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(57) ABSTRACT 
An apparatus for determining the viscosity of a ?uid in a 
container (such as a pipe). The apparatus comprises a 
mechanism for transmitting a signal into a ?uid in a con 
tainer. The transmitting mechanism contacts the container 
and provides the signal to the ?uid in the container. The 
apparatus comprises a mechanism for receiving the signal 
after the signal has passed through the ?uid. The receiving 
mechanism contacts the container and receives the signal 
from the ?uid in the container. The apparatus comprises a 
mechanism for determining the ?uid in the container from 
the signal after the signal has passed through the ?uid and 
determining the ?uid viscosity from the amplitude and 
sound velocity. The determining mechanism is connected to 
the receiving mechanism. The method comprises the steps of 
transmitting a signal into ?uid. Then there is the step of 
receiving the signal after it has passed through the ?uid. 
Next there is the step of determining the attenuation of the 
signal as the signal has passed through the ?uid. Then there 
is the step of ?nding the viscosity of the ?uid in the container 
from the attenuation of the signal and transit time. 
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METHOD AND APPARATUS FOR DETERMINING 
THE VISCOSITY OF A FLUID IN A CONTAINER 

FIELD OF THE INVENTION 

[0001] The present invention is related to the measurement 
of ?uid viscosity in a container, such as a drum, tank or pipe. 
More speci?cally, the present invention is related to the 
determination of the viscosity of a ?uid in a container by 
determining the attenuation of an acoustic signal traveling 
through the ?uid and the speed of sound of the ?uid. The 
?uid may be at rest or in motion. 

BACKGROUND OF THE INVENTION 

[0002] In petroleum and other pipelines, there exists a 
need to measure certain properties of the ?uid, Which 
generally is ?oWing. 

[0003] In particular, a measurement of viscosity (either 
absolute or kinematic) is needed to: 

[0004] (a) differentiate ?uids, 

[0005] (b) detect the interface betWeen tWo different 
?uids, 

[0006] (c) characteriZe pressure gradients in a pipe 
line for purposes of leak detection and locations, 

[0007] (d) determine When a change or interface 
betWeen ?uids occur, and 

[0008] (e) determine the required amount of dilution 
agent to meet the maximum viscosity limit set by the 
pumping poWer and pressure rating of the pipeline. 

[0009] Currently available means for these measurements 
are complex, expensive and sometimes unreliable. For 
example, viscous forces are sometimes measured by vibra 
tory systems. For these means and most others, a bypass line 
is necessary to direct a fraction of the ?oWing ?uid to the 
means of measurement. The bypass can become obstructed 
With Waxes or other elements carried by the ?oWing ?uid. In 
addition, the moving parts of such measurement means can 
create maintenance and calibration problems. Many pipeline 
operators take grab samples of the ?oWing ?uid to determine 
density and viscosity, because the accuracy and reliability of 
the on-line means do not meet their requirements. The 
expense of the sampling procedure is obvious. In addition, 
the procedure deprives the pipeline operator of the ability to 
monitor and control the properties continuously and in real 
time. 

SUMMARY OF THE INVENTION 

[0010] The present invention pertains to an apparatus for 
measuring the viscosity of a ?uid in a container, such as a 
pipe. The apparatus comprises a mechanism for transmitting 
an acoustic signal through the ?uid in a container. The 
transmitting mechanism provides the signal to the ?uid in 
the container. The apparatus comprises a mechanism for 
receiving the signal after the signal has passed through the 
?uid. The receiving mechanism receives the signal from the 
?uid in the container. The apparatus comprises a mechanism 
for determining the ?uid viscosity in the container from the 
signal after the signal has passed through the ?uid. The 
determining mechanism is connected to the receiving 
mechanism. 
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[0011] The present invention pertains to a method for 
measuring the viscosity of a ?uid in a container, such as a 
pipe. The method comprises the steps of transmitting a 
signal into ?uid. Then there is the step of receiving the signal 
after it has passed through the ?uid. Next there is the step of 
determining the attenuation of the signal after the signal has 
passed through the ?uid. Then there is the step of ?nding the 
viscosity of the ?uid in the pipe from the attenuation of the 
signal and its transit time, the latter being a measure of sound 
velocity in the ?uid. 

[0012] The mechanism may use transducers af?xed to the 
outside of the container, such as a pipe, (i.e., external 
transducer) or transducers penetrating the container (i.e., 
Wetted transducer). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] In the accompanying draWings, the preferred 
embodiment of the invention and preferred methods of 
practicing the invention are illustrated in Which: 

[0014] FIGS. 1a and 1b are schematic representations of 
side and axial vieWs, respectively, of transducers placed on 
a pipe. 

