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HEAT PROTECTED PRO-STATIC TUBE 

Paul Kollsman, Stamford, Conn., assignor, by 
amesne assignments, to Square D Company, De 
troit, Michi, a corporation of Michigan. 
Application March 2, 1938, Seria No. 195&65 

8 Cairns. (C. 3-22) 
This invention relates to Pitot-static tubes 

Of the type adapted for use with airplanes 
for the determination of the air speed of the 
Craft and relates particularly to heating Systems 

5 for keeping the Pitot-static tubes free from ice, 
SOW and sleet, 
The prevention of the accumulation of ice 

upon and in the ports of Such a tute is vital for 
its proper functioning. In an electrical heating 

l0 Systern for Pitot-static tubes injuries may occur 
to the heating element, thus requiring frequent, 
replacement of the heater. Accordingly provi 
Sion for opening and closing the tube is neces 
Say, for replacing the heating element which 

15 may lead to Weaknesses in the tube struct re. 
Under any invention I prefer an integral, 
streamlined retallic tube or shell for the Pitoi, 
Static tube proper, within which provide pair, 
of a heating System having automatic provisions 

20 capaole of supplying heat, conductively Rains 
ferred throughout the Pitot-static tube to pre 
vent the formation of ice and, in additicia. So 
controlled as to prevent over-heating aid he 
burning out of the heater even if the air ex 

25 poSure temperature to which the tube is subject 
ed be relatively high. 

in aerial navigation, particularly under codi 
tions of fog, ice and Snow, an air speed indicaioz' 
is an essential instrument from which to cont 

80 pute distance traveled 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 of 
the indicator tends to fill with ice and snow and 

35 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 

40 ing point of ice, thereby preventing adherence 
of congealed water to the exterior tube surfaces 
and melting out any congealed moisture which 
may enter the dynamic pressure duct. Difficulty 
is, however, experienced with Such heaters in 

45 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 

50, 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 flight under icing conditions, a mini 

sis mum of about 50 watts is required to keep the 

tuoe free of ice. This requires that the heater 
be switched or when icing conditions occur and 
Switched off before landing, eise the heater will 
3 trned out and inoparative for the ne: 

ascerat and the aii Speed meter hay fail for this 
Area.SCG. Further Aoire, a neater control for the 
tube under the pilot's hands is highly objection 
able item, since it, is 2nother thing to burden the 
inerriory of 2, pilot &lready overloaded aid the 
Anecessity of protecting the tube heater in ay re-, 30 
Suit, in neglect of SCGie other more important in 
Stirl rheit or contic, critin consequent acciderai, O. 

In attaining .329 (2.ject of safeguarding the 
kheates, progoge S70 provisions, eities one of 
which is useful. A local engarature controllied 
SWitch in the circuit of the heater may be ein. 
gloyed to cut of he current supply when the 
temperature of the tube and of the heater ap 
proaches an unsafe maximum and to tury, it on 59 
when the temperature of the tube approaches 
an undesirable minimum. (I. prefer to Sura or 
c.133 ent, at a drop of temperature below 30 C, 
and to cut of the current at 20 C.) 

ae present inventica provides means for the 
atomatic protectiona of the Pitot tuce and 333ia 
er oy the Supply to the tube of suificieza & aea; 
2nergy during intervals of flying at low terpera 
tures and cuts off the energy Supplied to the 
heater during non-iying intervals and diuring 
flying at safe temperatures through the opera 
tion, individually Gir Sirmultaneously of a pres 
sure actuated Switch responsive to dynamic air 
pressures and of a tenperature responsive mech 
anism which is actuated by the ambient air ten 
perature Surrounding the Pitot-static tube, the 
dynamic duct therein or the airplane itself. 

Objectively ny invention effects a Saving in 
expended heater energy, lower maximum tem 
perature at a standstill of a plane when the heat- " 
er circuit is left on and the elimination 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 a 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 ten 
peratures. 
Another object of the invention is to turn on a sis 

is 

  



10 

15 

20 

25 

80 

35 

45 

O 

S 

2 
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 Pitot-static 
tube heater. 
Yet another object of the invention is to re 

lay-control the heater current to a Pitot-static 
tube heater by the combined action of a pressure 
sensitive and temperature-responsive mecha 
nism. 

Still a further object of the invention is to shut 
of automatically the heater current during non 
flying intervals, to shut of 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: 

Fig. 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; 

Fig. 2 is a view in vertical section of the Pitot 
static tube and heater member of Fig. 

