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This invention relates to rate of climb instru-
ments. A simple form of rate of climb instru-
ment may be described as having a diaphragm
chamber which communicates with the atmos-
phere through a restricted orifice similar to a
capillary tube. . As the instrument is subjected

‘to changing pressure conditions, the pressure

within and without the diaphragm chamber
tends to become equalized by the flow of alr
through the capiilary tube. The rate of flow of
air through the capillary tube under changing
pressure conditions is a function of the rate of
change of pressure taking place. The movement
of an indicating hand which has connection with
the yielding wall of such a diaphragm chamber

may be used to give an indication of the rate of

change of altitude taking place when such an
instrument is carried by an aircraft in ascent
or descent.

Among the objects of the present invention is -

to provide a rate of climb indicator of the class
described having means for compensating the

‘action or operation of the instrument by mak-

ing corrections for errors introduced in the opera-
tion of the same because of changes in the vis-
cosity of the air for different temperatures.

Other objects of the. invention involve the
utllization .of thermostatic elements for auto-
matically controlling .the opersdtion of a rate of
- cimb instrument so as to afford greater ac-
curacy of indication over wide ranges of tem-
perature changes.

Other objects and advantages will be pointed

‘out hereinafter in the description of the inven-

tion and {llustrated in the drawing, in which,
Fig. I is a section through = rate of climb in-

. strument showing the working elements thereof
. and embodying the preferred construction of my
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invention;

Fig. II is a detail on line II—II of Mg. I; and

Mg. III {llustrates a modifled -form or device
for accomplismng the purpose of the present in-
vention.

It is a common practice to mount a dltphmgm
chamber 10 within another chamber formed by a
casing {i. This second chamber or interior of
casing (1 is subjected to atmospheric pressure at
all times. The casing !{ preferably is made air-
tight but it is prcvided with a vent 12 by means
of which it is placed in communication with the
atmosphere in 2 region where normal atmos-
pheric conditions exist.. The' particular vent

connection illustrated has a member 13 to which -

may be connected, by a union {4, a member {§
having openings I8. This connection may be
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used in instances where the atmosphere about an
instrument or in the vicinity of the vent is sub-
jected to normal - atmospheric pressure condi-
tions at the altitude at which.the aircraft is trav-
eling. In the event that it is desired to vent

. the interior of the casing at a remote point, the

member {§ may be replaced by a tube extending
to a remote place. It is at once apparent that
the chamber surrounding the diaphragm chamber
and defined, in the present instance, by casing
11 may be of limitless extent so far as the use-
fulness of the present invention is concerned.
Referring ‘to the construction illuistrated here-
in, pillar 18 which extends from the wall 9 of the
instrument supports the spring element 20 upon
which is mounted the diaphragm chamber (0.

.One end of -the diaphragm chamber 10 is main-
tained in a fixed position by an adjusting screw .

21 which engages the free end of the element 20.

The interior of the diaphragm chamber 10
communicates with the atmosphere through a
capillary tube 22. The capillary tube is supported
from the wall of a chamber 23 which has free
communication with the diaphragm chamber.
through conduit 24 and a hollow lug 24a. Also
communicating with chamber 28, through con-
duit 28, is a heat insulated tank 28.  This heat
insulated tank is usually provided and its pur-
pose it to increase the effective volume of air
whose pressure .is affected by the confined air
actlve from within the diaphragm chamber (9.
‘When the instrument is at a given pressure for

‘any length of time, the same pressure prevails

on the inside as well as the outside of the dia-
phragm chamber 10 and in tank 28 inasmuch as
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the diaphragm chamber is connected to the out- .

side_air by means of the capillary tube 22 and
the casing vent (2. If now the aircraft carrying

the instrument starts to climb, it immediately
.gets into air of lower pressure.
becomes the pressure on the outside of the dia-.