[0015] FIGS. 2a and 2b are schematic representations of 
the acoustic path With external transducers and Wetted 
transducers, respectively. 
[0016] FIG. 3 is a representation of time delay and signal 
attenuation of a typical oscillograph regarding the present 
invention. 

[0017] FIG. 4 is a schematic representation of the present 
invention. 

[0018] FIG. 5 is a schematic representation of an alterna 
tive embodiment of the present invention. 

[0019] FIG. 6 is a graph of ASPREAD verses Cf. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0020] Referring noW to the draWings Wherein like refer 
ence numerals refer to similar or identical parts throughout 
the several vieWs, and more speci?cally to FIG. 4 thereof, 
there is shoWn an apparatus 10 for measuring the viscosity 
of a ?uid in a container 12, such as a pipe. The apparatus 10 
comprises a mechanism 14 for transmitting a signal into a 
?uid in a container 12. The transmitting mechanism 14 is 
adapted to contact the container 12 and provide the signal to 
the ?uid in the container 12. The apparatus 10 comprises a 
mechanism 16 for receiving the signal after the signal has 
passed through the ?uid. The receiving mechanism 16 
contacts the container 12 and receives the signal from the 
?uid in the container 12. The apparatus 10 comprises a 
mechanism 15 for determining the viscosity of the ?uid in 
the container 12 from the signal after the signal has passed 
through the ?uid. The determining mechanism 15 is con 
nected to the receiving mechanism 16. The determining 
mechanism 15 is connected to the receiving mechanism 16 
and transmitting mechanism 14. 

[0021] Preferably, the transmitting mechanism 14 and the 
receiving mechanism 16 are disposed on the external surface 
18 of the pipe 12 and the signal passes from the transmitting 
mechanism 14 through the pipe Wall 20, through the ?uid in 



US 2001/0039830 Al 

the pipe 12 and through the pipe Wall 20 to the receiving 
mechanism 16. Preferably, the transmitting mechanism 14 
and the receiving mechanism 16 contact the Wall of pipe 12 
or penetrates pipe 12 so the signal from the transmitting 
mechanism 14 follows a path 22 (either diametric or diago 
nal) through the pipe 12 to the receiving mechanism 16. The 
transmitting mechanism 14 and the receiving mechanism 16 
are preferably disposed on the pipe 12 opposite each other 
so the signal from the transmitting mechanism 14 folloWs a 
path 22 to the receiving mechanism 16. Preferably, the ?uid 
is a liquid and the transmitting mechanism 14 includes a ?rst 
transducer 24 Which produces an acoustic signal and the 
receiving mechanism 16 includes a second transducer 26 
Which receives the acoustic signal from the ?rst transducer 
24. The acoustic signal produced by the ?rst transducer 24 
preferably passes through the pipe Wall 20 into the liquid in 
the pipe 12 and through the pipe Wall 20 to the second 
transducer 26. 

[0022] The transmitting mechanism 14 preferably 
includes a transmitter 28 Which applies a ?rst voltage signal 
to the ?rst transducer 24 causing the ?rst transducer 24 to 
produce the acoustic signal having frequency f. The trans 
mitter 28 is connected to the ?rst transducer 24. The 
transmitting mechanism 14 preferably includes a ?rst volt 
age measuring mechanism 30 connected to the transmitter 
28 Which measures the voltage applied to the ?rst transducer 
24 from the transmitter 28, and records the time at Which the 
voltage Was applied. 

[0023] The receiving mechanism 16 preferably includes a 
receiver 34 connected to the second transducer 26. The 
second transducer 26 converts the acoustic signal to a 
second voltage signal. The receiver 34 ampli?es the second 
voltage signal from the second transducer 26. The receiving 
mechanism 16 preferably includes a second voltage mea 
suring mechanism 32 connected to the receiver 34 Which 
measures the voltage of the second voltage signal and 
records the time at Which the voltage Was received. 

[0024] The determining mechanism 15 preferably 
includes a processor mechanism 36 Which is connected to 
the ?rst and second voltage measuring mechanisms 30, 32 
and determines the ?uid viscosity in the pipe 12 as a function 
of the voltage and transit time (time betWeen transmit 
recorded by 30 and receive recorded by 34) measured by the 
?rst and second voltage measuring mechanism 30, 32. 
Preferably, the determining mechanism 15 includes a timing 
mechanism 32 for measuring transit time of the ultrasonic 
signal passing through a knoWn distance in the liquid and 
Wherein the processor mechanism 36 determines the liquid 
sound velocity. Preferably, the processor determines the 
viscosity as a function of the attenuation of the acoustic 
signal produced by the ?rst transducer 24 and received by 
the second transducer 26 as it passes through a knoWn 
distance in the liquid and the velocity of sound of the liquid 
Which is determined from the transit time. Preferably, the 
processor determines the viscosity at the time and conditions 
When the acoustic signal passes through the liquid from the 
attenuation of the acoustic signal and the velocity of sound 
of the ?uid at the time and the pipe 12. Preferably, the 
acoustic signal produced by the ?rst transducer 24 and 
received by the second transducer 26 is an ultrasonic signal. 