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 diagrammatic view of the tube and 
protecting mechanism of the enbodiment of Flg. 
l; 
Fig. 6 is a diagrammatic view of circuits and 

apparatus of still another embodiment of the 
invention; w 

Flg. 7 is a diagrammatic view of circuits and 
apparatus of another embodiment of the inven 
tion. 

In the embodiment of the invention shown in 
Figs. 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 of has mounted thereon a 
strut member 02 carrying the shell B3, with 
in which there is mounted the dynamic duct 
f04 of the Pitot tube structure. The shell 03 
serves as the static pressure means, from which 
the static pressure at any given elevation is con 
veyed through a tube member 5 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 O4 is conveyed through a tube 
08 to the air speed indicator fell and such other 

instruments as utilize the dynamic pressure, 
mounted upon the instrument board. A heater 
member 08 is mounted within the streamlined 
Pitot-static shell 3 adjacent the dynamic duct 
04 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 

there is provided a temperature-responsive 

2,321,547 
member 09, which may conveniently be a strip 
of the brass-invar steel material, well known as 
"bi-metal.' A source of heating energy such 
as a battery or a power driven generator is pro 
vided and connected, as shown in Fig. 3, to the 
heater 108 by appropriate leads 2 and 3, the 
circuit passing through the contacts 4 of a re 
lay 15. The bi-metal O9 has an attached con 
tact 6 which cooperates with a second contact 
lf. These contacts are connected in circuit with 
the winding of the relay 5. 
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 09 holds the 
contacts 6 and if separated, open-circuiting 
the relay 5 and leaving the relay contacts f4 
open, thereby preventing the flow of current 
through the heater O8. When, however, the 
temperature of the ambient atmosphere falls 
much below about 40 degrees, thereby approach 
ing icing temperatures, the bi-metal 09 closes 
the contacts 6 and if, energizes the relay 5 
from the current Source f f, thereby closing the 
contacts f4 and energizing the heater 08. 
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 invention. provides a highly rugged au 
tomatic control for the heater member in a Pitot 
tube structure. s 
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 

O 

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 
the assurance that the heater will be ready for 
innediate 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 of 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 
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 
Figs. 4 and 5 may be utilized. In this embodi 
ment the same strut member 2 attached to the 
fuselage O may be utilized with the Pitot shell 
08 and dynamic duct 4 therein. Branch pipes 
24 and 2 may be led from the dynamic duct 

O 
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06 and the static duct C5 to the pressurg 

responsive member 26. 
The pressure-responsive member 26 may con 

tain a pressure actuated capsule 2 cornecies: 
to the dynamic duct 6 and the casing of the 
member 26 may be connected to the static duct 
05 and shell f3. Adjacent the capsule 2 there 

are provided contacts 28 which are Connected 
in the coil circuit of the relay 5, as show in 
Fig. 5. An auxiliary hand switch 29. Enay be 
connected in series with the contacts 28, to conia. 
plete the relay coil circuit. The heate reme: 
08 is connected to the power source throug 

s as ShoWa, and through the relay contacts 
, 

In the operation of this embodiment, the hand 
Switch 29 may be closed at any convenient, tine, 
but the contacts 28 remain oper Latii lying 
Speed is obtained and the dynamic pressie lili, 
up in the duct (4 to such a waile as to expaid. 
the capsule 27 and thereby close the contacts 
f28, thus closing the coil circuit of the relay SS, 
and attracting its armature to close the contacis 

4. This permits current to flow in the heate 
fo8, which wili continue as long as iying 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 flying Speed. 
reduces the pressure in the capsule 2 and there 
by operts the contacts 28 to de-energize the relay 

5, open its contacts f 4 and de-energize the 
heater C8, thereby preventing a burn-out. 
Thus, since flying speed provides at air strea: 

OVer the Pitot-static tube she structure Sufi 
ciently great to remove from it any excess amount 
of heat which might injure the heater, the heate 
may be energized during all fiying periods, unde 
the control of the dynamic pressure in the cap 
sule 27, thus likewise freeing the pilot from the 
necessity of renenoering his Pitot the heater 
to make sire that it functions whers needed aid 
does not burn out. That is, a fully satisfactory 
protection of the tube and of the heate is o 
tainable by the simple feature of dynamic pes 
sure control of the heater power supply circuit. 

