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HEAT PROTECTED PITOT-STATIC TUBE

Paul Kollsman, Stamford, Conn., assignor, by
mesne assignments, to Square D Company, De-
troit, Mich., a corperation of Michigan

Application March 12, 1538, Serial No. 195,465
) 8 Claims. (Cl. 73—212)

This invention relates to Pitot-static tubes
of the type adapted for use with airpianes
for the determination of the air speed of the
craft and relates particularly tc heating systems
for keeping the Pitot-static tubes free from ice,
snow and sleet. .

The prevention of the accumulation of ice
upon and in the ports of such a tube is vital for
its proper functioning. In an electrical heating

system for Pitot-static tubes injuries may oceur .

to the heating element, thus requiving frequent
replacement of the heater. Accordingly provi-
sion for opening and closing the tube is neces-
sary. for replacing the heating element which
may lead to weaknesses in the fube structure.
Under my invention I prefer an inbegrai,
streamlined metallic tube or shell for the Pitoi-
static tube proper, within which I provide part
of a heating system having aufomatic provisions
capable of supplying heat, conductively irans-
ferred throughout the Pitoi-static tube io pre-
veni the formation of ice and, in addifion so
controlled as to prevent over-heating and the
burming out of the heater even if the alr ex-
posure temperature to which the tube is subject-
ed be relatively high.

In aerial navigation, particularly under condi-
tions of fog, ice and snow, an air speed indicaior
is an essential instrument from which to com-
pute distance iraveled by a dead reckoning pro-
cedure. . But under conditions of fog, snow and
ice, particularly at temperatures close to the
freezing point, the Pitot-static tube portion oi
the indicator tends to fill with ice and snow and
to fail of functioning. In order to avoid this
failure, it is customary to provide an electric
heater adjacent the entrance end of the dynam-
ic pressure duct, which serves to raise the tem-
perature of the Pitot-static tube above the melt-
ing point of ice, thereby preventing adherence
of congealed water to the exterior tube suriaces
and melting out any congealed moisture which
may enter the dynamic pressure duct. Difficuity
is, however, experienced with such heaters in
maintaining them in operative condition because
of the low amount of heat which can be dissi-
pated from the tube structure during non-flying
periods and the relatively much larger amount of
energy required to function for adequate heating
during flight intervals. That is, with a plane on
the ground in summer weather, a heat energy
conversion in the heater of more than a very few
watts will overheat the heater and burn it out,
whereas in fAight under icing conditions, a mini-
mum of about 50 watts is required to keep the

tube free of ice. This requires that the heater
e switched on when icing conditions occur and
switched off before landing, else the heater will

_be burned out and ingperative for the nex

ascent and the air speed meter may fail for this
reason. Furthermore, o heater conirol for the
tube under the pillod’s hands is highly cbjection-
able item, since it is another thing to burden the
memory of o pilot slready overloaded aund ithe

necessity of proteciing the tube heater may re- 2

sult in neglect of some other more impertant in-
strument or conbrol, with conssguent accident or
deati.

In oitaining the oblect of safegusrding the |

heater, I propoge two provisions, either one of
which is useful. A local femyerature controlled
switch in the circuld of the healer mey be sm-
ployad to cut off the cuwrrent supply when the
temperature of the tube and of the hsaler ap-

proaches an unsafe maximum and {o turn it on &
when the tempersture of the tube appioaches

an undesirable minimum. (I prefer {o firn on
current at & drop of temperature below 10° C.
and to cut off the current at 20° C.)

The present invention provides meens for the °

automatic protection of the Pito! tubs an
er by the supply to the tube of sufficient
snergy during iniervals of fAlying at low tempera-
tures and cuts off the energy supplied io the
heater during non-flying intervals and during

‘Aying at safe temperatures through the opera-

tion, individually or simultanecusly of a pres-
sure actuated switch responsive to dynamic alr

pressures and of & temperature responsive mech-

anism which is actuated by the ambient air tem-
perature surrounding the Pitot-static tube, the
dynamic duct therein or the airplane itself.
Objectively my invention effects a saving in
expended heater energy, lower maximum tem-

&

30

perature at a standstill of & plane when the heat-

er circuit is left on and the climination of re-
placeable heater units.