‘This pressure

phragm chamber (0 because of air escaping
through the vent (2. The air inside the dia-
phragm chamber and in the tank 2§ is, however,
only at the pressure corresponding to the pre-
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vious altitude inasmuch as the pressure of the

volume of air in the diaphragm chamber and
the tank cannot equalize immediately due to the

. small opening through the capillary tube throuxh
which the diaphragm chamber and the tank 2§
.are connected to the atmosphere. As long as

the aircraft continues to climb, the pressure in-
side the dlaphragm chamber remains higher than

ocatch up with the outside pressure. The pres-

_that outside thereof because it is not possible to .
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sure difference thus produced causes an expan-
sion of the diaphragm and, hence, the pointer 29
1s moved toindicate a climb. ' As previously

stated, the heat insulated tank 2§ is provided for
the purpose of increasing the effective volume of

enclosed alr active from within the interior of -

the expansible diaphragm chamber 10. The rate
of flow of air through the capillary tube during
a change in-elevation is a function of the rate of

change of pressure which is taking place as the
aircraft ascends, and hence a function of the rate’
‘of change of altitude which produces the rate of

. ‘change of pressure.
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" In order to indicate the change of altitude oc-

cwrring the motion of the yielding wall of the -

diaphragm chamber 10 is transmitted through a

- lever 28 to a needle 28, which is pivoted on a Shaft
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30. Needle 29 travels across the face of a dial

plate 31 upon whose face proper graduations are

imprinted. Shaft 30 carries a drum 32 which
has fastened to it one end of the flexible element

~ 33. The other end of the flexible element is

" 25

" to respond to all movements of the lever 28.

fastened to the outer end of the lever 28. A hair
spring 384 js provided for maintaining the flex-
ible element taui so that the needle 29 is caused
It
has been the practice to connect the lever 28
with the yielding wall or movable end of the dia-
phragm chamber 18, and, with this understand-

ing, the features of construction just described °

' ay be considered for the purposé of the present
- disclosure as being representative of a construc-
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tion of a rate of climb instrument in general use.
The relation of the various factors which de-
termine the rate of flow of air through the capil-

lary tube may be expressed by the following for-

mula: .
v8nl
xr

Pl1— P2—

‘where Pl is the pressure of the air entering the
‘capillary-tube and P2 is the pressure of the air

leaving the capillary tube; r is the radius of the
orifice; n is. the coefficient of internal friction
or viscosity qf the air; ! is the length of the
capillary tube; and v is the volume which ﬂOWS

* through the orifice in a given time.
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: peratures than it is for higher temperatures.

The viscosity of the air is less for lower tem-
It
therefore is apparent that unless compensation
is provided the difference in pressure caused by

- the drop in pressure through the orifice is less

.55

at low temperatures than at high temperatures
for the same rate of change in altitude, and that
because of the greater rate of flow of air at low
temperatures than for high temperatures, an in-
dication dependent upon the rate of flow is too

low when low temperatures prevail if the instru-

ment has been calibrated to indicaté correctly
at & higher temperature. Conversely; if an in-

. strument -has been calibrated to indicate correct-
. ly at a low temperature, the rate of flow of air

- through the capillary tube is lesser at a high.
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temperature than for a lower temperature for
the same rate of change in altitude or pressure

“and, hence, the instrument would indicate too

high.- Por the purpose of making a clear and

 concise disclosure of the invention, it will be de-

.‘sirable to refer only to a condition in which the-

70

15

rate of climb instrument has been calibrated to
indicate properly at so-called high temperatures,
which may be taken to be a high average tem-
perature for temperate climates.
temperature is, of course, a matter of convenience
and subject to selection. -

The reference’

120,263

: ‘Axi instrument of this character, when carried

from the ground by an aircraft is usually exposed

.- to much colder temperatures than ground or lab-
. oratory temperatures, especially when it is neces-

sary to fly at high altitudes. At the high tem-
peratures the viscosity of the air is increased

- .and the instrument, unless corrected, will give

indications of greater rate of change in alti-
tude than those actually taking place. It is
therefore ‘desirable to provide -means for auto-
matically decreasing the reading of the rate of
climb instrument when such conditions prevail,
and, for accomplishing this, I have illustrated in
Fig. I a thermostatic element 37 in the form of a
bi-metallic member which is carried by lever 28.
The free end 38 of ‘the thermostatic element is

pivcted to the link 39, which likewise is pivotally
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connected to the post 40a, rigidly 'mounted ‘upon -

the yielding wall of the diaphragm chamber (0.

This thermostatic element is so designed and dis-
posed that its free end 38 moves away from the

pivot 4ia of lever 28 upon an increase in tem--
perature. Such movement causes the indicating
‘needle 23 to indicate less than the needle would

indicate if no correction were provided for.the
higher viscosity. of the .air at the higher tem-
perature prevailing. Upon a decrease of the sur-

rounding temperature, the free end 38 of the

thermostatic element 37 moves toward the pivot.
4fa and increases the-effect of the diaphragm on
ihe indicating means. By such lattér movement
of the free end of the element in respect to the

fulcrum of its supporting lever the reading ‘of

the indicating means is increased. It is there-
fore apparent that the result of undesired in-
fluences due to changes of viscosity of the a1r at
different temperatures is. corrected. "~ -

.In Fig. III I have shown means by which the

_compensation may be made in & different man-.
ner.

