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This invention relates to an explosion proof radiant
heater and control arrangement therefor.

One object of the invention is the provision of a
radiant heater for use in potentially explosive - atmos-
pheres and having a control arrangement which functions
to prevent the ignition of the explosive atmosphere by
the operation of the heater.

A more specific object is the provision of a heater hav-
ing a control circuit which functions to permit energiza-
tion of radiant heating elements or emitters initially only
in response to satisfaction of several conditions indicai-
ing safe operating conditions, and de-energizes the emit-
ters and prevents contact of explosive vapors therewith
while the emitters cool if they are accidently subject to
being exposed to the explosive vapors.

The type of radiant heater with which the invention is
concerned is an electrically powered heater adapted to
supply heat to personnel, such as jet aircraft maintenance
personnel, working in potentially explosive atmospheres.
In such an environment the necessity of adequate safety
features will be readily appreciated,

In accordance with the invention, electrically powered
radiant heating elements or emitters are encased within
an air tight casing provided with a lens face through
which the heat is transmitted by radiation to the person-
nel requiring the heat. The casing, within which the emit-
ters and most of the circuitry controlling these elements
are contained, is made air tight to prevent the entrance
of explosive vapors. A supply of liquid coolant under
pressure is provided and is disposed to be discharged up-
on the emitters and throughout the interior of the casing
to cool the emitters rapidly and prevent the admission of
explosive vapors if the pressurization of the casing is lost
while the emitters are energized. Switch means respon-
sive to the casing pressure, the coolant supply pressure,
and selected exterior surface temperatures on the casing,
are provided in a circuit which controls energization of
the emitters. The coolant pressure responsive switch, the
casing pressure responsive switch, and the casing surface
temperature responsive switches are all required to be in
a position indicating safe operating conditions before the
emitters may be energized. After energization of the
emitters, if the lens should be broken, or the casing loses
its pressure for any reason, the emitters are de-energized,
and a solenoid controlling a collant valve is energized
to permit release of the coolant over the hot emitters to
cool them, and throughout the casing to exclude the
hazardous vapors until the temperatures within the cas-
ing are reduced to a safe level.

An initial time delay preventing energization of the
emitters until all circuits and temperatures are safe is
provided by a millivolt circuit powered by a thermo-
electric power generator energized under conditions of
adequate casing pressure and coolant pressure. The
thermoelectric power generator also serves as a source
of. power for a short period after casing pressure is lost
and the emitters are de-energized to hold the circuit to
the coolant valve solenoid closed so that coolant can be
released.
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The invention will be described in connection with the
accompanying drawing illustrating an embodiment there-
of by way of example, and wherein:

FIGURE 1 is a perspective view of a radiant heater
embodying the invention; and

FIGURE 2 is a schematic representation of the control
circuit and coolant system for the radiant heater accord-
ing to the invention.

The box-like housing or casing 2 for the heater is an
air tight structure provided with a glass lens 4 on one
face with the radiant heating elements or emitters 6 dis-
posed in reflectors 8 to radiate heat through the lens.
A hand squeeze bulb 10 is used to pressurize the casing,
and a guage 12 indicates the pressure within the casing.
A wire grid 14 is provided over the face of the lens
to reduce the chance that it will be accidently broken.

If the lens 4 is broken while the emitters are energized
and therefore hot, it is necessary to rapidly cool them
and to prevent their contact by potentially explosive
vapors while they are cooling. To this end a coolant dis-
tribution system capable of flooding the hot emitters and
filling the heater casing with inert vapor to exclude the
potentially explosive vapors is provided.

The coolant system part of FIG. 2 will be described
first and includes a supply of coolant in a pressurized con-
tainer 16 connected to a distribution network of tubes
18 for conveying the fluid when released, the tubes ex-
tending to several outlets adjacent the emitters 6 and ad-
jacent a thermoelectric power generator 26. The coolant
is, under normal conditions, prevented from entering the
distribution network 18 by means of a normally closed
valve 22 operable to an open position when solenoid 24
is energized. The coolant system condition is integrated
into the power control circuit by means of a coolant pres-
sure responsive electrical switch 26 held in a closed posi-
tion when the cooling pressure is adequate to insure quick
discharge of the coolant through the system, and which
operates to an open position when the coolant pressure
is for any reason reduced below a value adequate to ob-
tain satisfactorily quick discharge. Preferably the cool-
ant container 16 is rechargeable and therefore a charging
valve 28 in a charging line is provided as shown.

