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- 18 Claim?? 

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 slmilar to a 
capillary tube. As the instrument ls subjected 
to changing pressure conditions,the pressure 
within and without the diaphragm chamber 
tends to become equalized by the flow of alr 
through the capillary tube. The rate of flow of 
air through the capllary tube under changing 
pressure conditions is a function of the rate of 
change of pressure taking place. The movement 
of an lndicating 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 ls 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 
descrlbed having means for compensating the 
action or operation of the instrument by mak? 
ingcorrections forerrorsintroduced in the opera 
tion of the same because of changes ln the vls 
coslty of the air for different temperature8? 
Other objects of the,invention lnvolve the 

utlzation of thermostatic elements for auto 
maticaly controlling.the operation of a rate of 
clmb instrument so as to aford 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 inwen 
tlon and lustrated in the drawing,in which, 
*g,I ls a section through a rate of cilmb in 

strument showing the worklng elements thereof 
and embodying the preferred construction of my 
inWentlon; - 

F"g. DI is & detail on line II?? of *g,I; and 
*g. DI llustrates a modified form or dewlce 

.for *ecompiahing thepurpose of the present in 
Wentlon? - * 

Itis a common practice to mount a daphragm 
eh?mber 1@ Within Bnother chamber formed by a 
caslng 11,This second chamber or interlor of 
easing 11 is subjected to atmospheric pressure at 
altimes. The casing 11 preferably is made alr 
tight but it is provided with a vent f2 by means 
of which it is pl&ced in communlcatlon with the 
atmosphere in a region where normal atmos? 
pherlc conditions exist. The' particular vent 
connection illustrated has a member 1@ to which 
may be connected,by a union 14,8 member 1? 
having opening@ 18. Thls conneetion may be 

(Cl?264?1) 
Ulsed in instances where the atmosphere about Bn 
tnstrument or in the vicinity of the went is sub 
jected to normal·atmospheric pressure condi 
tions at the altitude at which.the aircraft istrav 
eling,In the event,that it is desired to Vent 

,the interior of the casing at a remote point,the 
member 15 may be replaced by a tube extending 
to 8 remote place. It is at once apparent that 
the chamber surroundingthe diaphragm chamber 
and defined,in the present instance,by casing 
11 may be of limitless extent so far as the use 
fulnes of the present invention is concerned. 
Referring to the construction illustrated here 

ln,pilar 1@ which extends from the Wali 9 of the 
instrument supports the spring element 2@ upon 
which is mounted the diaphragm chamber H@? 
One end of the diaphragm chamber 10 is maln 
tained in a fixed posltion by an adjusting Screw, 
21-which engages the free end of the element 2@. 
The interlor of the diaphragm chamber 1@ 

communicates with the atmosphere through a 
capillarytube22. The capillarytubeissupported 
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 23,through con 
dult 25,is @ heat insulated tank 2$, This,heat 
ingulated tank is usually provided and its pur 
pose it to Increase the efective volume of alr 
whose pressure is afected by the confined alr 
active from within the diaphragm chamber 1@. 
When the instrument is at a glven pressure for 
any length of time,the same pressure prevals 
on the inside as well as the outside of the da 
phragm chamber 1@ and in tank 28 inasmuch as 

