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(57) Abréege(suite)/Abstract(continued):

are housed within a plenum chamber supplying combustion air to the tube, both the tube and the chamber being encircled by a
frame that fits within the two foot by four foot opening. The combustion control components are attached to a chassis plate
whereby the components are removable from the plenum chamber as a unit to enhance serviceability of the heater. A burner
venturl of novel configuration produces a flame that is less than four feet long yet which Is relatively quiet. An air flow switch
senses the dynamic pressure of an air stream issuing from a fan which pressurizes the plenum chamber, shutting off the supply
of gas to the burner If the pressure reading indicates unacceptably low air flow.
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" ABSTRACT

A compact gas-fired radiant space heater is
adapted for residential use, having an output in the 20k
BTU to 40k BTU/hr range and exterior dimensions small
enough to allow 1t to be installed in a standard two foot
by four foot suspended ceiling opening. A radiator tube
haVing:a total length of approximately 15 feet is bent into
a serpentine shape, and combustion control components are

housed within a plenum chamber supplying combustion air to

the tube, both the tube and the chamber being encircled by

a frame that fits within the two foot by four foot opening.
The combustion control com};;onents are attached to a chassis
plate whereby the components are removable from the plenum
chamber as a unit to enhance serviceability of the heater.
A burner venturi of novel configuration produces a flame
that 1s less than four feet long yet which is .relatively
quiet. An air flow switch senses the dynamic pressure of
an alr stream 1ssuing from a fan which pressurizes the
p'lenum chamber, shutting off the supply of gas to the

burner 1f the pressure reading indicates unacceptably low

air flow.
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RADIANT SPACE HEATER FOR RESIDENTIAL USE

The present 1nvention relates to gas-fired

radiant space heaters of the type comprising a burner and

an elongated radiator tube with reflective shield usually
disposed overhead 1in  the area to be heated, and more
particularly to such a heater that 1is adapted for
residential use by virtue of being compact enough to fit
within a standard sized 2’'x4’ suspended ceiling panel unit,
having a burner venturli of unique design to yield quiet
combustion, having electromechanical components located so
as to be easily serviced and maintained, and utilizing a

simplified method of detecting unsafe air flow conditions.

i,

Radiant energy heating systems are commonly used

in 1industrial and commercial buildings. Radiant heater
systems are more efficient and cost-effective than forced

alr systems because the emitted infrared rays heat objects

and concrete floors rather than larée volumes of air. The
concrete floors absorb‘the radiant energy and re-radiate it
back 1nto the surrounding air to maintain a blanket of
warmth within the heated space. By thus heating from the
bottom up, the stratification of heat within the buiidiné
that tends to occur with a forced air system 1s minimized,
with consequent improvements in comfort and fuel

efficiency.

Some radiant space heating systems are supplied
in component form, the radiator tube of the installed

system being built up from various straight and curved

1
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sections as néeded to réute the.radiator tube through the
area of the building where heating i1s desired. In such a
system, a burner unit is located at é first end of the tube
and an exhaust fan 1s typically located at the opposite end
of the tube to draw the hot effluent. through the tube.
Alternatively, a radiant heater may be manufactured and
delivered as an assembled unit comprising an elongated, U-
shaped radiator tube, a burner unit, and an exhaust fan.
A reflector is disposed above the radiator tube to direct
the radiant energy in the desired direction. The unit is
provided with hangerS"which permit it to be suspended from
a celling or other overhead structure. Such radiant heater
units intended for industrial or commercial use and rated
at 20k BTU/hour'té 50k BTU/hour are typically over 10 feet
in overall length.

Scaled down versions of the above-described
radiant heater units have been produced and marketed for
use in residential heating applications.  Such residential
units have been six feet or more in overall length, and
therefore can not be mounted within the standard two'foot
by four foot openings in suspended ceiling systems.