[0025] In an alternative embodiment (FIG. 5), the trans 
mitting mechanism 14 preferably includes a transducer 24 
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Which produces an ultrasonic signal Which is sent into the 
liquid. The transmitting mechanism 14 preferably includes a 
transmitter 28 Which applies a voltage signal to the trans 
ducer 24. The transmitting mechanism 14 preferably 
includes a voltage measuring mechanism 30 Which measures 
the voltage applied and records the transmit time. The 
transmitting mechanism 14 includes a multiplexer 40 con 
nected to the transmitter 28 and the transducer 24 that 
sWitches the ?rst La voltage signal to the transducer 24. 

[0026] Preferably, the multiplexer 40 is used to time share 
the transducer 24 betWeen the transmitting mechanism 14 
and the receiving mechanism 16. When connected to the 
receiving mechanism 16, the transducer 24 converts 
received ultrasonic signals it receives from the ?uid after the 
ultrasonic signals have been re?ected Within the pipe 12 into 
voltage signals. There is also a receiver 34 Which receives 
and ampli?es the voltage signals. The receiver 34 is con 
nected to the multiplexer 40. The multiplexer 40 sWitches 
the later voltage signals from the transducer 24 to the 
receiver 34. 

[0027] The receiving mechanism 16 preferably includes a 
second voltage measuring mechanism 32 connected to the 
receiver 34 Which measures the voltage of the later voltage 
signal and records When the voltage Was received. Prefer 
ably, the determining mechanism 15 includes a processor 
mechanism 36 Which is connected to the ?rst and second 
voltage measuring mechanisms 30, 32 and determines the 
?uid viscosity in the pipe 12 as a function of the voltages 
measured by the ?rst and second voltage measuring mecha 
nisms 30 and 32 and the transit time betWeen the transmit 
signal recorded by 30 and the received signal recorded by 
32. 

[0028] In general, an acoustic path (See FIGS. 2a and 2b) 
Will be comprised of a number of interfaces, attenuating 
media and re?ections as folloWs: 

[0029] (1) Transducer 1/acoustic housing 24 interface 
(FIGS. 2a and 2b). 

[0030] (2) Transducer housing 24 attenuation (FIGS. 2a 
and 2b). 

[0031] (3) Transducer Housing 24/container Wall 20 
interface (for external transducers) (FIG. 2a). 

[0032] (4) Container Wall 20 attenuation (for external 
transducers) (FIG. 2a). 

[0033] (5) Container Wall 20/?uid 15 interface (for 
external transducers) (FIG. 2a) and the housing 24 to 
?uid 15 interface (for Wetted transducers) (FIG. 2b). 

[0034] (6) Fluid attenuation (FIGS. 2a and 2b). 

[0035] The attenuation Will depend on the ?uid viscosity, 
the acoustic path length, and the ultrasound frequency, 
among other factors. 

[0036] (7) Container Wall 20 Re?ections (as applicable) 

[0037] (8) Fluid 15/container Wall 20 interface (for 
external transducers (FIG. 2a) and the ?uid 15/housing 
20 interface (for Wetted transducers) (FIG. 2b). 

[0038] (9) Container Wall 20 attenuation (for external 
transducers) (FIG. 2a). 
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[0039] (10) Container Wall 20/transducer housing 26 
interface (for external transducers) (FIG. 2a). 

[0040] (11) Transducer Housing 26 attenuation (FIGS. 
2a and 2b). 

[0041] (12) Transducer Housing 26/transducer 2 inter 
face (FIGS. 2a and 2b). 

[0042] As it makes its Way from the electrical transmitter 
to the electronic receiver, the transmitted energy Will be 
attenuated electrically as Well as acoustically. The electrical 
cable, the electrical/acoustic transduction properties of the 
transmitting and receiving transducers, and the voltage 
ampli?cation characteristics of the electronic receiver con 
tribute to the determination of the net magnitude of the 
signal as measured at the electronic receiver output. There 
are also potential sources of attenuation due to non-ideal 
coupling at interfaces (1), (3), (10), and (12). 

[0043] The apparatus 10 (FIGS. 4 and 5) preferably rely 
on the physical principles described next. 

[0044] The acoustic transducer is reciprocal. When 
excited With voltage pulses, the transducer produces pres 
sure Waves, and When subjected to pressure Waves produce 
a voltage. The pressure go propagates from the transmitting 
transducer through each of the media to the receiving 
transducers. The apparatus 10 makes use of re?ected acous 
tic energy as Well as transmitted acoustic energy. 