15 

the daphragm chamber is connected to the out?? 
side.air by means of the capillary tube 22 and 
the castngvent 12. If now the aircraft.carrying 
.the instrument starts to cllmb,it immedlately 
;gets into air of 1ower pressure Thls pressure 
becomes the pressure on the outside of the dla?? 
phragm chamber 1@ because of alr escaping 
through the vent 12. The air inslde the da 
phragm chamber and tn the tank 2$ is,however, 
only at the pressure correspondng to the pre 45 
wious altitude inasmuch as the pressure of the 
wolume of alr in the dlaphragm chamber and 
the tank cannot equalize 1mmedately dueto the 
sman openingthrough the caplarytube through 
which the diaphragm chamber and the tank 26 
.are connected to the atmosphere. As long as 
the alrcraft continues to climb,the pressure in 
&lde the daphragmchamberremalns hlgher than 
that outside thereof because lt ls not p08slble to 
@tch up with the outside pressure. The pres 
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sure dference thus produced causes an expan 
slon of the diaphragmand,hence,the polnter 29 
ls mowed to indicate a climb. As previousiy . 
stated,the heat insulated tank25 is provided for 
the purpose of increasing the efective volume of 
enclosed alr active from within the interior of 
the expansible daphragm chamber 10, Therate 
of flow of air through the Capillary tube during 
a changeinelevation is a function of the rate of change of pressure which istaking place as the 
aircraft ascends,and hence a function of the rate 
of change of altitude which produces the rate of 
change of pressure, - 

In order to indicate the change of altitude oc 
curring the motion of the,yielding wall of the 
diaphragm chamber 1@ is transmitted through a 
lever28to a needle 29,whichispivoted on a shaft 

20 

25 
to respond to all movements of the 1ever 28. 
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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 
fastened to the outerend of the lever 28. A hair 
spring 34 1s prowlded for maintaining the flex 
ible element taut 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 10,and,with thls understand 
ing,the features of construction just described 
may be considered for the purpose of the present 
disclosure as being representative of a construc 
tion of a rate of climb instrument ingeneral use. 
The relation of the various factors which de 

termine the rate of fiow of air through the capil 
1ary tube may be expressed by the followingfor 
mula: - - - 

w8rn1 
Tr4 

where Pt is the pressure of the air entering the 
capillarytube and P2 is the pressure of the air 
1eaving the caplarytube;r is theradius of the 
orifice; n is the coeficient of internal friction 
oryscosityof the air; is the length of_the 
capilary tube; and D ls the volume Which flows 
through the orifice in a glven time, 

50 
peratures than it is for higher temperatures. 
The viscosity of the air is less for Iower tem 

It 
therefore is apparent that unless compensation 
is provided the diference in pressure caused by 

?.… the drop in pressure through the orifice is 1ess 

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 ofair at 1ow 
temperatures than for high temperatures,an in 
dication dependent upon the rate of flow is too 
Iow when low temperatures preval if theinstru 
ment has been calibrated to indicate correctly 
at 8 higher temperature. Conversely,if an in 
strumentshas been calibrated to indicate correct 

through the capillary tube is lesser at a high, 
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1y at a low temperature,the rate of flow of air 
temperature than for a lower temperature for 
the same rate of change in altitude or pressure 
and,hence,the instrument would indicate too 
high. For the purpose of making a clear and 
concise disclosureof the invention,it will be de 
sirable to referonly to a condition in which the° 
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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 fortemperate clmates The reference 
temperature is,of course,a matter of convenlence 
@nd @ubject to?election, 

ner. 

20,263… 
Annstrumentorthischaracter,whencarred 

from the ground by an aircraft is usually exposed 
to much coldertemperatures than ground or lab 
oratory temperatures,especiallywhen itis neces 
Sary to fly at high altitudes. At the high tern 
peratures the wiscosity of the air is increased 
and the instrument,unless corrected,will glve 
lndications of greater rate of change in altl 
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,foraccomplishing this,I have illustrated in 
Fig,I a thermostatic element 3T in the form of a 
bi-metallic member which is carried by 1ever28. 
The free end 38 of the thermostatic element is 
pivcted to the link39,which likewise is pivotally 
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connected to the post 40a,rigidly mounted upon 
the ylelding wall of the diaphragm chamber 10. 
This thermostatic element ls so designed and dis 
posed that its free end 38 moves away from the 
pivot ??a of 1ever 28 upon an increase in tem 
perature. Such movement causes the indicating 
needle 29 to indicate less than the needle would 
indicate if no correction were provided forthe 
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 3T moves toward the pivot 
41a and increasestheefect of the diaphragm on 
the indicating means. By such 1atter 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 air at 
diferent temperatures is corrected, 
.In Fig. III I have shown means by which the 