The invention further provides a special type
of relay operating in conjunction with a temper-
ature responsive or pressure-responsive member,
simultaneously or one at & time, in conjunction
with a heater member adjacent the dynamic duct
of a Pitot-static tube.

An object of the invention thus is to turn on
a Pitot-static tube heater automatically during
intervals of flying at low temperatures and to
turn it off during intervals of flying at safe tem-
peratures. .

Another object of the invention is to turn on a g3
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Pitot-static tube heater during flying intervals
and to turn it off during non-flying intervals.

Still another object of the invention is to turn
on a Pitot-static tube during flying intervals
at low temperatures and to turn it off during
non-flying intervals and during flying intervals
at safe temperatures.

Still another object of the invention is to re-
lay-control the heater current to a Pltot-static
tube heater.

Yet another object of the invention is to re-
lay-control the heater current to a Pitot-static
tube heate: by the combined action of a pressure-
sensitive and temperature-responsive mecha-
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Still a further object of the invention is to shut
off automatically the heater current during non-
flying intervals, to shut off the heater current
automatically during flying at safe temperatures
and to permit a shutting off of the heater cur-
rent manually during intervals when the heater is
not needed, particularly when the plane is laid
up out of service.

Other objects and structural details of the in-
vention will be apparent from the following de-
scription when read in connection with the ac-
companying drawings, wherein:

Plig. 1 is a view in side elevation, partly in sec-
tion, of an airplane fuselage equipped with the
Pitot-static tube and protecting members of the
device-of the invention;

Pig. 2 is a view in vertical section of the Pitot-
static tube and heater member of Fig, 7"

Fig. 3 is a diagrammatic view of the heater,
heater circuits and protecting mechanism of the
embodiment of Figs. 1 and 2;

Fig. 4 is a side view, partly in section, of an
airplane fuselage equipped with an alternative
form of the Pitot tube protecting mechanism;

Fig. 5 is a disgrammatic view of the tube and
protecting mechanism of the embodiment of Fig.

Pig. 6 is a diagrammatic view of circuits and
apparatus of still another embodiment of the
invention; -

Pig. 7 is a diagrammatic view of circuits and

‘apparatus of another embodiment of the inven-

tion.

In the embodiment of the invention shown in
PFigs. 1, 2 and 3 the heat sensitive member is
placed within the Pitot-static shell to control
a relay having heavy, rugged contacts mounted
in a position where the contacts are readily
reached for maintenance. As shown in Fig. 1,
the airplane fuselage 101 has mounted thereon a
strut member 102 carrying the shell 183, with-

‘in which there is mounted the dynamic duct

108 of the Pitot tube structure. The shell 103

serves as the static pressure means, from which:

the static pressure at any given elevation is con-
veyed through a tube member 108 to instruments
which require an accurate static pressure, such as
the sensitive altimeter and the air speed indi-
cator. Simultaneously, the dynamic pressure
from the duct 104 is conveyed through a tube
108 to the air speed indicator 107 and such other
instruments as utilize the dynamic pressure,
mounted upon the instrument board. A heater
member 108 is mounted within the streamlined
Pitot-static shell 183 adjacent the dynamic duct
184 for the purpose of supplying heat thereto in
sufficient quantities to prevent the formation and
attachment of ice to the inner and outer sur-
faces of the tube and shell. Also within the shell
103 there is provided a temperature-responsive

member 109, which may conveniently be a strip
of the brass-invar steel material, well known as
“pi-metal.” A source of heating energy (11 such
as a battery or a power driven generator is pro-
vided and connected, as shown in Fig. 3, to the g
heater 108 by appropriate leads 112 and 113, the
circuit passing through the contacts {14 of a re-
lay (16. The bi-metal 109 has an attached con-