[0045] 1. Non-Fluid Attenuation AEXT. 

[0046] The attenuation Which result from a number of 
sources Which are not dependent of the ?uid contained in the 
pipe is referred to as AEXT (decibels). Included in these are 
the e?iciency of conversion of electrical energy to ultrasonic 
energy and ultrasonic energy to electrical energy by the 
transmitting and receiving transducers, the e?iciency of the 
coupling from the transducer to the pipe Wall and pipe Wall 
to transducer, the gain of the receiver, etc. All of these 
sources of attenuation are typically combined. 

[0047] 2. Transmitted Energy at a Media Interface. ATRANS 
and AREF. 

[0048] When acoustic energy encounters an interface 
betWeen tWo media of differing densities and ultrasound 
transmission velocities, the (acoustic energy) of the trans 
mitted Wave is attenuated (decibels) according to the fol 
loWing equation: 

(Equation A) 

[0049] Likewise, the acoustic energy is attenuated (deci 
bels) as folloWs: 

(Equation B) C — c 

AREF : zoqogvij 

[0050] Where: 

[0051] pi=density of medium i 

Nov. 15, 2001 

[0052] Ci=propagation velocity of the ultrasound in 
mediumi 

[0053] 1=subscript for the incident medium 

[0054] 2=subscript for the refracting medium 

[0055] ATRANS=N Attenuation in dB for energy 
transmitting through a medium interface 

[0056] AREF=Attenuation in dB for energy re?ected 
at a medium interface 

[0057] 3. Fluid Acoustic Absorption AVIS. 

[0058] As ultrasonic energy travels through a viscous ?uid 
some of the energy is dissipated in losses the magnitude of 
Which is related to the viscosity, the density, and the propa 
gation velocity and frequency of the ultrasound. These 
losses are characteriZed by an attenuation constant given by 
a relationship of the folloWing form: 

[0059] Where: 

[0060] a=the attenuation constant in inverse length 

[0061] W=a ngular frequency (radians/second) 

[0062] C=propagation velocity of ultrasound (in/s) 

[0063] n=absolute shear viscosity poise) 

[0064] 11B=absolute bulk viscosity poise) 
[0065] p=mass density of the ?uid (gm/cm3) 

[0066] a,b=constants relating shear and bulk viscos 
ity, determined by the molecular structure of the 
?uid. Theoretically, oil products have a=4/3 and b=1. 

B . . . 

KV : la + b”—| : viscosity correction factor 
'1 

[0067] The attenuation of the acoustic energy in the vis 
cous ?uid is related exponentially to the attenuation coeffi 
cient and the distance the acoustic energy travels through the 
?uid. For an acoustic Wave traveling across a pipe, the 
acoustic energy reaching the far Wall is given by: 

(Equation C) 
Am = -35.43 L 

[0068] Where: 

[0069] 
[0070] L=path length 

AVIS=attenuation due to viscosity losses (dB) 

[0071] The viscosity correction factor is in general 
unknoWn and ideally is determined for all ?uids that might 
be expected to be encountered. Practically, it may be 
approximated as 2 for most ?uids that Will be encountered 
excluding Water for Which it is approximately 3. 
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[0072] 4. Spreading Attenuation ASPREAD. 

[0073] When a beam of ultrasonic energy propagates 
through a media after some distance it spreads out, that is its 
Width increases as the distance from the source increases. 
Since the siZe of the receiving transducer is ?xed then as the 
distance betWeen the transmitting and receiving transducers 
increases the amount of energy incident on the receiving 
transducer decreases. In the limit of large distance the 
spreading attenuation is given by the equation 

f 1 + KS (Equation D) 
of -L 

ASPREAD = Z0'LOg10[ 

[0074] Where 

[0075] 
[0076] f, cf and L de?ned as before 

ASPREAD the spreading attenuation in dB 

[0077] K5 a constant dependent on the dimensions 
and properties of the transducer 

[0078] Since K5 is ?xed ie not dependent on the ?uid it 
is sometimes contained in AEXT. FIG. 6 shoWs the calcu 
lated dependence of the spreading attenuation on frequency 
for a system composed of tWo 1 inch diameter transducers 
mounted on pipes of various inside diameters. As can be 
seen, the behavior for pipes over 16 inches ID are in 
reasonable agreement With the above equation for smaller 
siZe pipes there is a region Where the spreading attenuation 
is nearly independent of the sound velocity and for smaller 
distances the attenuation increases as the sound velocity 
increases. 

[0079] The apparatus 10 makes use of the dependence of 
the received voltage signal on the attenuation characteristics 
of interfaces (5) and (7) of the above list, as Well as the ?uid 
attenuation characteristic 

[0080] The equations describing the physical principles 
underlying the invention previously given shoW that the 
attenuation f the acoustic signal at the container Wall/?uid 
interfaces is a function of the density sound velocity product 
for the ?uid and the pipeWall material. 