Instead of providing the thermostatic ele-
ment 37 in the chain of mechanism, I may pro-
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vide said element with a pin &4f and arrange -

said element in such a position as to enable said
pin to enter or recede from the mouth of the
orifice 42 of the capillary tube 22. . The fastened
end -of the thermostatic element may be rigidly

supperted in any maunner as, from the capillary.

tube, by means of a bracket 44, Since the vis-
cosity of the air decreases as the oemp=rabur°
lowers and the rate of flow through the capillary
tube becomes greater, the rate of flow may be
corrected by reducing ‘the cross sectional area ot

the orifice of the capillary tube, or any part there--

of. . Accordingly, the thermostatic element 31
in F1g III should be =3 disposed as ta cause pin

. 41 to move toward the capillary tube as the tem-
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perature reduces and ‘to move -away from the -

capillary tube as the temperature: iicreases. At

‘a lower temperature than that to which- the

instrument was subjected when calibrated, the
pin 41 will occupy such a position as to compen-

.sate for the greater rate of flow which would

otherwise take place for the same rate of change
in pressure if the effiux of air through the onﬁce
were not impeded.

While I have referred in detail to various forms

the viscosity of the air may be compensated ifor
in raté of climb instruments, I do not wish to be’
restricted to any one embodiment of the inven-
tion disclosed, for it iS apparent that changes

in relations of parts and of combinations come-
‘within the purview of the present invention. To

that end I contemplate such alterations and
modifications as utilize thermostatic means for

_-of devices by which errors due to changes in .

70
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.accomplishing the -purposes primarily set forth
and within the scope of the appended claims. :

What I claim is: . .

1. A rate of climb indicator for aircraft com-
prising, in combination, a chamber, a second -
chamber, a yielding wall between said chambers
and subject to differential pressures in said cham-
bers, means placing one of said chambers in com-
munication with the atmosphere, means placing
the other of said chambers In restricted com-

~ munication with the atmosphere, indicating -

15

. peratures.

means controlled by the yielding wall, and tem- -
perature responsive means intermediate said in-
dicating means and yielding wall for correcting
error in the instrument indication caused by
changes in the viscosity of air from Qifferent tem-

2. A rate of climb indicator for aircraft com-
prising, in combination, a chamber, a second
chamber, a ylelding wall between said chambers
and subject to differential pressures in said cham-
bers, means placing one of said chambers in com-

‘munication with the atmosphere, means placing

the other of said chambers in restricted com-
munication with the atmosphere, indicating
means controlled by the ylelding wall, and means

. intermediate said indicating means and yieldinz

wall for transmitting the movement of said yield-
ing wall to sald Indicating means, said inter--
mediate means comprising a therrmostatic ele-

. - ment responsive to temperature changes.

3. A rate of climb indicator for aircraft com-
prising, in combination, a chamber, a second

~ chamber, a yielding wall between said chambers -

70
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and subject to differential pressures in said chams-
bers, means placing one of said chambers in com-
munication with the atmosphere, means placing.
the other ‘of said chambers in restricted com- -
munication with the atmosphere, means for in-

dicating the movement of said yielding wall In. “having a chamber, means communicating said

. casing with the atmosphere, a movable indicator

response to changes in the differential pressures
to said chambers, and connecting means inter-
mediate said indicating means anad yiclding wall,
said connecting means comprising a thermostatic.
element having one end carried by a pivoted arm
and its other end connected with said yielding -
wall and free to move toward and away from:

the pivot of its carrying arm. .

4. A rate of clinib indicator for aircraft, com- -
prising, in combination, a chamber, a second"
chamber, a yielding wall between said chambers.
and subject to differential pressures in saild cham-
bers, means placing one of said chambers in
communication with the atmosphere, means plac-
ing the other of said chambers in restricted com-
munication with the 'atmosphere, indicating
means controlled by the yielding wall, and means
connecting said indicating means and yielding
wall for transmitting the movement of said yielg-
ing wall to said indicating means, said connect- -
ing means comprising an element autometically
responsive to temperature changes for varying
the indicating relation of the indicating means
relative to the position of the ylelding wail for
different viscosity conditions of the air under
the same pressure differential. .