-tact 116 which cooperates with a second contact

111. These contacts are connected in circuit with 10
the winding of the relay 115.

As long as the temperature of the ambient air
through which the plane is flying is above freez-
ing or above a temperature of about 40 degrees
Fahrenheit, the bi-metal member 108 holds the 18
contacts 116 and {17 separated, open-circuiting
the relay 115 and leaving the relay contacts |4
opern, thereby preventing the flow of current
through the heater 108. When, however, the
temperature of the ambient atmosphere falls 20
much below about 40 degrees, thereby approach-
ing icing temperatures, the bi-metal 109 closes
the contacts §(6 and 11, energizes the relay (1§
from the current source i1{, thereby closing the
contacts 1i4 snd energizing the heater 108, 88
Thus, it will be observed that while the tempera-
ture-responsive member is positioned within the
shell of the Pitot tube, the duty required of the
control contacts is so much reduced and so light
that failures practically never occur and the %
heavier duty imposed upon the heater circuit
contacts is readily carried since the relay con-
tacts are convenient of access. Thus, the device
of the inventior. provides a highly rugged au-
tomatic control for the heater member in a Pitot t
tube structure. ’

This type of automatic heater thus removes
from the pilot’s memory and consciousness all
necessity for paying attention to any controls
for the maintenance of his air speed indicator in ®
operating condition. The power circuit control
contacts are readily accessible for servicing by the
ground crew, and the heater current is turned on
automatically as soon as possible icing tempera-
tures are reached and remains turned on until “
the temperature rises above the icing point. In
addition, the pilot may land without the necessity
of attention to the air speed indicator, and may
land fully assured that the heater will not be in-
jured by excess power or overheating and with L
the assurance that the heater will be ready for
immediate service at the next flight.

It is not necessary that the temperature-
responsive elements be in the immediate neigh- “
borhood of the Pitot tube since it is the tempera-

‘ture of the atmospheric air which determines

whether the heater current shall be on or off and
not the actual temperature of the Pitot tube. .
Accordingly the structure of Fig. 7 may be utilized »
as an alternative embodiment which will be de-
scribed later.

The presence of an air stream above some
threshold velocity past the surface of the Pitot

, tube will insure the safety of the heater member gg

against burn-out and accordingly, the heater
member may be turned on as soon as flying speed
is reached and may remain turned on until a
landing is made. )

For this purpose the embodiment shown in g¢
Plgs. 4 and 5 may be utilized. In this embodi-
ment the same strut member 102 attached to the
fuselage 101 may be utilized with the Pitot shell
103 and dynamic duct 184 therein. Branch pipes
124 and 128 may be led from the dynamic duct
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106 and the static duct (05 to the pressure-
responsive member (26.

The pressure-responsive member 12€ may con-
tain & pressure actuated capsule §27 connecied
to the dynamic duct 186 and the casing of the
member (26 may be connected to the static duct
163 and shell 163. Adjacent the capsule 127 there
are provided contacts 128 which are connected
in the coil circuit of the relay {15, as shown in
Pig. 5. An auxiliary hand switch {29 may be
connected in series with the contacts (28, o com-
plete the relay coil circuit. The heater wmember
108 is connected to the power source §i{ through
l'ﬁaids’ as shown, and through the relay contacts
ifd,

In the operation of this embodiment, the hand
switch 129 may be closed at any convenient time,
but the contacts 128 remsin open until fiying
speed is obtained and the dynamic pressure buili
up in the duct 104 to such a value as to expand
the capsule {27 and thereby close the contacis
128, thus closing the coil circuit of the relay ({5,
and attracting its armature to close the eontacis
114. This permits current to flow in the heater
16€, which will continue as long as flying speed
is maintained, or until the switch {29 is opened
by hand. If the switch {29 is not opened by
hand but the plane lands, the loss of fiying speed
reduces the pressure in the capsule {27 and there-
by opens the contacts §28 ic de-energize the reley
115, open its-contacts ({4 and de-energize the
heater 108, thereby preventing a burn-cuf.