[0081] In order to calculate the attenuation, the sound 
velocity in the ?uid is determined using pulse transit time 
data measured for the acoustic path, in conjunction With 
delay times for the non-?uid media. 

[0082] Speci?cally, the ultrasound velocity is given by: 

Ct=L/zf 

[0083] Where: 

[0084] tt=the mean transit time of acoustic pulses 
traveling normal to the pipe axis in the ?uid 

[0085] 
[0086] L=acoustic path length in ?uid 

[0087] Where: 

[0088] tTOTAL=the total transit time from electronic 
transmitter through to electronic receiver. 
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[0089] tnon_?uid=the total of all non ?uid delays 
including transit times for cables, transducers and 
housings, pipeWalls and receiving electronics. 

[0090] The density of the pipeWall material is usually Well 
knoWn or can be determined before making the ?uid prop 
erty measurements. The sound velocity of the pipeWall 
material is often knoWn or, if not, can be measured using the 
ultrasonic thickness means. To calibrate the property mea 
surement device for density, the density of one of the 
unknoWn ?uids ?oWing in the pipe can be measured by 
means of a grab sample or determined by a sound velocity 
to density relationship. 

[0091] The natural frequency of transmitting and receiv 
ing transducers is chosen to produce signi?cant attenuation 
in the ?uid itself for the full range of viscosities to be 
measured. 

[0092] The viscosity measuring acoustic path can be cali 
brated by measuring the attenuation With a ?uid Whose 
viscosity is determined accurately by means of a grab 
sample. The viscosity of another ?uid can then be deter 
mined from the attenuation measured for that ?uid relative 
to the attenuation measured for the calibration ?uid. 

[0093] In one embodiment, the attenuation measurement 
necessary for the viscosity determination is effected by 
means of an automatic gain control feature applied to the 
receiver ampli?er that processes the received acoustic pulse 
for amplitude and transit time determination. The automatic 
gain control senses the amplitude of the received signal after 
ampli?cation and compares it With a preset reference. If the 
signal is beloW the reference, the gain is increased, if above 
the reference, the gain is decreased. The magnitude of the 
gain necessary to achieve this equilibrium is a direct mea 
sure of the attenuation to be measured. When the gain 
required for an unknoWn ?uid is compared With the gain 
required With a reference ?uid, the viscosity can be calcu 
lated using the relationships heretofore described. 

[0094] Consider the case of tWo ultrasonic transducers 
placed at diametrically opposed positions on a length of pipe 
containing a ?uid. As shoWn in FIG. 4, transmitter 28 
applies a knoWn voltage pulse to a ?rst ultrasonic transducer 
24. A ?rst voltage measuring mechanism 30 (for example, a 
simple voltmeter) Which measures the voltage applied to the 
?rst transducer 24. When the voltage pulse is applied to the 
?rst transducer 24, it generates an ultrasonic signal of 
frequency f Which propagates through the pipe Wall 20, ?uid 
21 and opposed pipe Wall 20 to second transducer 26. At the 
second transducer 26, the ultrasonic signal is converted into 
an electrical signal Which is ampli?ed by the receiver 34 and 
connected to a second voltage measuring mechanism 32. 
The attenuation expressed in dB is calculated by the equa 
tion 

[0095] Where V1 is the voltage measured by second volt 
age measuring mechanism 32 and V2 by ?rst voltage mea 
suring mechanism 30. 

(Equation E) 

[0096] The measured attenuation AMES results from the 
sum total of all types of attenuation, namely AEXT, ATRANS, 
AVIS, AREF and ASPREAD. For an arrangement as shoWn in 
FIG. 4, the AMES is equal to: 

AMIES=AEXT+AVIS+ASPREAD+2ATRANS (Equation F) 
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[0097] Another possible arrangement is to use a single 
transducer as shoWn in FIG. 5. Here, the signal voltage is 
measured after tWo passages (out and back) through the ?uid 
and after being re?ected three times by the pipe Wall making 
four passes (out and back tWice) through the ?uid. In this 
case, the total attenuation for tWo passages is given by 

AMES2=AEXT+AVIS2+ASPREADZ+ZIATRANS+AREF (Equation G) 

[0098] When the pulse is detected after four passes through 
the ?uid, the total attenuation is given by 

AMES4=AEXT+AVIS4+ASPREAD4+ZIATRANS+3AREF (Equation H) 

[0099] Subtracting Eqs. G from H 

AMES4_AMES2=AVIS4_AVIS2+ASPREAD4_ASPREAD2+ _ 
'AREF (Equation I) 

[0100] The advantage of this approach is that it is not 
necessary to determine ATRANS and AEXT. Additionally, the 
system requires feWer transducers. 