The preferred fluid as presently contemplated is a
fluorochemical liquid having an extremely low viscosity
at low temperatures such as minus 65° F. and which is
non-toxic, non-combustible and electrically inert. One
suitable fluid is a liquid identified as FC-75 manufac-
tured by Minnesota Mining and Manufacturing Com-
pany.

The heater of this example is designed to operate on
115 volt, 60 or 400 cycle A.C. power which is brought
into the casing by the power line 30 through a pressure
connector 32. The confines of the pressurized casing are
represented by the heavy broken line outline 34 and all
components shown within this outline are physically with-
in the pressurized space in the casing, and all elements
shown outside of the outline are exposed to the atmos-
phere surrounding the casing.

The manually operated selector switch 36 has one
side connected to the power line and is operable to an
“off” position, or any one of three “on” positions for
selecting varying degrees of heating. This switch 36 and
the switch 38 forming part of the power relay 49 must be
closed to energize the emitters §. The power relay switch
38 is actuated from its normally open position to a closed
position when winding 42 is energized.

The casing pressure responsive switch assembly 44
includes a normally-open, single-pole, single-throw switch
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46 operable to a closed position in response to adequate
casing pressure, and a single-pole, double-throw switch
48 also shown in a position corresponding to inadequate
casing pressure and operable to the alternate position
" in response to the adequate casing pressure.

The relay assembly 58 includes normally-open, single-
pole, single-throw switches 52 and 54 responsive to the
condition of a millivolt circuit which includes the wind-
ing 56 which controls the position of switches 52 and 54.
‘One suitable relay of this character is commercially avail-
able from Penn Conirols, Inc., as No. 5RB1U1. When
the millivolt circuit is in a completed condition and
carries adequate current, the corresponding energization
of the winding 56 in the millivolt wcircuit effects the
closure of the switches 52 and 54.

The source of D.C. power for actuating the power
relay winding 42 when the proper switches are closed is
the full wave rectifier 58.

The power source for the millivolt circuit is the thermo-
electric power generator 28 which includes a heater
component 62 and an electrical power generator com-
ponent 64. One example of a suitable generator 20 is
that identified as No. 349-1333 manufactured by Penn
Controls, Inc. The generator element 64 is connected
in series with the winding 56 (which controls the actua-
tion of switches 52 and 54), and a series of normally-
closed surface temperature responsive switches 66 (also
shown in FIG. 1) disposed on the exterior of the casing 2
and adapted to operate to an open position to break
the millivolt circuit in the event of an excessive tempera-
ture being sensed by any one of these switches 66. Suit-
able switches for this purpose are manufactured by Metal
and Controls Corp., and identified by the No. C4344,
A pressure tight connector 68 is provided on the casing
for the passage of connecting wires between the switches
66 and the remainder of the millivolt circuit.

Before the emitters 6 may be energized, a number of
conditions indicating the possibility of safe operation of
the heater must exist. The principal conditions include
the manual closure of the heat selector switch 36, an
adequate coolant supply pressure, an adequate casing
pressure, energization of the-millivolt circuit for a suf-
ficient time, and the lack of an excessive exterior surface
temperature of the casing. The sequence of steps which
take place to energize the emitters 6 follows., The power
line 30 is connected to a source of alternating current
power, and the hand squeeze bulb (FIG. 1) is operated
to pump up the casing interior pressure to a selected
value (such as 10 to 15 inches water column) in excess
of the pressure required to actuate the casing pressure
switches 46 and 48. When the gauge on the exterior of
the casing indicates an adequate pressure, the manual
selector switch 36 is closed to a low heat position.
Assuming that the coolant supply pressure is sufficient
to hold switch 26 closed, the rectifier 58 is energized
through line 78 connected to the low heat contact of
the selector switch 36, switch 26, line 72 connected to
one side of the rectifier 58, and line 74 completing the
circuit from the rectifier back to the A.C. power line. It
is noted that the rectifier can be energized even though
the casing pressure is inadequate, but nothing further
will happen toward energizing the emitters 6 until casing
pressure is adequate.

