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The present invention relates to lift sensors and, more 
particularly, to a lift sensor having a high Speed of re 
sponse and high gain. 

It is an object of the present invention to provide a lift 
sensor including an air foil having sensing ports located 
above and below the centerline of the foil and a range 
of locations between two percent and twenty percent of 
the chord of the foil and employing a pure fluid ampli 
fier directly in the sensor to increase the signal response 
of the system. 

It is another object of the present invention to provide 
a lift sensor employing an air foil having ports disposed 
above and below the centerline of the foil and a range of 
locations between two percent and twenty percent of the 
chord length, wherein sensing is effected by varying the 
apparent impedance to outflow of fluid through the ports 
as a result of variations of pressure of the ambient fluid 
at the ports with angle of attack of the foil. 

It is yet another object of the present invention to em 
ploy a fluid power amplifier in a foil utilized as a lift 
sensor and to apply differential pressure signals provided 
by the sensor directly to the power amplifier so as to in 
crease the pressure and rate of flow of fluid provided by 
the Sensor so as to reduce the integrating effect of long 
tubes connecting the sensor to the utilization instruments 
and to increase speed of response as a result of increased 
rate of flow of fluid in the system. 

It is another object of the present invention to provide 
a lift sensing mechanism employing an air foil having 
differential pressure ports located above and below the 
centerline of the foil which foil is selected such that a 
relatively linear response is provided between the angle 
of attack and differential pressure sensed at the ports. 
The above and still further objects, features and ad 

vantages of the present invention will become apparent 
upon consideration of the following detailed description 
of several specific embodiments thereof, especially when 
taken in conjunction with the accompanying drawings, 
wherein: 
FIGURE 1 is a view in elevation of the lift sensor of 

the present invention; 
FIGURE 2 is a graph illustrating performance charac 

teristics of the foil of FIGURE 1; 
FIGURE 3 illustrates a modification of the port ar 

rangement of the sensor of FIGURE 1; and 
FIGURE 4 is a further modification of the port arrange 

ment of the sensor of FIGURE 1. 
Referring now specifically to FIGURE 1 of the ac 

companying drawings, there is illustrated a foil 10 having 
incorporated therein a lift sensor generally designated by 
the reference numeral 1. The lift sensor 11 comprises a 
pair of ports 2 and 13 located above and below, respec 
tively, the chord line A-A of the foil 10. As previously 
indicated, it is desired that fluid exit through the ports 
12 and 3 rather than be permitted to ingress therethrough. 
The reason for this is that, by causing the fluid to exit 
through the ports, dirt and other foreign material cannot 
enter the apparatus and, in consequence, cannot alter its 
operating characteristics Or, in the extreme, render the 
system inoperative. Preventing induction of dirt is im 
portant not only in the case of an air system but is of 
considerable importance in sensing lift in a hydrofoil sys 
tem where the sensor is, of necessity, under water. 
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2 
Fluid which is caused to egress through the ports 12 and 

13 is derived from a source of pressure 14 which is piped 
to a nozzle 16 through pipes 17. Fluid received by the 
nozzle 16 is directed into a cross passage 18 and through 
metering orifices 19 and 2i to further passages 22 and 
23, respectively. The passages 22 and 23 communicate 
with ports 12 and 13 through fluid impedances 24 and 26, 
respectively. The fluid impedances or resistors 24 and 26 
limit in a predetermined manner the flow of fluid from 
the passages 22 and 23 and establish a bias level or mini 
mum pressure for the pressure therein for the case where 
ports 12 and 13 are exposed to their minimum external 
pressures. The other ends of the passages 22 and 23 are 
also partially restricted, so as to expedite the maintenance 
of the desired pressure therein, by means of nozzles 27 
and 28 of a pure fluid amplifier 29 to be described in 
detail Subsequently. 
As a result of the restriction of all ends of the tubes 

22 and 23, a predetermined pressure may be established 
in the passages 22 and 23 which can be varied in the 
present System only by varying the external pressure at the 
ports 12 and 13. For instance, if the foil 10 is stationary 
and there is substantially no external dynamic pressure 
at the ports 2 and 13, a predetermined flow rate from 
these ports is established by the external static pressure 
and predetermined and equal pressures are established 
in passages 22 and 23. However, if the foil is caused to 
move through the fluid, the external pressure at the ports 
12 and 13 is changed, resulting in a change of flow from 
the ports and therefore, a change of pressure in the pas 
Sages 22 and 23. As the angle of attack of the foil is varied, 
the external pressures at the ports 12 and 13 vary differ 
entially so that the flow of fluid from one of the ports is 
different from flow from the other of the ports. In conse 
quence, the pressures existing in input passages 22 and 
23 are different and, as will be described in detail sub 
Sequently, the difference in pressures is a function of the 
lift of the system. 