SOrle instances it may be desire to corse. We 
the electrical energy Supply to the Itnost, suc. 
as during flying in Arctic regions where the nor 
mal ground temperatures may on occasion he 
below freezing. The embodiment of Fig. 6 pro 
vides this function by a combination of tempera 
ture-sensitive control and pressure controi. 
As shown in Fig. 6, a similar Pitot-static toe 

structure is provided consisting of a similar shelli. 
03 housing a dynamic duct 04, adjacent to 

which is a similar heater 08, the whole structure 
being mounted in any desired way, such as upon 
a strut of the same kind as the strut C2 show. 
in Fig. 1. . A pressure responsive capsule 2 is 
provided and connected to respond to the dy 
namic pressure in a manner similar to the cap-a 
Sue shown in Fig. 4. In addition the CapStile 
may also be acted upon by the static pressure, 
as hereinbefore described. The capsule 2 oper 
ates the contacts 28 for the control of current ii. 
the relay coil 5. A temperature-responsive 
member, which may be a bi-metal strip CS, 
actuates the contacts 6 and . These COE is 
tacts are connected in series with the contacts 
28 and the relay coil 5, the entire circuit 
being energized by the power supply fl. 
relay contacts f4 are closed by the relay when 
both contacts 6- and contacts 28 are 
closed, thereby supplying heater power fromi te 
power supply if to the heater f08. 

The 

3. 
in the operation of this encodinent of the in 

Weation, he heat-sensitive member 3 gill close 
the contacts : G - E when the terrperate 
approaches the freezing point, or goes below. 
Eut the relay circuit is Got closed until flying 
speed is clotaine which provides Sufficient, d37 
Raric pressure to actuate the capsule 2 and 
close the contacts 28. Thus, if in fight a ten 
perature safely a love the icing point is reached, 
the contacts 6-8 oper, which opens the relay 
circuit and thereby opens the relay contacts to 
disconnect the power Supply to the heater 88, 
without regard to the presence of absence of 
flying speed. Sirilarly, if the piane ancis, the 
lack of dynamic pressure opens the contacts 828, 
similarly disconnecting the heater power froI. 
the heater 68 without 'egard to the abie 
terperatie. 
ES, this enodine of the invention piece 

Wides a, fully a Utorinatic control of the Fite, Gile 
heates which not only protects the eater and the 
air speed indicator readings, but conserves the 
thost possible heating power. 
it is of course not necessary that the tear 

perature-responsive Chee he positioned in the 
Pitot the she structuse. It may be instead 
positioned at a Ray convenient point which pai 
takes of the temperature of the air through 
Which the plane is lying, as is shown in Fig. . 
The enodinent of Fig. 7 utilizes a similar 

static shell member SS Supported upon a cor 
venient strut, of the type shown in Fig. 1. The 
shell 3 contains the dynamic duct 4 and 
heate: G8. The capsule 2 is responsive to the 
dynaric pressure, as previously described, for 
the operation of the contacts 28 which are coins 
nected as previously descried in connection with 
FigS. 4 to 6. The teaperature-Sensitive neinbei 
E23 is placed in any convenie, position. Where it 
will partake of the orial aibient ai i8nperae 
tire, and the contacts G.22 controlled by he 
temperature-responsive Emember 28 are connect 
ed in series with the contacts 28 in a maniae 
analogous to that of the eibodiment of Fig. 6, 
for the control of the relay 85 and its contacts 

, which turns the current on and off to the 
heate 8. 

The operation of this embodiment is closely 
similar to the operation of the emotinent of 
Fig. 6. 
Thus, the device of ; he invention provides 2, 

simple system for the continued protection of 
an air speed indicator system, in which a heater is 
provided for preventing the accumulation of ice, 
snow and sieet, in and upon a Pitot-static tube 
structure and in which the heater Salember is 
fully protected against the danger of burn-out 
without burdening the pilot's memory or hands 
with controls and the necessity of operating 
them to turn the heater current on during icing 
conditions and to turn it of upon landing. . 
While there are above disclosed out a limited 

number of embodiments of the device of the in 
vention, it is possible to provide still other em." 
bodiments without departing from the inventive 
concept herein disclosed and it is therefore de 
sired that 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: 
... The combination with a Pitot-static tube 

for aircraft having metallic static and dynamic 
pressure ports; of an electric heating eiement 
arranged to heat said ports; and means respon 
sive to the speed of the craft for controlling a 
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4. 
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 
said 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 said 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 
duits; of an electric heating element arranged 
to heat said conduits; a switch connected to con 
trol a flow of electrical energy to said 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 said 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 

2,391,547 
ture, the arrnature 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 dynamic 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 ten 
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, 0. 
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 first 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. 
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