However, with adequate casing pressure, switch 46 is
in a closed position and this results in energization of
heater 62 (in parallel with the rectifier when switch 46
is closed) -of the thermoelectric power generator through
line 76. Adequate casing pressure also results in oper-
ation of the switch 48 to its alternate position connect-
ing one side of the rectifier output through line 78 and
line 86 with one side of switch 54 of the millivolt circuit
powered relay 50. When the switch 54 closes in response
to a condition of winding 56 indicating energization of
the millivolt circuit and the lack of unsafe temperatures
sensed by switches 66 of the millivolt circuit, then the
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circuit to the power relay winding 42 is completed through
Jine 82 connected from switch 54 to one side of winding
42, and line 84 connected from the other side of wind-
ing 42 back to the other side of the rectifier output.

A circuit is also provided to permit the energization
of the solenoid 24 which controls the coolant valve 22.
This circuit includes, starting with one side of the out-
put of rectifier 58, line 78, switch 48 in its position
corresponding to inadequate casing pressure, line 86 con-
necting switch 48 with switch 52, line 88 between switch
52 and one side of the solenoid 24, and line 84 from the
other side of solenoid 24 back to the output of the
rectifier.

The solenoid 24 for the coolant valve is energized to
permit the release of the coolant only under a condition
in which the emitters 6 have been in an energized con-
dition and there is then a failure of casing pressure. In
tracing the coolant release circuit it will be apparent
that switch 52 must be in a closed position for the circuit
to be completed, and the closure of this switch is initially
accomplished only in a situation wherein the other switch
54 of the relay has also been closed to energize the
emitters.

The character of the thermoelectric power generator
28 provides an initial time delay of about two minutes
between the energization of the heater component 62 and
the generation of sufficient power by the generator com-
ponent 64 to actuate the switches 52 and 54 through
winding 5§6. This time delay enables the operator to
check the casing pressure gauge and other elements before
the power relay winding 42 is energized through closure
of switch 54 in response to the completed and energized
millivolt circuit. When the power relay 42 closes the
switch 40, one or more of the emitters 6 are energized
in accordance with the position of the selector switch 36.

With the emitters 6 energized, if the pressure of the
coolant supply drops below a selected value resulting
in switch 26 opening, or if any one of the exterior switches
66 opens in response to a sensed unsafe temperature, the
emitters will be de-energized; in the first case by de-
energizing the rectifier 58 and in the second case by
opening switch 54 in the circuit to the power switch relay
winding 42. In neither case is there any discharge of
the coolant since the casing pressure is adequate and
there is no reason for rapid cooling of the emitters.

However if the casing pressure drops below the selected
level while the emitters are energized, switch 46 will open
and switch 48 will operate to its illustrated position in
response to the reduction in case pressure. Opening of
switch 46 de-energizes heater 62 of the thermoelectric
power generator, but the residual heat results in the
generator component 64 continuing to generate enough
power that winding 56 holds switches 52 and 54 in their
closed position for a short period while the coolant release
circuit is energized with power from rectifier 58. The
rectifier of course remains energized so long as the selector
switch 36 and coolant pressure switch 26 are closed. The
completed circuit through the solenoid 24 includes line
78, switch 48 in its inadequate casing pressure position,
line 86, switch 52 in its closed position held there in
response to continued energization of the winding 56,
line 88, solenoid 24, and line 84 back to the rectifier.
Upon release of the coolant through opening of valve
22, the coolant pressure switch 26 will open and de-
energize the rectifier 58 and the coolant valve will again
return to its closed position.

While the coolant valve 22 is open the emitters 6 are
flooded with the coolant to effect their rapid cooling and
isolate them from the atmosphere. The heater is incapable
of again being operated until the supply of coolant is
replenished and pressurized to a value resulting in closure
of switch 26.

As will be appreciated that by those versed in the art,
the millivolt circuit arrangement incorporating the surface
temperature responsive switches 66 permits the use of
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wiring outside of the casing which is not encased nor
sealed within rigid conduit, as heretofore disclosed in my
patent application S.N. 188,806, filed April 19, 1962,
now Patent No. 3,160,738, granted December 8, 1964.
The thermoelectric power generator arrangement further
produces the initial time delay before switch 40 can be
closed and also produces a sufficient time delay after
casing pressure is lost to hold switch 52 in a position
permitting energization of the coolant valve solenoid 24
even though the circuit to the power switch relay winding
42 is opened.

