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E5711 ABSTRACT 
A method and apparatus to measure the thickness of 
liquid 12 on a surface 14 independent of liquid conduc- 
tivity. Two pairs of round, corrosion resistant wires, 18 
and 20, are mounted in an insulating material 16 such 
that the cross-sectional area of each wire is flush with 
and normall to the surface 14. The resistance between 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

ORIGIN OF THE INVENTION Referring to FIG. 1, a cross-sectional view of the 
5 water thickness gauge 10 is shown. The invention in- 

cludes two pairs of round, corrosion resistant wire; one 
pair of smaller diameter wires 18 and one pair of larger 
diameter wires 20, mounted such that the cross-sec- 

The invention described herein was made by an em- 
ployee Of the 
tured and used by Or for the Government for govern- 

Government and may be 

mental P~~ without the payment of tional area of each wire is flush with and normal to the 
thereon or therefor. 

This application is a Continuation-in-Part Ofco-Pend- 
ing application, Ser. No. 890,982, filed July 30, 1986 and 
now abandoned, which is a continuation-in-part of ap- 
plication 6849186, filed Dec. 20, 1984 and now aban- 
doned. 

BACKGROUND OF THE INVENTION 

10 surface 14. Wires 18 and 20 are preferably platinum or 
some other very stable material. Insulating material 16 
serves as a suitable means for holding the two pairs of 
wires 18 and 20 flush with and normal to the surface 14. 
Each pair of wires 18 and 20 is connected within insulat- 

I5 ing material 16 to an AC resistance measuring circuit 22 
and 24. 

A top view of the cross-sectional surface area of the 
two pairs of round, corrosion resistant wire 18 and 20 
exposed to the surface 14 is shown in PIG. 2. The ex- 

to 20 msed CrOSS-SectiOml surface area of each wire is flush 

This invention relates generally to gauges and more 

Previous methods and aDDxatus that can be 
particdarly to water or other liquid thickness gages. 

1 *  

measure water or other liquid thickness include fiber 
optic sensors, acoustic wave sensors and microwave 
sensors. These prior art devices are either limited in 
rangee complex, or expensive. A prior art single resis- 
tance sensor is a simple and inexpensive device for mea- 
suring water thickness. However, its measurements are 
dependent on water conductivity. Consequently, when 
the conductivity of the water varies there is an error in 
the measurements. This makes the single resistance 
sensor unsuitable for many applications. 

It is therefore an object of this invention to modify 
the water thickness measurements made by single resis- 
tance sensors such that the measurements are not depen- 
dent on water conductivity. 

Another object of this invention is to provide a sim- 
ple, inexpensive method and apparatus for measuring 
the thickness of a liquid on a surface that is independent 
of the liquid conductivity. 

Other objects and advantages of this invention will 
become apparent hereinafter in the specification and 
drawings. 

SUMMARY OF THFi INVENTION 

The present invention involves a method and device 
for measuring the thickness of water on a surface inde- 
pendent of water conductivity. Two pairs of different 
diameter wire are mounted in an insulating material 
such that the cross-sectional area of each wire is flush 
with and normal to the surface. The effect of change in 
resistance between each pair of wires is measured using 
two AC resistance measuring circuits wherein the ratio 
of the measured voltages produced is indicative of the 
thickness of water on the surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a block diagram of the invention; 
FIG. 2 is a top view of a portion of the surface show- 

ing the exposed surface area of each pair of round, 
corrosion resistant wires; 

FIG. 3 is a block diagram of an AC resistance mea- 
suring circuit suitable for use as the resistance measur- 
ing circuits in FIG. 1; and 

FIG. 4 is an experimentally derived calibration curve 
showing the relationships between the voltages indi- 
cated by the resistance measuring circuit and the thick- 
ness of the water on the surface. 

kith and normal to the surface 14 such that water only 
touches the exposed portion of each corrosion resistant 
wire. In a particular embodiment of the invention, the 
wires 18 have diameters of 0.001 inch, wires 20 have 

25 diameters of 0.020 inch, dimension A is Q-inch and di- 
mension B is ?pinch. 