EXAMPLE 1 

Determination of Viscosity Using TWo Transducers 
Single Pass and Equation Relating Velocity of 

Sound and Density 

[0101] Three different samples of crude oil Were measured 
in a pipeline having an inside diameter of 23.23 inches. The 
density of the steel from Which the pipe Was formed Was 
7.71 grams/cubic cm and its sound velocity for a compres 
sional Wave 232,437 inches/sec. 

[0102] The sound velocity of these ?uids Were measured 
as described in US. Pat. No. 5,546,813, incorporated by 
reference a herein, and the attenuation Was measured as 
described above and calculated using Eq E 

[0103] The folloWing results Were obtained: 

[0104] 18G Cf=50101 inches/sec AMES=—29.0 dB 

[0105] WCH c.=52307 inches/sec AMES=-36.4 dB 

[0106] OCS Cf=55452 inches/sec AMES=—46.4 dB 

[0107] For this class of materials it has been determined (a 
number of different samples of products mentioned above 
Were obtained and the density and velocity of sound mea 
sured. The results Were plotted and ?tted to a linear equation 
using the method of least squares) that the density in 
grams/cubic cm can be related to the measured velocity of 
sound in inches/sec by the equation. 

pt=0.130+0.0000144-¢f 

[0108] In order to determine the viscosity of these ?uids, 
it is necessary to knoW the value of AEXT. Since it is di?icult 
to determine this quantity directly. It Will be estimated by 
using the knoWn viscosity of one of the products. 18G Was 
chosen for this purpose since it has the loWest total attenu 
ation and thus least susceptible to errors in the measured 
viscosity. Further since the pipe diameter is large, Eq. D is 
applicable. For 1SG the measured viscosity at the tempera 
ture of the ?uid in the pipe at the time the attenuation 
measurement Was 3.43 centipoises Using the measured 
sound velocity, assuming IQ,=2.0 and the equations A, D, 
and C one can calculate 

ATRANS=—2O.83 dB 

ASPREAD=—1.32 dB 

AVIS=—O.53 dB 
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[0109] and since AMES=—29 dB it is found from Eq F that 
AEXT=-6.32 dB 

[0110] Calculating ATRANS and ASPREAD using Eqs A & D 
for WCH, it is found 

ATRANS=—19.28 dB 

ASPREAD=—1.69 dB 

[0111] and then from Eq. F 

AVIS=—8.22 dB 

[0112] and the calculated viscosity from Eq C is 63.1 
centipoises. 

[0113] Calculating ATRANS and ASPREAD for OCS using 
Eqs A & D, it is found 

ASPREAD=—19.28 dB 

ASPREAD=—2.2O dB 

[0114] and then from Eq. F 

AVIS=—18.6O dB 

[0115] and the calculated viscosity assuming IQ,=2.0 is 
from Eq. C 179.0 centipoises. This can be compared With a 
measured value of a sample of OCS at 180 centipoises 

EXAMPLE 2 

Determination of High Viscosity Using Single 
Transducer Four Pass Minus TWo Pass and 

Estimation of Spreading Attenuation 

[0116] The difference in attenuation for four passes and 
tWo passes (AMES4—AMES2) in a short length rectangular 
pipe (of 9.5 inch by 5.5 inch inside dimensions) With the 
sound propagating parallel to the long dimension, Were 
measured for three liquids having different velocities of 
sound and all having loW ?uid attenuation at the measuring 
frequency (1.0 MHZ) as a result of loW viscosity, giving the 
(AMES4_ MESZ) results 

Water —8.2 dB 
Ethyl alcohol —4.2 dB 
Kerosene —5.4 dB 

[0117] The properties of these materials and the calcula 
tion of the spreading attenuation is summariZed using Eqs D, 
B and K in the table 

Water Ethyl alcohol Kerosene 

cf inches/sec. 58500 48199 51412 
cp inches/sec. 232000 232000 232000 
pf grams/cc 1.0 0.798 0.843 
pp grams/cc 7.71 7.71 7.71 

3.1 2 (assumed) 2 (assumed) 
T] centipoise 1.0 1.2 2.5 
AVIS4—AVIS2 dB —O.104 —O.183 —.356 
2-AREF dB —1.136 —O.739 —.789 
ASPREAD4—ASPREADZ dB —6.960 —3.278 —4.256 

[0118] Using the method of least squares the difference in 
spreading attenuation Was ?tted to the equation 

ASPREAD4—ASPREAD2=14.215—0.000361-cf E2 
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[0119] For a sample of mineral oil of unknown viscosity 
the measured value of AMES4-AMES2 in the same section of 
pipe Was —21.3 dB. and the measured value of the velocity 
of sound Was 57304 inches/sec. The measured value of the 
density in a separate experiment Was 0.93 grams/cc. 