The invention claimed is:

1. A radiant heater conmstruction and control system

comprising:

(a) an air tight casing adapted to be pressurized and
having electrical heating means therein;

(b) a supply of coolant under pressure adapted upon
release to be discharged interiorly of said casing
and to cool said electric heating means;

(c) means restricting energization of said electrical
heating means to an initial condition of at least a
minimum. pressure in said wcasing, at least another
minimum pressure of said coolant supply, and se-
lected surface temperature conditions of said casing
below a predetermined value; and,

(d) means for de-energizing said electrical heating
means and releasing said coolant upon a reduction of
pressure in said casing below said first minimum
pressure.

2. A radiant heater construction and control system

comprising:

(a) apressurized casing having electrical heating means
therein;

(b) a supply of coolant under pressure adapted upon
release to be discharged interiorly of said casing to
rapidly cool said electric heating means;

(c) a power switch controlling power to said electrical
heating means;

(d) a normally closed valve controlling release of said
coolant, and a solenoid for actuating said valve;

(e) a power control circuit operable to close said
power switch under normal operating conditions
indicating adequate coolant pressure, adequate casing
pressure, and a safe exterior casing temperature, apd
operable to open said power switch and to energize
said solenoid to a valve open position releasing s?id
icoolant in response to a reduction in said casing
pressure below an adequate level.

3. The construction and system of claim 2 including:

(a) a millivolt circuit including a millivolt power
generator energized in response to an adequate casing
pressure and an adequate coolant pressure, and
further including, in series, normally closed switch
means responsive to selected exterior surface tem-
peratures, and relay means for controlling switch
means in said power control circuit. )

4. A radiant heater construction and control system

comprising:

(a) a pressurized casing having electrical heating means
therein; ,

(b) a supply of coolant under pressure adapted upon
release to be discharged interiorly of said casing to
cool said electric heating means;

(¢) a power switch controlling power to said electrical
heating means;

(d) a mormally closed valve controlling release of said
coolant, and a solenoid for actuating said valve;

(e) a power icontrol circuit operable when completed
to actuate said first switch means to a closed posi-
tion, said circuit including coolant pressure respon-
sive switch means in a position indicating adequate
coolant pressure, casing pressure responsive switch
means in a position indicating adequate casing pres-
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sure, and casing exterior surface temperature respon-
sive switch means in a position indicating safe
exterior surface temperatures, said casing pressure
responsive switch means being operable to an alter-
nate position in response to a reduction in casing
pressure to an inadequate level to open said power
switch, and to energize said solenoid to a valve open
position for releasing said coolant.

5. A radiant heater construction and control system

comprising:

(a) apressurized casing having electrical heating means
therein;

(b) a supply of coolant under pressure adapted upon
release to be discharged interiorly of said casing
to cool said electric heating means;

(c) a power switch controlling power to said electrical
heating means;

(d) a normally closed valve controlling release of said
coolant, and a solenoid for actuating said valve;
(e) a circuit for controlling operation of said power
switch including casing pressure responsive switch
means, and coolant pressure responsive switch means,
and switch means responsive to the condition of 2

millivolt circuit;

(f) said millivolt circuit including, in series, a millivolt
power generator, relay means operating said switch
means responsive to the millivolt circuit condition,
and normally closed switch means responsive to
selected exterior surface temperatures of said casing;
and

() a circuit for energizing said solenoid including said
casing pressure responsive switch means in a posi-
tion corresponding to an inadequate casing pressure,
and said millivolt circuit responsive switch means in
a position corresponding to an energized millivolt
circuit.

6. A .radiant heater construction and control system

comprising:

(2) a pressurized casing having electrical heating
means therein;

(b) a supply of coolant under pressure adapted upon
release to be discharged interiorly of said casing
to cool said electric heating means;

(c) a normally closed valve controlling the release of
said coolant, and a solenoid for actuating said valve;

(d) a power switch controlling power to said electrical
heating means;

(e) second switch means responsive to said coolant
pressure;

(f) third switch means responsive to said casing pres-
sure;

(g) fourth switch means responsive to exterior surface
temperatures of said casing; and

(h) circuit means operable to close said power switch
in response to a position of said second switch means
indicating adequate coolant pressure, said third switch
means indicating adequate casing pressure, and said
fourth switch means indicating safe casing exterior
surface temperatures, and operable to open. said
power switch and to actuate said solenoid to a valve
open position releasing said coolant in response to
operation of said third switch means to a position
indicating a reduction in said casing pressure below
an adequate level.
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