If a conventional U-tube radiant heater is scaled
down to have an overall length of less than six feet, the
total length of the radiator tube 1is reduced to the point

where the exhaust effluent still contains significant

useful thermal energy. This leads to a reduction in the

efficiency of the heater, and requires that the exhaust

ducting be able to withstand higher temperatures.
Another reason why 1t has not previously been

practical téproduce;a radiant heater in the 20k—40k‘BTU/hr
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range haviﬁg an.bverall length of four féet or less is that
burners as heretofore used to produce heat outputs in that
range generate a flame which is well over four feet long.
Even using a U-shaped radiator tube, the tube can not have
a straight segment more than four feet long, so that the
flame must impinge on the innexr surface of the radiator
tube 1n thefvicinity Of the 180° bend. Impingement on the
flame on the tube causes quenching of the flame, with a
consequent increase in undesirable emissions such as carbon
monoxide. The flame also crates a hot-spot on the radiator
tube, which results 1n premature oxidation of the tube

material and eventual burn-through.

It is possible to decrease the length of the
flame produced by the burner by increasing the amount of
air flow through the burner yenturi. Cohventional methods
for achieving this increase 1n what 1s known as the primary
alr flow involve either a) enlarging the diameter of the
venturi or b) increasing the pressure of the air drawn or
forced through the wventuri. . Bo-th_ _'of these options have

effects that are undesirable 1n a heater unit for

residential use. .

Increasing the vehturiwdiameter 1s undesirable
because it forces an increase in the diameter of the
radiator tube in order to maintain adequate clearance
between the exterior of the venturi and the interior of the
surrounding radiator tube. Sufficient clearance must be
maintained to permit the flow of air around fhe outside of
the'ventufi,;the flow of this so-called secondary air being
critical incoolingthéofédiator tube containing the flame.

An increase in radiator tube diameter increases the depth
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of the uni;,-and also forces an increase in the.radiﬁé_of
the bend connecting the strai-ght. segmentsﬂ of the -tube SO
that théy must lie farther apart, thus r‘nakingw the unit
wilder. '

- The other ©possibility, increasing the air
velocity through the burner, leads to an increase in the
level of noise made by combustion, the fast-burning flame
making a "roariﬁg" sound. . In a résidential application it
1s particularly important that the heater operate quietly.

Another drawback inherent in prior radiant
heaters 1s that electromechanical components of the heater,
such as the fan, gas supply valve and electronic control
unit, are difficult to service and inspect when the heater
is installed in an overhead position. Servicing and/or
insﬁection of these components involves either working on
the heater 1n 1its installed position, or removing the
entire heater from its installed position and moving it to
a location where the components are more easily accessed.

Some' gas-fired radiant heaters include what is
known in the art as an air flow switch, a mechanism for
determining the amount of air being provided to the burner
and shutting off the flow of gas if the air flow is not
sufficient for proper functioning of the heater. Air flow
may be reduced by any number of problems, for example a
malfunctioning or blocked fan, or'aibldckage\anywhere along
the radiator tube or 1ts exhaust ducting.

-In a heater -having a pressurized plenum chamber
supplying air to the burner, the air flow monitoring
function 1s generally accompliéhed k;y a palir of pressure

actuated switches located within the plenum chamber and
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wired to a control unit which cuts off the flow

Y

of gas
through the wvalve 1f the pressure switches indicate that
the pressure within the chamber is not within the
acceptable range. One switch is actuated and‘sends a flow
termination signal to the control unit - -if the pressure in
the plenum chamber drops below a predetermined minimum,
such as would occur if the fan were to slow or stop. The
other switch sends a flow termination signal if the
pressure riseg above a predetermined maximum, such as would
occur if the radiator tube or exhaust were blocked at ény

point downstream.

The cost and complexity'of the heater could be
reduced 1f the ailr flow switch function could be
accomplished with only one pressure switch requliring a

single electrical connection to the control unit.

The present 1invention provides a gas-fired
radiant space heater with a rating in the 20k-40k BTU/hour

range and which 1is adaptéd for residential-type use by

virtue of: a) being compact enough to fit within a
standard sized 2’'x4’ suspended ceiling panel unit; b) being
quiet in operation;fc) having electromechanical components
located so as to be easily serviced and maintained, and d)
utilizing a simplified method of detecting unsafé air fldwi
conditions. ‘In<general, the overall size limitation is met
by locating all of the operative components of the heater
-within the perimeter of“ a i”ectangular frame sized fit
within a stahdard}sized.Z’x4’ suspended ceiling panel

opening. The radiator tube is formed in a =zig-zag or
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serpentine shape so that it 1s of sufficient total length
to yield an adequate level of heat transfer while still
lying wholly within the frame; aﬁd substantially all
electromechanical combustion control components associated
with the burner are positioned within a plenum chamber that
alsQ lies wholly within the frame.