[0120] The following quantities Were calculated using Eqs 
B, and E2 and K 

[0121] then from Eq. K 

AVIS=—14.O dB 

[0122] and from Eq. B and using K, of 2.84 

*r]=128 centipoise 

[0123] This can be compared to the measured value of 
125-130 cS. 

EXAMPLE 3 

Determination of LoW Viscosity Using Single 
Transducer Four Pass Minus TWo Pass and 

Estimation of Spreading Attenuation 

[0124] The difference in attenuation for four passes and 
tWo passes (AMES4—AMES2) in a short length rectangular 
pipe (of 9.5 inch by 5.5 inch inside dimensions) With the 
sound propagating parallel to the short dimension, Were 
measured for tWo liquids having different velocities of sound 
and having loW viscosity and as a result loW ?uid attenuation 
at the measuring frequency (5.0 MHZ) giving the (AMES4— 
AMES2) results 

Water —6.3dB 
Ethyl alcohol —12.3dB 

[0125] The properties of these materials and the calcula 
tion of the spreading attenuation is summariZed using Eqs D, 
B and K in the table 

Water Ethyl alcohol 

cf inches/sec. 53421 47795 
cp inches/sec. 232000 232000 
pf grams/cc 1.0 0.798 
pp grams/cc 7.71 7.71 
KV 3.1 2.8 previously tested 
n centipoise 1.0 1.2 
AVIS4—AV1S2 dB —1.52 —3.81 
2-AREF dB —1.1 —0.7 
ASPREA];,4—ASPREAD2 dB —3.66 —7.38 
f (frequency) 5.0 x 106 

[0126] Using a straight line ?t a spreading attenuation Was 
?tted to the equation 

ASPREAD4-ASPREAD2=2O l0g(0.31452—0.012025f/cf) E3 

[0127] For a sample of kerosene oil the measured value of 
AMES4— MES2 in the same container Was 12.3 dB. and the 
measured value of the velocity of sound Was 50848 inches/ 
sec. The measured value of the density in a separate experi 
ment Was 0.843 grams/cc. 
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[0128] The folloWing quantities Were calculated using Eqs 
Bf, and E3 and K 

ASPREAD4_ASPREAD2=_5'31 013 

[0129] then from Eq. K 

AVIS4—AVIS2 dB=-6.17 dB 

[0130] 
*r]=2.3 centipoise 

[0131] This can be compared to the predicted value of 2.5 
centipoise. 
[0132] Although the invention has been described in detail 
in the foregoing embodiments for the purpose of illustration, 
it is to be understood that such detail is solely for that 
purpose and that variations can be made therein by those 
skilled in the art Without departing from the spirit and scope 
of the invention eXcept as it may be described by the 
folloWing claims. 

and from Eq. B 

What is claimed is: 
1. An apparatus for measuring the viscosity of a ?uid in 

a container comprising: 

a mechanism for transmitting a signal into a ?uid in a 
container, said transmitting mechanism adapted to con 
tact said container and provide the signal to the ?uid in 
the container; 

a mechanism for receiving the signal after the signal has 
passed through the ?uid, said receiving mechanism 
contacting said container and receives the signal from 
the ?uid in the container; and 

a mechanism for determining the viscosity of the ?uid in 
the container from the signal after the signal has passed 
through the ?uid, said determining mechanism con 
nected to the receiving mechanism. 

2. An apparatus as described in claim 1 Wherein the 
transmitting mechanism and the receiving mechanism are 
disposed on the eXternal surface of the pipe and the signal 
passes from the transmitting mechanism through the pipe 
Wall, through the ?uid in the pipe and through the pipe Wall 
to the receiving mechanism. 

3. An apparatus as described in claim 2 Wherein the 
transmitting mechanism and the receiving mechanism con 
tact the pipe so the signal from the transmitting mechanism 
folloWs a path through the pipe to the receiving mechanism. 

4. An apparatus as described in claim 3 Wherein the ?uid 
and the transmitting mechanism includes a ?rst transducer 
Which produces an acoustic signal and the receiving mecha 
nism includes a second transducer Which receives the acous 
tic signal from the ?rst transducer. 

5. An apparatus as described in claim 4 Wherein the 
acoustic signal produced by the ?rst transducer passes 
through the pipe Wall into the liquid in the pipe and through 
the pipe Wall to the second transducer. 

6. An apparatus as described in claim 5 Wherein the 
transmitting mechanism includes a transmitter Which applies 
a ?rst voltage signal to the ?rst transducer causing the ?rst 
transducer to produce the acoustic signal having frequency 
f, said transmitter connected to said ?rst transducer. 