The pair of wires 18 is connected to a resistance mea- 
suring circuit 22 and the pair of wires 20 is connected to 
a resistance measuring circuit 24. The outputs of resis- 

30 tance measuring circuits 22 and 24 are connected to a 
divider 26 which divides Ehe output of circuit 24 by the 
output of circuit 22. The output of divider 26 is multi- 
plied by a constant by means of a constant multiplier 28. 
The computing elements 26 and 28 can be either analog 

35 or digital in which case divider 26 must include two 
analog-to-digital converters. Also, the computing speci- 
fied in blocks 26 and 28 can be done by hand without 
departing from the invention. 

An AC resistance measuring circuit (AC is used to 
40 prevent electrolysis or polarization) suitable for use as 

each of the resistance measuring circuits 22 and 24 is 
shown in FIG. 3. An AC signal generator 30 applies an 
AC signal to a resistance network consisting of resistors 
32 and 36. Either wire pairs 18 or 20 are connected to 

45 terminals 38 and 40 which are connected across resistor 
32. The output of voltage across resistor 36 of the resis- 
tance network is amplified by a differential amplifier 42 
and then passed through an AC to DC converter 34 
then low pass filter 44 to give a smoothed DC output. 

50 The V, connected to the negative input of differential 
amplifier is an offset voltage that is equal to the output 
of resistor 36 of the circuit when surface 14 is dry. The 
Vo can be supplied by a variable voltage that is vaned 
until the output of low pass filter 44 is zero while the 

55 surface 14 is dry and then the voltage Vo remains con- 
stant while the measurements are being made. 

In describing the operation of the resistance measur- 
ing circuit in FIG. 3 when it is connected to one of the 
wire pairs, it will fust be assumed that the surface 14 is 

60 dry. Hence, the resistance between terminals 38 and 40 
is the resistance of resistor 32: with a dry surface 14 the 
resistance between the wire pair ends across the surface 
is essentially infinite. For this condition the output of 
low pass filter is zero because of the offset V,. With 

65 water on the surface 14, there will be a finite resistance 
between wire pair ends across the surface thereby re- 
ducing the resistance between terminals 38 and 40. The 
change in resistance will cause a change in the output of 
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-continued low pass filter 44. This output will be referred to as 
(V-V,). When the depth of the water 12 on surface 14 
becomes thick relative to the diameter of the wire pair 
the output will become essentially constant with in- 

therefore 

1 - creased thickness. This output will be referred to as 
WrVo). 
' The measurement of resistance in water is actually a 
measure of cument, due to ion migration, for a aven Now assume that operation is in the normal operating 
volhgeo I [ ~  is known that for ~ liquid fdms, the elec- range. That is, the thickness of the water is greater t h a ~  
tric cment, on the voltage output of the gauges, de- 10 dn a-d less than approximately 0.7 &. Then for the 
pends on gauge geometry (diameter) and the conductiv- 
ity of the liquid. See J. Mikielwitz et d., Generalked 

h 4 [ (  V- Vo)/(Vr Vo)lz (3) Characteristics of Electrical Conductance Film TEickness 
Gauges, National Science Foundation, December 1974. 

The ion ~ g r a t i o n  is l e t e d  either by the weeeed apes 15 because operation is in the linear portion of the calibra- 
of the wire, Or by the water thichess (if it is small tion curve. This relation has been shown experimentally 
compared tQ the wire diameter). Specifically, if the wire (see FIG. 5 and discussion above). Using equations (2) 
diameter is small with respect to the thickness of the and (3) 
water, ion migration is limited by the wire diameter. 

the thickness of the water, ion migration is limited by 
the thickness of the water. This is due to the fact that 
ion migration between the wires takes place through a 
cross-section ofliquid surrounding the wires. The cross- 
sectional area of the path is the cross-sectional area sf 25 
the wire if the wire diameter is small with respect to the 
thickness of the water. However, the cross-sedonal 
area of the path h proportiond to the thickness of the 
water if the wire diameter is large with respect to the 