compensation may be made in a diferent man 
Instead of providing the thermostatic ele 

ment 37.in the chain of mechanism,I may pro 
vide said element with a pin 4 and arrange 
said element in such a position as to enable Said 
pin to enter orrecede from the mouth of the 
orifice 42 of the capillary tube 22.?The fastened 
end of the thermostatic element may be rigidly 
supported in any manner as,from the capillary, 
tube,by means of a bracket 44. Since the vis 
cosity of the air decrea8es as the temperature 
1owers and the rate of fiow through the Capillary 
tube becomes greater,the rate of flow may be 
corrected by reducingthe cross sectional area of 
theorificeofthe capillarytube,oranypart there 
of.,Accordingly,the thermostatic element 31 
in Fig. III should be ro disposed as to cause pin 

- 41°to move toward the capillary tube as the tem 
perature reduces and to move-away from the 
capillary tube as the temperatureincreases. At 
a 1ower temperature than that to_which the 
instrument was subjected when calibrated,the 
pin 4 will occupy such a position as to compen 
.sate for the greater rate of fiow which would 
otherwisetake placeforthe same rate of change 
jn pressure if the efux of air through the orifice 
were not impeded. , 
While I havereferred in detail to various forms 

20 

25 

80 
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of devices by which errors due to Ch8nges in · 
the wiscosity of the air may be compensated for 
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 inventiDn. To 
that end I contemplate such alterations and 
modifications as utilize thermostatic means for 

70 

  



10 

15 

munlcation with the atmosphere, - 
means controlled by the yielding Wall,and tem 

20,268 
&ccomplishing.the·purposes primarly set forth 
and Within the scope of the appended clalms? 
What I clalm ls: - - 
1,A rate of climb indicator for adrcraft com 

pristng,ln combination,a chamber,a second 
chamber,a yielding wal between said chambers 
and 8ubject to dferentlal pressures in sald cham? 
bers,means placing one of said chambers in com? 
munlcation.with the atmosphere,means placlng 
the other of sald chambers ln restricted Com? 

perature responsive means lntermedate said in 
dc8thng means and yielding wall for correcting 
error in the instrument indication caused by 
change8inthe wiscosity of adrfrom dferent tem 
peratures. 
2,A rate of climb indicator for alrcraft Com 

prising,in combination,a chamber,a second 
chamber,a yleldingwall between sald chambers 
and subjectto diferential pressures in said cham 
bers,means placing one of said chamber8 in com 
municatlon with the atmosphere,means placing 
the other of said chambers in restricted Com? 
munlcation with the atmosphere,lndicating 
means gontroled bytheyleldingwall,and means 
intermedate said indicating means and yielding 
wall for transmitting the movement of saidyield 
ing wall to sald indicating means,said inter? 
mediate means comprising a thermostatic ele 
ment responsive to temperature changes. 

78 

3. Arate of climb indicator for aircraft com 
prising,in combination,a chamber,a second 
chamber, a yielding wall between said chambers 
andsubjectto dferentialpressures insaid cham 
bers,means placing one of said chambers in com 
munication with the atmosphere,means placing 
the otherof sald chambers in restricted com 
munlcation with the atmosphere,means for in 
dcating the movement of sald yielding wall in 
response to changes in the dferentlai pressures 
to sald chambers,and connecting means inter 
mediate said indieating means and ylelding Wal, 
8aid connecting means comprislnga thermostatic 
element having one end carried by a plvoted 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,Arate of climb indcator for aircraft,com 

prising,ln combination,a chamber,a second 
chamber,a yielding Wall between sald chambers 
andsubjectto dferentialpressuresinsaldcham 
bers,means placing one of sald chambers in 
communicationwith the atmosphere,meansplac 
ing the other of said chambers in restricted com~ 
munlcation with the atmosphere,indcating 
means controlled by the ylelding Wal,and means, 
connecting said indicating means and yieldng 
waW fortransmitting$he movement of sald yield 
ing wall to sald indicating means,sald connect? 
ing means comprising an ekyment automatically 
responslve to temperature changes for varying? 
the indicating relation of the lndicating means 
relative to the position of theyleldng wail for 
dfrerent wiscoslty conditions of the air under 
thesame presgure dferentlal. 