According to a feature of the invention, the
burner venturi has a throat diameter to inlet end diameter
-ratio of from-approximately 0.3-to approximately 0.4 and a
divergent cone angle of approximately 30°. When supplied
with fuel gas at a rate providing a heat output in the

range of from 20k BTU/hr to 40k BTU/hr along with

sufficient air to achieve stoichiometric combustion, this
venturi geometry has been found to produce a flame less

than four feet in 1ength without producing an unacceptable

‘amount of noise.

According to another feature of the invention,
the combustion control components housed within the plenum
chamber are attached to a chassis to form a combustion
control module which 1is detachably secured to the heater.
The module may be d’etacheci anrlic-i -r‘emoved from the plenum
chamber as a unit so that the components may be inspected
and/or serviced at a convenient location remote from the
heater, without time-consuming disassembly of the heater.

According to another feature of the invehtion,
the combusti‘on control components secured to the chassis
comprise an electric fan for generating a flow of air to
pressurize the "‘plenum chamber, a gas supply. valve for
delivering a metered. amount of gas to the burner, an

electrically' operated valve regulator for opening and
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closing the valve as required by operating condition, an
electronic control unit for controlling operation of the
heater, and an air flow sWitch for signalling the
electronic control unit to close the valve if the flow of
air into the radiator tube becomes insufficient for safe
operation of the heater. These five combustion control

components combine to provide safe and reliable operation

of the heater unit.
According to a further feature of the invention,
the air flow switch determines the amount of air being

~supplied to the tube by sensing the velocity of the air

stream 1ssuing from the fan. The air flow switch contains
a pressure switch that reacts to the dynamic pressure at a
point 1n the outlet stream of the fan The ' dynamic
pressure 1s sensed by positioning a first pressure tap in
the fan outlet stream and a second pressure tap at a point
within the plenum chamber remote from the fan. The switch
1s actuated by the pressure differential between the two
taps. If the dynamic pressure drops below a lower limit,
the air flow switch sends a signal to the electronic
control unit instructing it to close the gas supply valve.
Since the air flow velocity through the fan drops as a
result of .stoppage or blockage of the fan as well as l
blockage of the radiator tube at any point downstream, an
air flow switch that senses dynamic pressure protects
against any ef these conditions. Only one pressure switch
with one electrical connection to the electronic control
unit is required, rather than two as in the prior art, with
consequent reduction in cost and complexity of the control

system.
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 These, and other features and advantages of the
present inventlon will become more apparent upon reading of
the following detailed description in view of the

accompanying drawings.

In the drawings,

FIGURE 1 1is an environmental view of the
invention radiant heater installed in a panel of a

suspended celling;

FIGURE :2'515 a cross sectional view of the
invention radiant heater in the suspended ceiling
installation of Figure 1;

FIGURE 3 1s a partially exploded perspective view
of the invention radiant heater;

-‘ FIGURE 4 1s a perspective view of a combustion

control module according to the invention;

Figure 5 is a partial cross sectional view of the

invention radiant heater showing the combustion control
module and a burner venturi according to the present

;

invention;

FIGURE 6 1s a side view of the burner venturi of
Figure 5;

FIGURE 7 1s an end view of the burner venturi of
Figure 5; and

FIGURE 8 is a detail of a burner venturi body
according to the present invention, showing dimension of a

preferred embodiment.
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Pflefer;:ing to the drawings, Figures 1 and 3

1llustrate a radiant heater 10 according to the present
invention generally comprising a rectangular frame 12
formed from bent and welded heavy gauge Sheet metal, a
four-leg or serpentine radiator tube 1‘4 lying wholly within
the frame, a combustion control module 16 housed within a.
plenum chamber 18 located at a corner of the frame, and a
pan-shaped reflector 20 which overlays the top of the
entlre radiator tube and extends downwardly around its
perimeter.