Thus, since flying speed provides an air stream
over the Pitot-static tube shell structure sufii-
ciently great to remove from it any excess amount

‘'of heat which might injure the heater, the heater

may be energized during all fiying periods, under
the control of the dynamic pressute in the cap-
sule (27, thus likewise freeing the pilot from the
necessity of remembering his Pitot tubs heater
to make sure that it functions when needed and
does not burn out. That is, a fully satisfaciory
protection of the tube and of the heaiter is cb-
tainable by the simple feature of dynamic pres-
sure control of the heater power supply circuit.

In some instances it may be desired to conserve
the electrical energy supply to the utmost, such
as during flying in Arctic regions where the nor-
mal ground temperatures msy on occasion be
below freezing. The embodiment of Fig. 6§ pro-
vides this function by a combination of tempers-
ture-sensitive control and pressure controi.

As shown in Fig. 6, a similar Pitot-static tube
structure is provided consisting of a similar shell
103 housing a dynamic duct (04, adjacent fo
which is a similar heater 188, the whole siructure
being mounted in any desired way, such as upon
a strut of the same kind as the strut {02 shown
in Fig. 1. . A pressure responsive capsule 127 is
provided and connected to respond to the dy-
namic pressure in a manner similar to the cap-
sule shown in Fig. 4. In additicn the capstle
may also be acted upon by the static pressure,
as hereinbefore described. The capsule (27 oper-
ates the contacts 128 for the control of current in
the relay coil 115. A temperature-responsive
member, which may be a bi-metal strip (69,
actuates the contacts 116 and 1{7. These com-
tacts are connected in series with the contacts
128 and the relay coil i15, the entire circuit
being energized by the power supply tii.
relay contacts 114 are closed by the relay when
both contacts (16—i17 and contacts 128 are
closed, thereby supplying heater power from the
power supply i1f to the heater 108.

The .

3

In the operation of this embodiment of the in-
vention, the heat-sensitive member 8% will close
the contacts 1i6—117 when the termpersiure
approaches the freezing poinb, or goes below.
Bui the relay cireuit is not closed until flying
speed is cbtained which provides sufficieni dy-
namic pressure to aciuate the capsule (27 and
close the contacts {28, Thus, if in flight a fem-
perature safely above the icing point is reached,
the contacts § 16— 17 open, which opens the relay
circuit and thereby opens the relay contacts to
disconnect the power supply to the heater (08,
without regard tc the presence or absence of
flying speed. Similarly, if the plane lands, the

- lack of dynamic pressure opens the contacts 128,

similarly disconnecting the heater power Irom
the heater (08 without regard to the ambient
temperature.

Thus, this embodiment of the invention pro-
vides a fully automatic conirol of the Pitot tube
heater which not only protects the heater and the
air speed indicator readings, but conserves the
utmost possible heating power.

It is of course not necessary that the item-
perature-responsive member be positioned in the
Pitot tube shell structure. It may be instead
positioned at any convenient point which pav-
takes of the temperature of the air through
which the plane is flying, as is shown in Fig. 7.

The embodiment of Fig. 7 utilizes 2 similar
static shell member (03 supported upon a cone
venient strut, of the type shown in Pig. 1. The
sheil {88 contains the dynamic duct (04 and
heater (68, The capsule {27 is responsive to the
dynamic pressure, as previously described, for
the operation of the contacts {28 which are con-

nected as previously described in connection with

Figs. 4 to0 6. The temperature-sensitive member
f2¢ is placed in any convenient position where it
will partake of the normal ambient air iempera-
ture, and the contacts (22 controlled by the
temperature-responsive member 12{ are connect-

-ed in series with the coniacts (28 in & manner

analogous to that of the embediment of Fig. €6,

for the contro! of the velay (15 and its contacis

{1€, which turns the current on and off to the
heater {08.