Referring now to fluid amplifier 29, the amplifier in 
cludes a power nozzle 30 for issuing a stream of fluid 
towards a plurality of output channels 31, 32 and 33. 
The fluid under pressure is supplied to the nozzle 30 from 
the Source 4 via the tubes or pipes 17 and a further tube 
34. The fluid issued by nozzle 30 is proportioned between 
the output passages 31, 32 and 33 as determined by the 
differential pressure existing between the tubes 22 and 23. 
If there is no differential in pressure across the stream, the 
majority of the fluid flows to the tube 32 from which it 
may be returned to the source 14 or be dumped into the 
ambient fluid. A small but equal quantity of the fluid enters 
the passages 31 and 33 and is directed to a utilization de 
vice 34. The utilization device may be an auto-pilot, a lift 
indicator or any instrument which may utilize the lift information. 
Upon the development of different pressures in the pas 

sages 22 and 23, the quantities of fluid issued by the noz 
zles 27 and 28 vary and the direction of the stream issued 
by the nozzle 30 is changed. For instance, if a positive 
angle of attack is increased which, short of stall, will pro 
duce an increase in lift, the pressure in the passage 23 
rises above that in passage 22, the stream issued by the 
nozzle 30 is deflected upwardly, as viewed in FIGURE 1, 
and a greater proportion of the fluid enters the outlet 
passage 3 than enters the outlet passage 33. This con 
dition is sensed by the utilization device as an indication 
of an increase in lift. 
The apparatus measures lift rather than just angle of 

attack since the difference of external back pressure at 
the ports 12 and 13 is a function not only of the angle 
of attack but also of the free-stream dynamic pressure. 
Since the free-stream dynamic pressure is (for the sub 
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sonic case) a function of the square of the velocity of 
the foil relative to the fluid medium, the differential pres 
sure in the ports 22 and 23 becomes a function of both 
velocity and angle of attack which are the two dominant 
features determining the lift of the foil. 
The ports 12 and 13, although illustrated as a single 

round hole, may constitute a series if small holes, elon 
gated slots, or any other arrangement which is compati 
ble with foil response and low integration effect. 
The difficulty encountered in many lift or angle-of 

attack sensors is the slow response of the system and the 
integration of the fluid signals due, respectively, to low 
rates of fluid flow through the sensing mechanisms and 
the averaging of signal due to the averaging effects of the 
passages connecting the lift sensor to the utilization 
mechanism. The present invention overcomes these diffi 
culties to a great extent by the inclusion of the fast 
response, pure fluid amplifier 29 directly in the foil 10. 
If the amplifier 29 is a power amplifier which therefore 
increases both the pressure and flow rate relative to the 
pressures and flow rates developed by the sensing mechan 
ism. 11, the speed of response of the overall system is in 
creased and the integrating effects of the conduits con 
necting the device to the utilization mechainsm are great 
ly decreased. More particularly, by increasing the pressure 
and flow rate, the fluid signal reaches its destination more 
rapidly and increased speed of response is achieved. The 
reasons for the reduction in integrating effects is not quite 
so obvious. The conduits connecting the output passages 
31 and 33 of the amplifier to the utilization means 34 are 
relatively long in most instances and store a large amount 
of fluid. Because of the storage of the fluid, these devices 
exhibit a certain impedance to fluid flow; that is, fluid re 
sistance, fluid inertance and fluid capacitance resist a 
change in the flow conditions therein. Potential and kine 
tic energy are stored in the conduits. When the fluid signal 
level changes, the stored energy level changes to a new 
value. In establishing this new condition, energy must be 
supplied by the signal source or discharged to the System 
load. An integrating effect results. The integrating effect 
may be materially reduced and the speed of response of 
the system enhanced by increasing the ratio of rate of 
supply of signal energy to desired change of stored energy 
level. The power amplifier 29 is designed, in any given 
system, to provide the desired ratio of signal energy to 
the desired change of stored energy and thus, reduce the 
integrating effect that is normally encountered in these 
systems. 
The selection of the particular airfoil to be employed 

and the location of the ports 12 and 13 are important 
considerations in providing a suitable sensor. It has been 
found that the closer the ports are maintained to the front 
of the foil; that is, the smaller the chord percent loca 
tion of the ports, the greater the sensitivity of the ap 
paratus. On the other hand, the greater the percent of 
chord at which the ports are located, the greater is the 
range of angles of attack over which the device remains 
linear. Referring now specifically to FIGURE 2 of the ac 
companying drawings, AP/q versus angle of attack is 
plotted for the sensor of the present invention for two 
different port locations and compared with two prior-art 
types of angle-of-attack sensors. These curves are plotted 
without taking into account the gain provided by the am 
plifier 29. Curves A and B of FIGURE 2 are for airfoil 
Type NACA63-018. The curve A is for two percent 
chord location while curve B is for a five percent chord 
location on the same type airfoil. 