Radiant heater 10 is adapted for the installation '
depicted in Figures 2 aﬁd 3, wherein the unit is installed
1n a standard, commercially available suspended ceiling
system comprising a framework of small metal struts 22
defining rectangulaf openings and supporting acoustic tile
panels 24 and other fixtures. In the suspended ceil.ing
systems commonly us.ed in homes, offices and commercial

buildings, the openings defined by the beams measure two
feet wide by foﬁr feet long, with light fixtures 26, HVAC
vents 28, and other fixtures are available in standard
sizes to be compatiblé therewith. Figure 2 shows the
manner 1n which radiant heater 10 nests between and is
supported by struts 22. When mounted 1in a suspended
celling or in any other overhead installation, operation of
the radiant |heater 1s ©preferably controlled by a

thermostatic temperature control 30 mounted to a wall in or
near the space to be heated.
In the depicted embodiment, radiator tube 14

comprises four straight segments aligned substantially

parallel to one another and interccﬁ‘nnected at their'en,ds by
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180¢° bends to‘form a édntinuous flow path approximately 15
feet long. xIn the preferred embodiment, radiator tube 14
is bent from a single length of 2 3/4 inch diameter, 14
gauge aluminized steel tube, with an inside diameter of 2.6
inches. Radiator tube 14 has an inlét end 32 that opens
into plenum chamber 18, and an opposite exhaust end 34
passing through a hole in frame 12 at an adjacent corner of
the frame. An exhaust duct 36 connects to exhaust end 34
and vents radiator tube 14 outside of the building in which
the heater 1s installed. A baffle or turbulator 38 1is
positioned inside of radiator tube 14 adjacent exhaust end
34.

Frame 12 18 appréximatelyfourfeet long and two
feet wide, andﬁplenum chamber 18 is defined by two vertical
sheet metal walls welded in place at a corner of the frame.
Tube supports 40 extend transversely across the inside of
frame 12 and are spot welded or otherwise secured to the
inside of frame 12 at their ends. Tube supports 40 are
formed of sheet metal and have radiused notches formed in
the upper edges thereof to receive and support the straight
segments of radiator tube;l4.

An "egg crate" grill 42 is formed of metal and
lies inside of frame 12 beneath radiator tube 14 and tube
supports 40. A plurality of hanger hooks 44 engage holes
positioned around the perimeter of frame 12 to allow
radiant heater 10 to be suspended from a ceiling or other
overhead structure. A sight glass 46 on the underside of
radiator tube 14 adjacent inlet end 32 provides a means by

which the flame can be viewed to determine.whether or not

the heater 1s operating.

10
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Combustion control module 16, as seen in detail
in. Figure 4, comprises an aluminum chassis plate 48, an
electric fan 50 mounted over a cilrcular opening in the
chassis plate, a gas valve 52 and 1its attached wvalve
regulator 54, an air flow switch 56, . and an electronie
control unit 58.. Fan 50, gas supply valve 52, wvalve
regulator 54, air flow switch 56, and electronic control
unit 58 are electrically interconnected to operate in a
manner to be fully described below, with electrical poWer
supplied to the module-by an electric cord 60 connected to

electronic control unit 58. In the preferred embodiment

~fan 50 has an open-air flow rating of 25 cubic feet per

minute (cfm), and provides a flow rate as installed of

approximately 10 cfm.

Valve 52 1s connected to a fuel gas supply (not

shown) by gas line 62, and is preferably adjustable by the

user between a plurality of gas flow settings to vary the

heat output of radiant heater 10. In the preferred
embodiment of the invention, gas supply wvalve 52 is
adjustable by turning an output lever 64 located on the

upper side of chassis plate 48 where gas line 62 connects

to the valve, and gas flow rates corresponding to between
approximately 20k and 40k BTU/hour are selectable. This
heat output range equates to a flow rate of approximately
from 20 cubic feet per hour (cfh) to 40 cfh for natural
gas, and a flow rate of approximately from 8 cfth to 16 cfth
for propane.

Combustion control module 16 is operatively

positioned so that fan 50, valve 52, regulator 54, air flow

switch 56, and"'elelctronic control unit 58 are contained

11
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w'ithin plehﬁm chamber 18, '-v‘vith chassis plate 48 closing off
the upper side of the chamber. . Hold-down tabs 66 are
pivOtingly attached_to the side walls of plenum chamber 18
and are rotatable to extend over the chassis 'plate to

secure the module in place.

