injection molded from a high temperature plastic for volume
production.

It should be appreciated that various
alternatives to the specific thermistor configuration
illustrated may be provided. For example, thermistors of
various shapes might be employed as alternatives to the
triangular thermistors illustrated herein which are
commercially available items. The triangular thermistors
have an advantage of allowing space to install conductor
rods, as in the illustrated configuration. However,
circular disc-shaped thermistors might alternatively be
employed, stacked without the use of receptacles, or with
conductive receptacles such as brass bushings having
openings therein corresponding to the shapes of the
thermistors, with the thermistors eléctrically connected in
series. Alternatively, a conduit of square cross-section
might be employed in combination with "barn"-shaped
thermistors, i.e., thermistors having the shape of a square



WO 93/05352

10

15

20

25

.30

35

PCT/US92/07402

-8-

with two adjacent cornefs cut off to accommodate electrical
connecting rods to connect the thermistors.

Also, the number of thermistors in the assemblies
may be varied in accordance with the demands of a
partlcular usage context. As the number of thermistors in
the series is increased, flow resistance increases,
resulting in a fluid pressure drop across the assembly.
However, increasing the number of thermistors has the
advantage of increasing " the unlformlty of output air
temperature that can be achieved without external controls.

In balancing the foregoing considerations, and
also taking into consideration the current loads of the
thermistors, the number of thermistors in each assembly has
been selected to provide optiméi performance in the context
of the illustrated use in a high-pile press. In other
contexts, other numbers bf'thermistors might be preferable.

A 220-volt power system is preferably employed.
The thermistors draw about 3300 watts when a compfessor
producing 90 cfm at 52 in. H)0 is used to prov1de ambient
air. ©Peak power consumption would be approx1mately 6600
watts, over a start-up period of several seconds. The
thermistors in the illustrated embodiment preferably have
a surface temperature of about 260° C. At airflow rates of
100 cfm, the épparatus described above provides an output
air temperature of about 240° C.

Ac illustrated in FIG. 2, a temperature sensing
device 86 which may comprise a thermocouple or thermostat,
may be employed to detect output air temperature. If
output air temperature substantlally below the 260° C.
range is desired, an integrating thermocontroller 80 may be
employed to switch the thermistor assemblies 24 on and off
in order to provide the de51red output alr'temperature.

The thermocontroller 80 includes a thermostat
which compares the actual air temperature downstream from
one of the thermistor assemblies with a preset reference
temperature. The controller selectively switches the

thermistors 26 between "on" and "off" positions as
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necessary to adjust the output temperature toward the
reference temperature. When the actual temperature is
approaching the reference temperature, the controller
effects switching before the reference temperature is
reached. '

The controller 80 effects switching of the
thermistors 26 through the use of a relay 88.  The
controller selectively 80 applies a 24 volt current to the
relay 88 to effect switching of 220 volt current to the
thermistors. Power for the thermistors as well as the
controller is supplied by a 220 volt power supply 82. A
transformer 84 steps the voltage down to 24 volts for the
relay.

A manual switch 90 may be provided to enable the
operator to override the controller and maintain the
thermistors constantly in the "on" state for a desired
period of time. This may be useful during start-up, or
during other circumstances when it is desirable to maximize
heat output. A main power switch is shown at 92.

The use of the controller 80 enables setting
and/or drying of ink to be accelerated to a desired degree
while also enabling heat output to be limited approximately
to a minimum, so as to avoid excessive heating of
environmental air, and excessive energy usage. While the
preferred thermistors 26 have Curie temperatures of about
260° C., the thermocontroller 80 as described above enables
air output temperature to be maintained at any desired

Atemperature, from ambient temperature up to about 240° C.,

with relatively 1little variation in air temperature
resulting from variation in airflow rates.

From the foregoing, it should be appreciated that
the invention provides a novel method and apparatus for
providing temperature-controlled fluid flow at variable
flow rates. The invention is not 1limited to the
embodiments described herein, and may be embodied in, e.g.,
apparatus for effecting heat-shrinking of polymeric film
material in packaging operations; apparatus for heat
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sealing of various polymeric materials; curiné of inks or
dyes in operations for silk-screening articles of clothing;
or various other contexts where it is desirable to provide
fluid flow at a controlled temperature which is capable of
5 being maintained within a relatively narrow range
regardless of variations in flow rate over a relatively

wide range.
The invention is particularly pointed out by the

following claims.
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What Is Claimed Is:

1. Apparatus for providing temperature-
controlled fluid flow, comprising:

a conduit structure having an inlet and at least

one outlet;

means for effecting flow of fluid through said
conduit structure from said inlet to said at least one
outlet at a flow rate within a predetermined range;

at least one assembly of positive temperature
coefficient thermistors, each assembly comprising a
plurality of positive temperature coefficient thermistors
disposed in physical series within said conduit structure
between said inlet and said at least one outlet for heat
exchange with said fluid flowing through said conduit
structure; and

means for supplying current to said thermistors.