5. In a rate of cHmb indicator for atrcraft,the 
combination of an expansible daphragm device 
operatedin accordance with changes in altltude 
acapulary tube connected to the interlor of sald 
diaphragm device for providng a restricted fow 
of air from sald device in accordance with the 
rate of change of altitude,indcating means op 
erated by said device for indcating sald rate of 
change of altitude,and temperature responsive 

indicating, 

3 
meansforafectingtherate offow ofairthrough 
sald capillary tube from sald daphragm device 
in accordance with changes in the wiscosity of 
the air due to changes in temperature. 

6. Ina rate of climb indicator,the comblnation 
comprising a diaphragm chamber closed from 
communication with the atmosphere except 
through the orifice of a capiliary tube,means 

·controlledbythe Wall of sald daphragm chamber 
forindicating its movement when said diaphragm 
chamber is subjected to changing atmospheric 
pressure,and thermostatic means for afecting 
the movement of said indicating means ln re? 
spect to the movement of the wall of the dia 
phragm chamber and in accordance with changes 
in the viscosity of the air flowing through the 
capllary tube due to changes inthe temperature. 

7. In?a rate of climb lndicator,the combination 
of a casing provided with an opening to the at? 
mosphere,an expansible daphragm device in said 
casing, a capilaxy tube having one,end thereof 
communlcating 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 
dachragm device is connected in restricted com 
munication with the atmosphere through sald 
capillary tube and through the opening in the 
casing,meansforindicatingthe movement of the 
wals 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,8 
?-metallic element carried by sald lever and ex 

ténding therefrom,sald element belng disposed 80 
that its free end moves to and from the fulcrum 
of the lever in response to temperature changes, 
and means connecting the free end of said bl 
metallic element to said diaphragm device? 

8. In apparatus of the class de8cribed,a casing 
having a chamber, means communicating sald 
casing with the atmosphere,8 movable indicator 
carried by said casing,an expansible diaphragm 
insaid casing,operating means connecting sald 
diaphragm and sald indicator for operating the 
1atter by the former,a reservoir containing 8 
fuld and having communication with sald cham 
berand mounted exteriorly of saidcasing,atubu 
1arconnection between the interlor of said dia 
phragm and sald chamber,a capillary tube con? 
nected to said chamber for providing restricted 
communication between the interlor of said ex? 
pansible diaphragm and the atmosphere through 
said chamber and said casing,and means re? 
sponsive to temperature changes for producing a 
compensating efect 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 instrument for indicating rate of 
change of altitudc,a casing,means communicat? 
1ngsald casing with the atmosphere,a movable 
indicator carried by sald casing,an expansible 
diaphragm in sald casing, dperating means con 
necting said daphragm and sald tndicator for 
operating the latter by the former,a caplary 
tube.having a connection to said expansible dia? 
phragm for providing restricted communication 
betweentheinterlorof saldexpanslble daphragm 
and the atmosphere through said casing,and 
means responsive to temperature changes for 
producing a compensating efect on said ind 
cator in accordance with changes in vlscosity of 
airsothatsald indicatorwillgive true indlcations 
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4 
irrespective of sald changes in viscosity due 
changes in temperature. - 

10. In an instrument for indicating rate of 
change of altitude, a casing, means communi 
cating said casing with the atmosphere,a mov? 
able indicator carried by Said casing,an eXpan?, 
sible diaphragm in said casing,0perating 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 hawing 
a connection tosaiddiaphragmand saidreservoir 
for providing restricted communication between 

to 

the interior of Said diaphragm and the atmos 
phere.through sald casing,and temperature re 
sponsive means for producing a compensating 
efect On said indicator in accordance with 
changes in viscosity of air so that said indicator 
wili give true indications,irrespective of said 
Changes in,viscosity due to changes in tem 
perature, - - 