It will be noted that, at two percent chord, the sensitiv 
ity of foil is quite great and at 9° angle of attack, AP/q 
is 4.0. The gain is substantially linear through 9 but starts 
to fall off rather rapidly as 10° is approached. Curve B in 
dicates the gain of the system with the ports at the five 
percent chord location. It will be noted that the rate of 
fall-off of the gain above an angle of attack of 9 is Small 
er than is the case with the ports at the two percent chord 
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4. 
location. However, the gain of this arrangement is less 
than for the two percent chord location. Thus, depending 
upon the variation in angle of attack over which the ap 
paratus must be operable, the Sensing ports or apertures 
are located nearer or farther away from the leading edge 
of the device; that is, at lesser and greater chord loca 
tions. It has been found that suitable locations of the 
ports lie between two percent and twenty percent of the 
chord of the foil. Above approximately twenty percent, 
the gain of the sensor is relatively low and the response 
becomes non-linear over the operating range of interest. 

For purposes of comparison, curves C and D have been 
added which are for cylindrical and spherical angle of at 
tack sensing devices, respectively, with the ports located 
at --45 of the zero angle of attack stagnation point. It 
will be noted that the sensitivity of the foil-type sensor of 
the present invention is considerably greater than that of . 
the more conventional prior art types even without the 
additional gain provided by amplifier 29. 

Foil-type sensors have been suggested in the past but, 
in all of these, the ports in the foil open into relatively 
large chambers or passages which introduce very slow 
response and severe integrating effects into the system. In 
the present invention, the system is such that the speed 
of response is greatly increased over the aforesaid cham 
ber types and the integrating effect is greatly reduced rela 
tive to those which are connected to utilization apparatus 
by long channels or tubes. 

It is not essential, in accordance with the present inven 
tion, that the ports 12 and 13 be located at precisely the 
same percentge of chord. More particularly, and refer 
ence is made to FIGURE 3, the ports 12 and 13, which 
are designated as 12' and 13' in FIGURE 3, may be 
located at different distances from the centerline A of the 
foil where specific characteristics are to be achieved. It 
may be that a zero pressure differential cannot readily be 
obtained with a particular foil arrangement in specific 
enviroment due to initial location or placement; or it 
may be that zero pressure differences may not be desired 
as an initial condition. By employing asymmetrically 
located ports, a null signal under a specific preselected 
lift condition may be insured or conversely, a specific 
signal at zero angle of attack may be obtained. 
Another port arrangement which may be employed in 

the present invention is illustrated in FIGURE 4. In this 
arrangement, the ports provided in the foil have inserted 
therein flexible diaphragms 36 and 37. The passages 22 
and 23 terminate just short of the flexible diaphragms 36 
and 37 in annular discs 38 and 39, respectively. Flow 
tubes 41 and 42 surround passages 22 and 23 and are 
sealed to the interior of the leading edge of the foil so 
as to encompass the diaphragms 36 and 37. The annular 
discs 38 and 39 extend close to the inner walls of the tubes 
41 and 42, respectively, and define a region between the 
discs and the diaphragms. This region is maintained at 
a pressure that varies as a function of the flexure posi 
tion of the diaphragms relative to the discs. The bleed 
of fluid around the edges of the discs into tubes 41 and 
42 permits the pressure to respond to variations in posi 
tion of the diaphragms. The tubes 41 and 42 may be re 
turned to a desired pressure at some level below the mini 
mum gaging pressure of the system. It is to be understood, 
of course, that the degree of the deflection of the dia 
phragm 36 or 37 is a function of both the internal pres 
sure between the disc and diaphragm internal Surface and 
of the external pressure presented at the diaphragm ex 
ternal surface. This external pressure is in turn a function 
of the angle of attack and velocity of the foil relative 
to the ambient medium. In effect, the deflection of dia 
phragms 36 and 37 control the bleed from the tubes 22 
and 23, thus varying the pressure in the tubes and, in : 
consequence, the differential in pressure supplied to the 
amplifier 29. 
The foil employed herein is illustrated as being Sym 