not act as a bulk resistor affecting both wire pairs 18 and 
20 equallylly, but instead limits the ion migration between 
the larger diameter wire pair 20 while the ion migration 
between the smaller diameter wire pair 18 is limited by 
the wire diameter. This accounts for the difference 
between resistance measuring circuits 22 and 24 for the 
same water thickness. Referring to FIG. 4, the experi- 
m e n d y  determined calibration curve $6 for a single 
pair of wires is shown as a plot of (V-I!,) divided by 4o multiplier 28. 
(VrI!,) versus water thickness, h. The linear poheion 
of curve 46 h extended with a dotted line to the (V- 
Vo)/(V~Vo)= 1 h e o  The resulting intercept 50 is a water 
thickness approximately equal to the diameter d of the 

ter of 5/64 of an inch. It is clear that the thickness of the 
liquid is equal to the product of the diameter ofthe wire 
and the ratio of (V-Vo)/(VrV,) for the linear portion 
4& which corresponds to a water thickness less than the 

E. C. Hasthgs, Jr. and E. Weinstein$ Preliminary Indica- 
tiom of Water Film Distribution and Thickness on an 
Aigod in a Water Spray, NASA Technical Memoran- 
dum 85796, Jdy, 1984. 

5 1 
C(vr - v o ) ~  - (vr - v o ) ~  ' 

wires 

However, if the wire diameter is large with respect to 2o (4) 

Since the sensor wires 18 are operahg where 

(v-VoM~rvoh=& ( 5 )  

We ham 

thickness of the water. Thus, the water thickness does 30 (v-Voh4VrVoh. (6) 

equations (4) and (@ 

(7) 35 

The constant ratio d2/C used to scale the output of 

For the AC resistance measuring circuit 22 and 24 
shown in FIG. 3: 

(8) 
wireo The wire pair used in this experiment had a diame- 45 R36 

1 v = vs 

resulb of this experiment are reported in 50 where Vs is the W S  supply, Rw is the resistance of the 
water, R32 is the resistance measured across resister 32, 
and R3a is the resistance measured resistor 36. 

N S O ,  

h the operation of the embodiment of the invention 55 
shown in FIG. 1, good results are obtained when the (9) 

vo = "[ R 3 r T R 3 2  ] thickness of the water 12 is greater than the diameter d~ 
of wires 18 and less than approximately 0.7 of the d im-  
eter (92 of wires 28. For water thickness down to approx- 
imately 0.9 Sal, good results can stdl be obtained by 
comecthg results with the calibration curve and the 
ratio will% be unchanged. First, a measurement is made at 
the output of divider 26 when the water thickness 1% is 
greater than dZ to obtain a constant C. C is a circuit 
constant detemined by the voltage used and the type of 65 

equations (8) and (919 we have 

W36 + R32 
- R36 - vo) = vs [&+  ~ 1 

L+L) resiseors used for resistors 32 and 36. Hence, R32 Rur 
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providing a second pair of wires having a diameter 
d2 which is greater than dl; 

mounting said first and second pairs of wires flush 
with and normal to said surface which is dry: 

connecting said first pair of wires to a first AC 
resistance measuring circuit which is supplied 
with a voltage and produces a voltage output: 

connecting said second pair of wires to a second 
AC resistance measuring circuit which is sup- 
plied with a voltage and produces a voltage 
output; 

obtaining an offset voltage for said first circuit by 
varying another voltage supplied to said first 
circuit until said output voltage of said first cir- 
cuit is zero in the absence of water; 

obtaining an offset voltage for said second circuit 
by varying another voltage supplied to said sec- 
ond circuit until said output voltage of said sec- 
ond circuit is zero in the absence of water; 

providing said liquid having a thickness greater 
than dz on said surface; 

(11) 

5 

(12) 10 

(13) 15 

(1'9 2o 

Equation (7) gives the relationship of water thickness h 
to the ratio of (V-V0)2 and (V-V,)l. Now assume the 
conductivity of layer 12 is changing. According to 
equation (14), (V-V,) is inversely proportional to the 25 
conductivity of the water. Thus, if the conductivity of 

obtaining the voltage output of each of said firsf 

obtaining a circuit constant C from the following 
and second circuits; 

equation: 

the water changes, then the ratio of (V-V,)z/(V-V,)l of 
equation (7) will be unchanged since both (V-V0)2 and 