7. An apparatus as described in claim 6 Wherein the 
transmitting mechanism includes a ?rst voltage measuring 
mechanism connected to the transmitter Which measures the 
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voltage applied to the ?rst transducer from the transmitter 
and the time at Which the voltage Was applied. 

8. An apparatus as described in claim 7 Wherein the 
receiving mechanism includes a receiver connected to the 
second transducer, said second transducer converts the 
acoustic signal to a second voltage signal, said receiver 
ampli?es the second voltage signal from the second trans 
ducer. 

9. An apparatus as described in claim 8 Wherein the 
receiving mechanism includes a second voltage measuring 
mechanism connected to the receiver Which measures the 
voltage of the second voltage signal and the time at Which 
the signal Was received. 

10. An apparatus as described in claim 9 Wherein the 
determining mechanism includes a processor mechanism 
Which is connected to the ?rst and second voltage measuring 
mechanisms and determines the viscosity of the ?uid in the 
pipe as a function of the voltage measured by the ?rst and 
second voltage measuring mechanism and the transit time. 

11. An apparatus as described in claim 10 Wherein the 
determining mechanism includes a timing mechanism for 
measuring transit time of the ultrasonic signal passing 
through a knoWn distance in the liquid and Wherein the 
processor mechanism determines the liquid in the pipe from 
the viscosity and sound velocity of the liquid. 

12. An apparatus as described in claim 11 Wherein the 
processor determines the viscosity as a function of the 
attenuation of the acoustic signal produced by the ?rst 
transducer and received by the second transducer as it passes 
through a knoWn distance in the liquid and the velocity of 
sound of the liquid Which is determined from the transit 
time. 

13. An apparatus as described in claim 12 Wherein the 
processor determines the viscosity at the time and conditions 
When the acoustic signal passes through the liquid from the 
attenuation of the acoustic signal and the velocity of sound 
of the ?uid at said time and said pipe. 

14. An apparatus as described in claim 13 Wherein the 
acoustic signal produced by the ?rst transducer and received 
by the second transducer is an ultrasonic signal. 

15. An apparatus as described in claim 3 Wherein the ?uid 
is a liquid and Wherein the transmitting mechanism includes 
a ?rst transducer Which produces an ultrasonic signal Which 
is sent into the liquid. 

16. An apparatus as described in claim 15 Wherein the 
transmitting mechanism includes a transmitter Which applies 
a ?rst voltage signal to the ?rst transducer and a ?rst voltage 
measuring mechanism Which measures the voltage applied 
to the ?rst transducer from the transmitter and a multiplexer 
connected to the transmitter and the ?rst transducer for 
controlling When the ?rst voltage signal can pass to the ?rst 
transducer. 
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17. An apparatus as described in claim 16 Wherein the 
receiving mechanism also includes the ?rst transducer Which 
converts the ultrasonic signal it receives from the ?uid after 
the ultrasonic signal is re?ected from the pipe into a second 
voltage signal, and a receiver Which receives the second 
voltage signal and ampli?es the second voltage signal, said 
receiver connected to the multiplexer, said multiplexer con 
trolling When the second voltage signal from the ?rst trans 
ducer can pass to the receiver. 

18. An apparatus as described in claim 17 Wherein the 
receiving mechanism includes a second voltage measuring 
mechanism connected to the receiver Which measures the 
voltage of the second voltage signal and the received time. 

19. An apparatus as described in claim 18 Wherein the 
determining mechanism includes a processor mechanism 
Which is connected to the ?rst and second voltage measuring 
mechanisms and determines the ?uid in the pipe as a 
function of the voltage measured by the ?rst and second 
voltage measuring mechanism and the sound velocity. 

20. An apparatus as described in claim 1 Wherein the 
transmitting mechanism and receiving mechanism penetrate 
through the pipe Wall and contact the interior of the pipe. 

21. An apparatus as described in claim 20 Wherein the 
transmitting mechanism includes a ?rst transducer and the 
receiving mechanism includes a second transducer, and the 
?rst transducer and second transducer contact the pipe such 
that the signal passes betWeen them. 

22. A method for measuring the viscosity of a ?uid 
identifying a ?uid interface in a pipe comprising the steps of: 

transmitting a signal into ?uid; 

receiving the signal after it has passed through the ?uid; 

determining the attenuation of the signal as the signal has 
passed through the ?uid; and 

?nding the viscosity of the ?uid in the pipe from the 
attenuation of the signal and the sound velocity. 

23. A method as described in claim 22 Wherein the 
transmitting step includes the step of transmitting the signal 
through the pipe Wall into the ?uid and the receiving step 
includes the step of receiving the signal after it has passed 
through the ?uid and the pipe Wall. 

24. A method as described in claim 23 Wherein the 
determining step includes the step of comparing the signal 
before it is transmitted through the ?uid With the signal after 
it has passed through the ?uid. 