2. Apparatus in accordance with Claim 1 wherein
said at least one assembly of positive-temperature-
coefficient thermistors comprises a pair of thermistor
assemblies. .

3. Apparatus in accordance with Claim 2 wherein
said conduit structure provides two separate flow paths to
said at least one outlet, said conduit structure comprising
a divider adjacent said inlet and downstream therefrom for
dividing fluid flow;

a pair of substantially linear sections extending
in opposite directions downstream from said divider;

‘a pair of 180° bend sections, with a respective
one of said bend sections extending downstream from each of
said substantially linear sections;

a pair of containment sections containing said
assemblies of PTC thermistors, disposed between said 180°
bend sections and downstream therefrom; and

a substantially linear outlet section disposed

between said containment sections and downstream therefrom;
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said at least one outlet comprising a plurality
of outlet nozzles disposed at longitudinally spaced
locations along said outlet section. '

4. Apparatus in accordance with Claim 1 wherein
each of said assemblies further comprises a plurallty of
insulative receptacles dlsposed longitudinally within a
portion of said conduit, each of said thermlstors being
nested within a respectlve one of said receptacles, said
receptacles providing spacing between adjacent thermistors.

5. Apparatus in accordance with Claim 4 wherein
said assembly further comprises a pair of elongated

electrically-conductive rods for connecting said

thermistors electrically in parallel, said receptacles
having bores formed therein to accommodate said rods.

6. Apparatus in accordance with Claim 1 wherein
said thermistors are connected electrically in parallel.

7. Apparatus in accordance with Claim 1 further
comprising means to supply a substantially uniform,
constant voltage to said thermistors. | o

8. Apparatus in accordance with Claim 1 further
comprising an integrating thermocontroller for selectively
switching said thermistors between an "on" state and an
noff" state to adjust air output temperature toward a
preset reference temperature.

9. A method of providing temperature-controlled

fluid flow, comprising:

providing a conduit structure having an inlet and

at least one outlet;
effecting flow of fluid through said conduit

structure from said inlet to said at least one outlet;
providing at least one thermistor assembly, each
comprising a plurality of positive-temperature-coefficient
thermistors disposed in physical series within said conduit
structure between said inlet and said at least one outlet
for heat exchange with said fluid flowing through said

conduit structure, each of said thermistors having a Curie

[
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temperature, said fluid being at a temperature'below said
Curie temperature at said inlet; and

supplying electric current to said thermistors

10. A method in accordance with Claim 9 wherein
said thermistors in each assembly are connected
electrically in parallel. '

11. A method in accordance with Claim 9 wherein
said thermistors in each assembly are connected
electrically in series. -

12. A method in accordance with Claim 9 wherein
the Curie temperatures of said thermistors are
substantially equal to one another, said Curie temperatures
being about 260° C.

13. A method of effecting temperature-controlled
airflow to accelerate drying of liquid media on stock’as
said stock travels from a first location to a second
loéaiion in a printing press, comprising:

providing a conduit structure having an inlet and
at least one outlet;

effecting flow of air through said conduit
structure from said inlet to said at least one outlet;'

providing a plurality of positive-temperature-
coefficient thermistors disposed in physical series within
said conduit structure between said inlet and said at least
one outlet for heat exchange with said air flowing through
said conduit structure, each of said thermistors having a
Curie temperature, said air being at a temperature below
said curie temperatures at said inlet;

supplying current to said thermistors; and

directing said air from said outlet to said
stock.

14. Apparatus for providing temperature-
controlled airflow to accelerate drying of liquid media on
stock as said stock travels from a first location to a
second location in a printing press, comprising:

a conduit structure adapted to be supported on
the printing press, having an inlet and at least one outlet;
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means for effecting flow of air through said
conduit structure from said inlet to said at least one
outlet: | '

at least one thermistor assembly comprising a
plurality of positive-temperature-coefficient thermistors
disposed in.physiCal se:ies'within said conduit structure
petween said inlet and said at least one outlet for heat
exchange with said air flowing through said conduit
structure, each of said thermistors having a Curie

temperature; and _ ‘
means for supplying electric current to said

thermistors. _
_ - 15. Apparatus in accordance with Claim 14
wherein each of said thermistor assemblies comprises six

thermistors connected electrically in parallel.
16. Apparatus in accordance with Claim 14

further comprising thermostatic control means for operating
said thermistors at temperatures substantially below their

Curie temperatures.
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beombination. Inventions in this relationship are distinet if it can be

temperature are related as combination and su
shown that (1) the combination as claimed does not require the particulars of the subcombination as claimed for

patentability, and (2) that the subcombination has utility by itself or in other combinations. (M.P.E.P.§ 806.05(c)). In
the instant case, the combination &s claimed does not require the particulars of the subcombination as claimed because
the airflow temperature through the printer press drier apparatus could be controlled by separate means such as a heat
exchanger or a radiant heat pipe connected to 2 thermoset. The subcombination has separate utility such as providing

temperature heating for hair curlers or an electronic mosquito zapper.
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