(Vr - Voh 
(Vr - Vd1 C =  

(V-Vo)l, will reflect the change of conductivity. This 
change can be assumed to be the same for both measure- 30 
ments since the two pairs of wire are close to each other 
on surface 14. Hence, equation (7) results in a measure- 
ment of water thickness only. (V-Vo)l does not change 
with changing water thickness h because h is in the 
region above d which is essentially constant (see FIG. 4 35 
and discussion above). However, (V - V,)l does change 
with changing conductivity and (V-VO)~ changes with 
both. Thus, the ratio changes only with changing water 
thickness. prises: 

An alternate embodiment of the present invention 
might use several pairs of wires with a wide range of 
sizes to provide measurement capability over a range of 
thicknesses. 

ow. It is especially useful as a water thickness gauge 
operating independently of water conductivity which 
can vary greatly. Additionally, the invention accurately 
measures the thickness of water on the outside of an 
airplane in a simple and inexpensive manner. A linear 50 
relationship between output voltage and thickness is 
developed during the calibration process thereby mak- 
ing voltage indicative of water thickness. 

The above description and drawings are only illustra- 
tive of a preferred e d m k e n t  which achieves the 55 
objects, features, and advantages of the present inven- 
tion, and it is not intended that the present invention be 
limited thereto. Any modifications that come within the 
spirit and scope of the following claims are considered 
part of the present invention. 60 greater than dl; 

What is claimed as new and desired to be secured by 
Letters Patent of the United States is: 

1. A method for measuring the thickness h of a de- 
sired liquid on a surface independent of the liquid con- 
ductivity comprising: 65 voltage output: 

(a) a preliminary, once-performed operation which 
comprises: 
providing a first pair of wires having a diameter dl; 

where vtl and vt2 are the respective voltage out- 
puts of said first and second circuits when said 
liquid of thickness greater than dz is on said sur- 
face, and Yo1 and voz are the respective offset 
voltages of said first and second circuits when 
said surface was dry: 

which said preliminary operation is followed by: 
(b) an operation for determining the thickness h of 

said liquid as many times as desired which com- 

allowing said surface to be covered by said liquid 
having a thickness h greater than dl and less that 
0.7 d2; 

obtaining the voltage output of each of said first 
and second circuits; 

calculating the thickness of the liquid on said sur- 
face from the following equation: 

The advantages of the present invention are numer- 45 

d-2 w - Voh 
h=- c 01 - V0)l 

where h is the thickness of the liquid and Vi and 
Vz are the respective voltage outputs of said first 
and second circuits. 

2. A device for measuring the thickness h of a desired 
liquid on a surface independent of the liquid conductiv- 
ity comprising: 

a first pair of wires having a diameter dl; 
a second pair of wires having a diameter dZ which is 

said first and second pairs of wires being mounted 
flush with and normal to said surface which is dry; 

a first AC resistance measuring circuit to which said 
first pair of wires is connected which produces a 

a second AC resistance measuring circuit to which 
said second pair of wires is connected which pro- 
duces a voltage output; 
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a means for obtaining an offset voltage for said first 
circuit by varying another voltage supplied to said 
first circuit until said output voltage of said first 
circuit is zero; 

a means for obtaining an offset voltage for said f is t  5 
circuit by varying another voltage supplied to said 
second circuit until said output voltage of said fist  
circuit is zero; 

a means for obtaining the voltage output of each of 
said first and second circuits; 

a means for calculating a circuit constant C from the 
following equation: 

10 

where J’tl and vt2 are the respective voltage outputs 

8 
and “02 are the respective offset voltages of said 
first and second circuits when said surface was dry; 

said surface being covered by said liquid, wherein 
said liquid has a thickness greater than dl and less 
that 0.7 d2; 

a means for calculating the thickness h of the liquid 
on said surface from the following equation: 

where h is the thickness of the liquid and VI and 
Vz are the respective voltage outputs of said first 
and second circuits when said liquid on said surface 
has a thickness greater than dn and less than 0.7 d2. 

3. The device of claim 2 wherein both wire pairs are 
of said first and second circuits when said liquid on composed of pliatinum. 
said surface has a thickness greater than dz and voi * + * a *  
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