As best seen in Figure 5, a burner ﬁenturi 68 1is
retained condentrically inside of radiator tube 14
immediately adjacent inlet end 32. When burner venturi 68
1S SO positioﬁed; a gasldelivery orifice 70 of valve 52 is
located immediately adjacent the end of the burner venturi.
As indicated in Figure 6, burner venturi 68 has

a, body 72 with an overall 1inside diameter of D and
comprises an inlet bell portion 74 wherein it converges to
a throat internal diameter T, a divergent cone 76 wherein
it widens back to diameter D, and an outlet portion 78
 terminating'is a radial flange 79. 1In accordance with the
present invention, the ratio of throat diameter T to inlet
diameter D is in the range of approximately 0.3 to 0.4.

This value is significantly smaller than the 0.7 ratio that

i .
1s customary for wventuris used 1n conventional radiant

heaters

The angle of divergent cone 76, known as the
opening angle and indicated by A in Figure 6, is in the
range of approximately' 25° to 35.° Thils 1s much steeper.
than the opening angle used in prior art radiant heater
~venturis, where an angle of approximately 2° is customary
1n order to avoid.turbulent flow 1n the transition region
and consequent back-pressure through the Vénturi.

In a preferred embodiment of the invention,

burner body 72 is formed from a piece of 20 gauge, 1.5 inch

12
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outside diameter steel tubing,' and. ‘has the dimensi‘ons
,indicated in Figuré'8.

.Burher verituri 68 has mounting tabs 80 extending
radially from inlet bell 74, and a cruciform centering
plate 82 and a tile retainer ring 84 are ri&etted to radial
flange 79. Tile retainer ring 84 holds a perforated
ceramic tile 86 of the type known in the art over the open
end of burner venturi 68. The outer ends of mounting tabs
-80 are secured to the inner surface of plenum chamber 18 by
sheet metal screws or the like, and this attachment along

with centering plate 82 maintains burner <venturi 68

. concentrically within radiator tube 14.

An ignitor/flame sensor 88 of the type well known
in the gas burner art projects into radiator tube 14
through a hole 1mmediately adjacent the end of burner
venturi 68, and is electrically connected to electronic
control unit 58; Temperature control 30 (see Figure 1) 1is

also connecged'to electronic control unit 58.

Operation of the Heater

When the ambient' temperature drops below the
temperature set on temperature control 30, electronic
control unit 58 1is activated to begin the heater start-up
sequence. Electronic control unit '58 first supplies
electrical power to fan 50, and operation of the fan draws
air inthrough the opening in chassis plate 48 to create a
positive pressure inside of plenum chamber 18. When, in a
manner to pe described 1in more detail below, air flow
switch 56 senses an air flow velocity from fan 50 above a

minimum allowable level, it sends a signal to electronic

13



2197946
controi unft?58’that allows electronic control unit 58 to
energize valve regulator 54, thereby opening valve 52 soO
that fuel‘gae'is delivered through orifice 70. Valve 52 1is
biased to the closed position, and only remains open as
long as regulator 54 is energized by .electronic control
unit 58.

The positilive pressure within plenum chamber 18
causes air to flow into radiator tuce 14, and so through
burner venturi 68. This air flow induces the fuel gas
delivered from orifice 70 to flow into and through burner
venturi 68. Substantially simultanecusly with the opening
of valve 52, electronic control unit 58 energlizes
ignitor/flame sensor 88, the ignitor providing continuous
spark ignition for a period of approximately three to five
seconds to ignite the gas/air mixture issuing from burner
venturili 68.

Ignitor/flame sensor 88 also provide an

electrical signal to electronic control unit 58 indicating

- whether or not a flame is present within radiator tube 14.

If no flame 1is detected, ithe'_ electronic control unit 58
deenexrgizes valve regulator 54 to close valve 52 and
terminate the flow of gas. .

Air flow switch 56 contains a pressure actuated
switch that reacts to the differential between a first
pressure at a pressure port 90 on the body of the air flow
switch and a‘second.pressure at the end of pressure tube 92
extending into the outlet opening’of fan 50. Pressure port
90 is located at a point within plenum chamber 18 where -
there is no significant air flow velocity, and so the port

senses static pressure within the plenum chamber. The end

14
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of pressufé'tuﬁe 92, however, points directly into the air
stream _issuing from fan 50 and so senses the total
préssure,. i.e. static pressure plus dynamic pressure, at
that point.