11. In combination,an expansible diaphragm 
having ayielding wallsubject 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 efect on 
Said indicating meansin accordance with changes 
in viscosity of the atmosphere so that said in 
dicating means,will give true indications lrre 
Spective ofsaid changesinwisc0sity due to changes 

12,In a rate of climb indicator for aircraft, 
the combination of an expansible daphragm de 
vice operatedinaccordance with changes in alti 
tude,a capillary tube connected to the interior 
of said diaphragm device for provlding a re 
stricted flow of air from said device in accord 
ance with the rateof change of altitude,indicat? 
ing means operated.by sald device for indicating 
Said rate of change ofaltitude,and temperature 
responsive means for producing a.compensating 
efect on said indicating means in accordance 
with changes in viscosity of air so that said in 
dicating means will give true indications irre 
spective of said changes in viscosity due to 
changes in temperature. - - - 

13,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 pre8sure on the otherside 
of said yielding wall tends to become equal to a 
changing atmospheric pressure due to changes 
in altitude,indicating means actuated by sald 
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yieldingwallin accordancewiththerateofchange 
of altitude.andtemperature responslve means for 
producing a compensating efect on said indlcat 
ing means in accordance with changes in tem 
perature so that said indicating means will glve 
true indications irrespective of said changes in 
temperature. .… - 

14. In combination,an expansible daphragm 
having a yieiding wall subject to atmospheric 
pressure on one side thereof,means for retard 
ing the rateat 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 bysald yield? 
ingwan in accordancewiththerate of change of 

20268 
altitude,and means connectedto said daphragm 
forproducing a compensating efect on sald in 
dicating means so that the latter Will give true 
indications irrespective of changes in temper 
ature. ?? 

15. In combination,an expansible diaphragm 
having a yielding wall subject to atmospheric 
pressure on oneside thereof,means providing B 
*restricted passage for retarding the rateat which 
pressure on the other side of said ylelding wall 
tendsto 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.controliing said restricted passage,and tem? 
perature responsive means for actuating Said 
controlling means to produce a compenSating ef? 
fect onsaidindicating 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 
tendsto 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 
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temperature responsive meansfor actuating said 
valve meansto produce a compensating efect on 
said indicating meansinaccordahcewith changes 
intemperatureso that said indicating means will 
give true indicationsirrespective of Said changes 
in temperature. 

35 

17. In combination, an expansible diaphragm 
having a yielding wall subject to atmospheric 
pressure on one side thereof,means providing a 
restricted passage forretarding the rate at which 
pressureon the other side of said yielding_wal 
tendsto becomeequal to a changing atmospheric 
pressure due to changes.in altitude,indicating 
means actuated by sald yielding wal11n accord-, 
ance with therate of change of altitude,a reser? 
voir containing air and having communication 
with theinterior of said diaphragm and with the 
atmosphere through said restricted passage for 
increasingthe effective volume of Said diaphragm, 
automaticallyactuated meansfor controllingsaid 
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restricted passage,and means responsive to? 
changes in temperature of the atmosphere for 
automaticaly actuating Said controlling means 
to produce a compensating efect on Said indi 
cating means in accordance with said changes 
in temperature so that saidindicating means will 
give true indications irrespective of said changes 
in temperature. - - 

18. 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 yielding wall 
tends to become equalto a changing atmospheric 
pressure due to changes.in altitude,indicating 
means actuated by s&id yielding wall in accord 
ance with the rate of change of altItude,auto 
maticaly actuated valve mear3 for controling 
said restricted passage,and means responsive to 
changes in temperature for automatically 8ctu 

efect on said indicating means. - 
atingsaidvalve meanstoproduceacompensating, 
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