5. In a rate of climb indicator for aircraft, the
combination of an expansible diaphragm device
operated in accordance with changes in altitude,
a capiliary tube connected to the interior of said
diaphragm device for providing a restricted flow -
of air from said device in accordance with the
rate of change of altitude, indicating means op-
erated by said device for indicating said rate of
change of altitude, and temperature responsive

20,3603
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means for affecting the rate of flow of air through

sald capillary tube from said diaphragm device -

in accordance with changes in the viscosity of

. the air due to changes in temperature.

6. In a rate of climb indicator, the combination
comprising a diaphragm chamber closed from
communication with the atmosphere except

. through the orifice of a capiliary tube, means
~-controlled by the wall of said diaphragm chamber

for indicating its movement when said diaphragm
chamber is cubjected to changing atmospheric
pressure, and thermostatic means for affecting
the movement of said indicating means in re-
spect to the movement of the wall of the dia-

‘pPhragm chamber and in accordance with changes

in the viscosity of the.air flowing through the

- capillary tube due to changes in the temperature.

7. In.a rate of climb indicator, the combination

- of a casing provided with an opening to the at-

mosphere, an expansibleé diaphragm device in said
casing, a capil’ary tube having one .end thereof
communicating with the interior of said dia-
phragm device and its other end open to the in-
terior of the casing whereby the interior of said
diazhragm device is connected in restricted com-
munication with the atmosphere through said
capillary tube and through the opening in the

- casing, means for indicating the movement of the

walls of said diaphragm device when said device
is subjected to changing atmospheric pressure,
connecting means between. said indicating means
and sald diaphragm device comprising a lever, a

- bi-metallic element carried by said lever and ex-
-ténding therefrom, said element being disposed so
~that its free end moves to and from the fulerum
~of the lever in response to temperature changes,

and means connecting the free end of said bi-
metallic element to said diaphragm device.
8. In apparatus of the class described, a casing

carried by said casing, an expansible diaphragm

"in said casing, operating means connecting said

diaphragm and sald indicator for operating the

latter by the former, a reservoir containing a -
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fluid and having communication with said cham-

ber and mounted exteriorly of said casing, a tubu-
lar connection between the interfor of said dia-

- phragm and said chamber, a capillary tube con-.
nected to said chamber for providing restricted -

communication between the interior of said ex-
pansible diaphragm and the atmasphere through

‘sald chamber and said casing, and means re-

sponsive tc temperature changes for producing a
compensating effect on said indicator in accord-
ance with changes In viscosity of the fluid so
that said indicator will give true indications
irrespective of said changes in viscosity due to
changes in temperature. ) :

9. In an instiument for indicating rate of
change of altitude, a casing, means communicat-

ing sald casing with the atmosphere, a movable:

indicator carried by said casing, an expansible
diaphragm in sald casing; 6perating means con-
necting said diaphragm and said indicator for
opérating the latter by the former, a capiliary

" tube-having a connection to said expansible dia-

phragm for providing restricted communication
between the interior of said expansible diaphragm
and the atmosphere through said casing, and
means responsive to temperature changes for
producing a compensating effect on said indi-
cator in accordance with changes in viscosity of
air so that sald indicator will give true indications
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" “in temperature.
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4
irrespective of sald changes In viscosity due to
chinges in temperature. . b

10. In an .instrument for -indicating rate of
change of altitude, & casing, means communi-
cating said casing with the atmosphere, a mov-

able indicator carried by said casing, an expan-.

sible diaphragm in said casing, operating means

connecting said diaphragm and said indicator for '

operating the latter by the former, a reservoir
containing air and having communication with
the interior of said diaphragm and mounted ex-

teriorly of said casing, a capillary tube having

a connection to said diaphragm and said reservoir
for providing restricted communication between

the inierior of said diaphragm-and the atmos-:

phere.through said casing, and temperature re-
sponsive means for producing & compensating
effect on said indicator in accordance “with

- ¢changes in viscosity of air so that said indicator

will give true indications irrespective of said
changes in viscosity due to changes in tem-
perature. . .
11. In combination, an expansible diaphragm
having a yielding wall subject to free atmospheric
pressure on one side thereof, means for retarding
the rate at which pressure on the other side of

said yielding wall tends to become equal to ‘a -

changing atmospheric pressure due to changes
in altitude, indicating means actuated by said
yielding wall in. accordance with the rate of