metrical. The present invention may employ cambered 
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airfoils with good results. The effect of camber is merely 
to reduce the incidence at which a given lift coefficient is 
produced and has little effect upon the overall lift charac 
teristics, such as change of lift with change of angle of at 
tack or change of shape of the lift versus angle-of-attack 
curve. The asymmetrical location of the ports, as suggest 
ed in FIGURE 3, may be employed with a cambered foil 
to obtain a particular zero-lift-versus-angle-of-attack char 
acteristic for the sensor. 
While we have described and illustrated several specific 

embodiments of our invention, it will be clear that varia 
tions of the details of construction which are specifically 
illustrated and described may be resorted to without de 
parting from the true spirit and scope of the invention as 
defined in the appended claims. 
What we claim is: 
1. A system for monitoring lift forces acting on a foil 

wherein all elements forming the system remain station 
ary during operation thereof comprising a body movable 
relative to a fluid medium and receiving forces of lift dur 
ing movement thereof, said body including a leading Sur 
face and a leading edge located at the midpoint of said 
leading surface, first and second pressure sensing ports 
formed in said leading surface positioned between two 
percent and twenty percent of the chord length of said 
member, first and second fluid receiving passages, one end 
of each passage communicating with a different one of 
said pressure sensing ports, means for supplying fluid 
under generally constant pressure to each of said passages 
intermediate the lengths thereof, fluid resistances located 
adjacent both ends of said passages for restricting flow 
therethrough, and means actuated by fluid issuing from 
said other ends of said passages for determining the differ 
ential in pressure between said passages. 

2. The combination according to claim wherein said 
means for supplying fluid supplies fluid at a pressure 
greater than the anticipated maximum total pressure at 
said ports. 

3. A system as claimed in claim 1 wherein said ports 
are asymmetrically positioned relative to said leading Sur 
face. 

4. The system as claimed in claim wherein one of said 
ports is positioned a distance five percent of the chord 
length of said body downstream of said leading edge, the 
other port being positioned a distance ten percent of the 
chord length of said body downstream of said leading 
edge. 

5. A system for sensing and measuring lift comprising 
an airfoil, a pure fluid amplifier of the beam-deflection 
type located in said airfoil, said amplifier including a 
power nozzle for issuing a power stream, first and sec 
ond control nozzles and output means for receiving the 
power stream issuing from said power nozzle, first and 
second fluid-conveying passages, a fluid resistance formed 
adjacent one end of each of said passages, a pair of ports 
formed in the leading edge of the airfoil above and below 
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6 
the chord line, said one end of each of said passages com 
municating with a different one of said ports, the other 
end of each passage connected to said control nozzles of 
said amplifier for supplying fluid pressure signals thereto, 
means for supplying fluid to each of said fluid-conveying 
passages intermediate the ends thereof and fluid-resistance 
means positioned upstream of said passages and down 
Stream of said means for supplying pressure for maintain 
ing a predetermined constant pressure supply to said pas 
SageS. 

6. The system as claimed in claim 5 wherein said means 
for Supplying fluid to said fluid-conveying passages is coul 
pled to said power nozzle of said pure fluid amplifier so 
as to supply power stream fluid thereto. 

7. The combination according to claim 5 further com 
prising flexible, fluid-tight diaphragms covering said ports, 
said one of said passages each terminating adjacent a 
different one of said diaphragms. 

8. The combination according to claim 5 wherein said 
airfoil is a symmetrical foil and said ports are located at 
the two percent chord. 

9. A system for sensing lift forces on a foil comprising 
a foil, a pair of ports formed in said foil adjacent the 
leading edge of and above the below, respectively, the 
chord line of said foil, a pure fluid amplifier having a 
power nozzle, a pair of control nozzles and at least two 
fluid output passages for receiving fluid from said power 
nozzle, and means connecting said control nozzles to re 
ceive fluid signals which vary as a function of the differ 
ential in fluid pressure across said ports in said foil. 

10. The combination according to claim 9 wherein said 
fluid amplifier is a power amplifier whereby signal integra 
tion is reduced. 

11. The combination according to claim 9 wherein said 
fluid amplifier is located internally of said foil. 

12. The combination according to claim 9 further com 
prising flexible, fluid-tight diaphragms covering said ports. 

13. The combination according to claim 12 wherein 
each of said means connecting said control nozzles to re 
ceive fluid signals terminates adjacent a different one of 
said diaphragms. 
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