The operation of this embodiment is closely
similar to the operation of the embodiment of
Fig. 6.

Thus, the device of the invention provides &
simple system for the confinued protection of
an air speed indicator system, in which a heater is
provided for preventing the sccumulation of ice,
snow and sleei in and upon a Pitct-sitatic tube
structure and in which the heafer member is
fully protected against the danger of burn-out
without burdening the pilot’s memory or hands
with conirols and the necessily of operating
them to turn the heaier current on during icing
conditions and to turn it off upon landing. .

While there are above disclosed bub a limited
number of embodiments of the device of the in-
vention, it is possible to provide still cther em-
bodiments without departing from the inventive
concept herein disclosed and it is therefore de-
sired thet only such limitations be imposed upon.
the appended claims as are stated therein.

What I claim and desire to secure by United
States Letters Patent is:

1. The combination with a Pitot-static tube
for aircraft having metallic static and dynamic
pressure ports; of an electric heating element
arranged to heat said ports; and means respon-
sive to the speed of the cratt for controlling a
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flow of electrical energy to said heating element.

2. The combination with a Pitot-static tube

having metallic static and dynamic pressure

ports; of an electric heating element arranged
to heat said ports; and means responsive to a
difference in pressure between said static and
sald dynamic pressure ports for controlling a
flow of electrical energy to said heating element.

3. The combination with a Pitot-static tube
having metallic static and dynamic pressure
ports; of an electric heating element arranged to
heat said ports; and pressure responsive means
connected to sald dynamic pressure port for con-
trolling a flow of electrical energy to said heating
element.

4. The combination with a Pitot-static tube
having metallic static and dynamic pressure con-
dults; of an electric heating element arranged
to heat said conduits; a switch connected to con-
trol a flow of electrical energy to sald heating
element; and a pressure responsive means re-
sponsive to the pressure in said dynamic pres-
sure conduit, said pressure responsive means
being connected to actuate sald switch.

5. The combination with a Pitot-static tube
having metallic static and dynamic pressure
ports; of an electric heating element arranged
to heat said ports; a switch connected to control
a flow of electrical energy to said heating ele-
ment; and a diaphragm responsive to a differ-
ence in pressure between said static and said dy-
namic pressure ports, said diaphragm being con-
nected to operate said switch.

. 6. The combination with a Pitot-static tube
including a metallic shell member having static
and dynamic pressure conduits therein; of an
electric heating element arranged to heat said
shell; a relay including a winding and an arma-

ture, the armature being connected to control a
flow of electrical energy to said heating element; a
switch connected to control a flow of electrical en-
ergy to said winding; and a diaphragm responsive
to a difference in pressure between said static and
said dynainic pressure conduits, said diaphragm
being connected to opearte said switch.

7. The combination with a Pitot-static tube in-
cluding a metallic shell member having static and
dynamic pressure conduits therein; of an electric
heating element arranged to heat said shell; a
relay including a winding and an armature, the
armature being connected to control a flow of
electrical energy to said heating element; a tem-,
perature responsive first switch within said shell:
a second switch, said first and said second switch
being connected jointly to control a flow of elec-
trical energy to said winding; and a diaphragm
responsive to a difference in pressure between
said static and said dynamic pressure conduits;
said diaphragm being connected to operate said
second switch. .

8. The combination with a Pitot-static tube
having metallic static and dynamic pressure con-
duits; of an electric heating element arranged to
heat said conduits; a relay including a winding
and an armature, said armature being connected
to control a flow of electrical energy to said heat-
ing element; a temperature responsive first switch'
responsive to changes in temperature of the at-
mospheric air; a second switch, said Arst and
said second switch being connected jointly to
control a flow of electrical energy to said wind-
ing; and a diaphragm responsive to a difference
in pressure between said static and said dynamic
pressure conduits, said diaphragm being con-
nected to operate said second switch.

PAUL KOLLSMAN