- change of altitude, and temperature responsive

means for producing’ a compensating effect on
said indicating means in accordance with changes
in viscosity of the atmosphere so that said in-
dicating means will give true indications irre-
spective of said changes in viscosity due to changes
. 12, In a rate of climb indicator for aircraft,
the combination of an expansible diaphragm de-
vicé operated in accordance with changes In alti-
tude, a capillary tube connected to the interior
of said diaphragm device for providing a re-

stricted flow of air from said device in accord-

ance with the rate of change of altitude, indicat-
ing means operated by said device for.indicating
said rate of change of altitude, and temperature
responsive means for producing a compensating
effect on said indicating means in accordance

" with changes in viscosity of air so that said in-

dicating means will give true indications firre-

_spective of said changes ‘in viscosity due to

changes in temperature. . ‘
13, In combination, an expansible  diaphragm

having a yielding wall subject to' atmospheric -

pressure on one side thereof, means for retard-

" ing the rate at which pressure on the other:side

of said yielding wall tends to become equal to a

‘changing atmospheric pressure due to changes’

 in altitude, indicating means actuated by: said
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‘yielding wall in accordancewith the rate of change

of altitude, and temperature responsive means for

producing a compensating effect on said indicat-

ing means in accordance with changes in tem-
perature so that said indicating means will give
true indications irrespective of sald changes in
temperature. : :

14. In combination, an expansible diaphragm -

having a ylelding wall subject to.atmospheric
pressure on one side thereof, means for retard-
ing the rate at which pressure on the other side

" of said yielding wall tends to become equal to a

changing atmospheric pressure due to changes in .

altitude, indicating means actuated by said yield-

“ing wall in accordance with the rate of change of

' Aso,zes :

altitude, and mea!nsb connected to sald diaphragm

“ for producing a compensating effect on said in-
“dicating means so that the latter will give true
indications irrespective of changes in temper-

ature. . .
15. In combination, an expansible diaphragm

pressure on one side thereof, means providing a

-restricted passage for retarding the rate at which
“pressure on the other side of said ylelding wall

tends to become equal to a changing atmospheric
pressure due to changes in altitude, indicating
means actuated by said yielding wall in accord-

-ance with the rate of change of altitude, meahs

for .controlling said restricted passage, and tem-

_having a- yielding wall subject to atmospheric -
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perature responsive means for actuating said -

controlling means to produce a compensating ef-

- fect on said indicating means in accordance with

changes in temperature so. that said indicating
means will give true indications irrespective of
said changes in temperature.

16. In combination, an expansible diaphragm

. having a yielding wall subject to atmospheric

pressure on one side thereof, means providing a
capillary passage for retarding the rate at which
pressure on-the other side of said yielding wall
tends to become equal to a changing atmospheric
pressure due to changes in altitude, indicating

means -actuated by said yielding wall in accord-

ance with the rate of change of altitude, valve

“means for controlling said capillary passage, and
'temperature responsive means for actuating said -

valve means to produce a compensating effect on
said indicating means in accordance with changes
in temperature so that said indicating means will
give true indications irrespective of said changes
in temperature.
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17. In combination, an expansible diaphragm

having a yielding wall subject to. atmospheric
pressure on one side thereof, means providing a

restricted passage for retarding the rate at which

pressure on the other side of said ylelding wall
tends to become equal to a changing atmospheric
pressure due to changes in altitude, indicating

means actuated by said yielding wall in ‘accord- -

ance with the rate of change of altitude, a reser-
voir containing air and having’ communication
with the interior of said diaphragm and with the
atmosphere through said restricted passage for
increasing the éffective volume of said diaphragm,
automatically actuated means for controlling said
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restricted passage, and ‘means ' responsive to-

changes in temperature of the aimosphere for’

automatically actuating said controlling means
to produce a compensating effect on said indi-
cating means in accordance with said changes
“in temperature so that said indicating means will

give true indications irrespective of said changes’
-in temperature. :

18. In combination, an expansible diaphragm
having a ylelding wall subject to atmospheric
pressure on one side thereof, means providing a
restricted passage for retarding the rate at which
pressure on the other side of said yielding wall
‘tends to become equal to a changing atmespheric
pressure due to changes. in altitude, indicating
means actuated by said yielding- wall in accord-
ance with the rate of change of altitude, auto-

. smatically actuated valve mear:s for controlling

said restricted passage, and means responsive to
changes in temperature for automatically actu-

ating said valve means to produce a compensating
* effect on said indicating means.
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