By essentially subtracting the static pressure
reading at port 90 from the total pressure reading at
pressure tube 92, the pressure actuated switch reacts to
the dynamic pressure generated by fan 50, this dynamic
pressure being directly proportional to the velocity of the
air stream generated by the fan. The velocity of the air
‘ stream decreases 1f fan 50 slows, stops, or is blocked, and
also if radiator tube 14 is blocked at any point downstream
from the plenum chamber 18.

If air flow switch 56 detects a dynamic pressure
below a lower limit selected to éoincide with a level of

alr flow ensuring safe operation of the heater, the air

flow switch sends a signal to  electronic control unit 58
which causes it to deenergize gas regulator 52, thereby
closing valve 52.

If radiant heatér 10 is functioning normally,
however, electronic control unit. 58 maintalns valve
regulator 54 in an energized state so that valve 52 is open
and supplies fuel gas to burner venturi 68 at a flow rate
of 20k to 40k BTU/hr as determined by the position of
output lever 64. When this fuel is delivered to burner
venturi 68, éombustion of the fuel is completed rapidly so
that the flame produced is wunder four feet 1long and
accordingly does not extend past the end of the straight
segment of radiator tube 14 and impinge on the bend. 1In

spite of the rapid burning of the fuel, the invention

15
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burner.haé~beeﬁ,foumd to be relatively quiet, failing to
pro'c.iuce the "roar" that has been characteristic of previous
attempts to achieve a short flame length.'

Combustion control mo-dule 16 may be detached from
radiant heater 10 and removed as a'unit-from;plenum chamber
18 to provide unrestricted and convenient access to the
combustion control components for maintenance, inspection,
or other servicing. If radiant heater 10 is mounted in a
suspended ceiling panel as shown 1n Figures 1 and 2, access
to combustion control module 16 is gained by displacing
upwardly and sliding aside one of the acoustic tiles 24
adjacent to the heater unit. Hold-doﬁntabs 66 are then
rotated out of 1nterference with chassis plate 48,
permitting module 16 to be lifted out of plenum chamber 18.
Thé wlre connecting electronic control unit 58 with
ignitor/flame sensor 8‘8 may be disconnected if it is
desired to completely separate the control module from the
heater unit. Electric cord 60 and gas 1line 62 may be
disconnected if it i1s necessary to transport module 16.

As 1s apparent from the foregoing descriptiofl and
- drawings, the invention radiant heatér provides a compact
radiant heater unit adapted for use in residential-type
applications by virtue of its small exterior dimensions and
its quiet operation. Further, the easily detachable and
removable combustion.contrOl'modulejprovides for convenient
servicing'and inspection of the heater components. The use
of an air f”low. sensor that directly measures air flow

velocity delivered from the fan provides a gas shut-off

safety feature 1n a less complicated manner than has been

achieved in the past.

16
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 Whereas a preferred eﬁbodimeﬁt of the invéntion
has been 1llustrated and described in detail, it will be
apparent that various changes may be made in the disclosed
embodiment without departing from the scope .or‘ spirit of

the i1nvention.

17
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CLAIMS:

1.

A gas-fired radiant space heater comprising a radiator tube having an
inlet end, a plenum chamber in communication with the inlet end of the tube, and
combustion control means comprising a plurality of operatively interconnected
components for supplying a combustible mixture of air and fuel gas to a burner
adjacent the tube inlet end, the radiator tube, plenum chamber and combustion
control means disposed essentially in a plane, the radiant heater characterized in
that:

substantially all of the components making up the combustion control
means are located within the plenum chamber and secured to a chassis, the
chassis being detachable and removable from the heater in a direction substantially
perpendicular to the plane of the heater in order to remove the combustion control

means as a unit from the plenum chamber.

2. A gas-fired radiant space heater according to claim 1 wherein the burner
comprises a venturi mounted inside of the radiator tube and separately from the
chassis, whereby the chassis is removabie from the plenum chamber without
removing the venturi from the radiator tube.
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FIG-1
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FIG-8
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