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Abstract: Problem statement: Water detection in hydrocarbon emulsions reprasentserious
challenge in petroleum production industry. Themedaation of measurment noises is also desired.
Approach: In this study, a systematic and an applicable oeethf water detection in hydrocarbon
emulsion is achieved using thermoacoustic effecKafman filter is applied to correct measurement
errors and to improve accuradgesults: The study focused on sensing the presence of viater
kerosene using the established correlation betwhencontent of hydrocarbon emulsion and the
characteristics of the acoustic wave generatednbopdation of a heated rod in the emulsion. The
implemented filteration enhanced the peromance hef measurment systenConclusion: This
approach was tested experimentally and showedtbagiroduced acoustic signal can be utilized as an
informative parameter in quality control schemegetfochemical oil products.
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INTRODUCTION Water detection in hydrocarbon emulsions:
Detection of water content in oil products is a
Thermo Acoustics (TA) refers to the physical significant indicator of oil monitoring procedures
phenomenon that heat can generate and amplifyralsouwater in oil appears as a hydrocarbon emulsion.
wave and vice versa. The generation of a stresg wav Although, several techniques are available to deter
sound is produced as a consequence of thermaater level in hydrocarbon emulsions, they require
expansion induced by temperature variationlaboratory equipments to provide accurate and hilelia
Thermoacoustic technology uses high amplitudedata. Therefore, these procedures are time conganih
acoustic waves in pressurized gas to transfer lieat, Not practical for field work, where instant measueet is
also uses temperature difference to induce soundrucial for management of effective processing. .
Recent development and applications of TA systems A Well established method for detecting water is
are mainly based on the study of (Rott, 1969; 1980)uSing special pastes which alter color on contatlhl_ w
(Swift, 1988), who developed linear thermoacousticwater (lgbalet al., 2009), such as Kolor Kut modified
models. Temperature oscillations associated withvater finding paste or VECOM water finding paste. |
acoustic waves in fluids allowed the constructidn o literature, one can find a range of efforts in dete
thermoacoustic engines and refrigerators throughvater contamination in gasoline, such as additién o
contact of fluid with surfaces having high heatamify. =~ methylen crystal (Guven and Gezgin, 2004), which
Recently, researchers have focused on investiggtimg turns emulsion blue if contaminations existed. ©the
potential of utilizing thermoacoustic phenomena inwork suggested detection of water in petroleum
sensing techniques (Ket al., 2005; Pramanilet al., products by exposing oil to a substance which is
2008). This study focuses on sensing the presehce ehemically inert. This substance interacts withewdb
water in oil using oscillatory heat exchange preces produce gas and the produced gas is measured by
detect water content percentage in hydrocarbon fueHisplacement of liquid from a closed vessel (Pesters
This is achieved through acoustic wave generatipn b1978). The main drawbacks of this method are
thermal excitation of small regions (Kino and Stsar complexity and large measurement duration of
1985). In this approach, the key factor contritmitto  approximately 3 meter.

acoustic wave generation is thermal expansion oénah Recently, acoustic research brought much attention
and its interaction with volume dilation associaith the  to the fields of transducers and devices, whichthee
acoustic field of receiving transducer. basic blocks of laboratory analyzers and measuremen
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systems, such as: gas detectors (Younes, 2003) and where, Qusis the absorbed energzy by unit volume
temperature detectors (Alia and Al-Mograbi, 2007).of the emulsion. The expression @ ’Cp represents
The design of these detectors is based on ththe Grineisen parametef) is a dimensionless factor
measurement of one or more parameters of acoustictilat is proportional to the fraction of thermal eng
characteristics in the domain of interest. Research converted into mechanical stress which is relatethe
have proposed velocity measurement of soundhermal and bulk properties of the emulsion. Gréeei
transmission in the fluid stream (US. Pat. No 4,286  parameter equals to 0.11 for water at 100°C an8-0.1
and 4,080,837), however, the presence of gas in th@2 for hydrocarbon liquids.
stream can affect the measurement. In (U.S. p&tent Equation 2 demonstrates that the thermoacoustic
4,573,346), the volume of water and oil in a strea®s  pressure P is dependent on emulsion characterigtics
determined by consecutive measurement of upstredm avaries based on the reaction to changes in emulsion
downstream sound velocity using a pair of sonievflo composition including: 3, I' and Qs at constant
meters (Zachrias, 1986), the resulting data wéld/both ~ temperature (Aktast al., 2004; Toubatt al., 1999).
flow rate and concentration of water in oil. Such a  Therefore, the Griineisen parameter determines the
technique is relatively complicated and expensive. thermoacoustic-conversion efficiency in the emulisio

A common method of water detection in petroleumwhich is three times larger for water than gasoline
industry is chromatography (Senn and Johnson, 1987{0zoe et al., 1980). Thus, in practice, the measured
Acquacet al., 1975). Chromatographs are used to giveacoustic pressure signal generated can be used to
guantitative and qualitative analysis of gases andnonitor the emulsion composition at constant-
vapors. However, it is impractical to maintain atemperature environment.
chromatograph in  non laboratorial zone. Gas

chromatography is mainly used at early stages of MATERIALSAND METHODS

quality control procedures in oil production, whese

the content of oil products may be contaminated as The proposed sensing method is based on the
result of oil storage or during transportation. established correlation between the content of

Therefore, this research is directed towards thdnydrocarbon emulsion and the parameters of genkrate
investigation and utilization of a practical methfmt  acoustic wave resulted by inundation of a heateldimo
detecting, monitoring and measuring of water caniten the emulsion.
hydrocarbon emulsion and/or detection of oil inavat The system components of TA sensing apparatus

are shown in Fig. 1. Initially, mixing of emulsiomas
Thermoacoustic detector: The operation of this done through consistent shaking. To validate
detector is based on the fact that when heat @iffuis  suggested procedure, the mixture was tested irsglas
the emulsion by the heated rod, a mechanical stregdastic and stainless flasks. Flasks volumes were
arises, which causes the generation of the acowstie 1000 500, 400, 300, 200 and 100 mL. The temperafure
whose properties are determined by the charagbsrist inundated rod was 100 and 150°C. The mixture vofume
of the medium, i.e. the emulsion thermal expansiorwere 100, 200 and 300 mL. The acoustic wave igvet

forms the acoustic signal (Srivastatal., 2006). using a sensitive hydrophone linked to a compuber f
The heat source determines the Pressure (P) in @ignal processing.
acoustically homogeneous medium at time t andipasit In order to study the produced acoustic signa, th
ras (Gucet al., 2007; Lou and Xing, 2010): signal is analyzed using a customized program under
CBuilder-5 environment, it continuously measures th
, 1 92 B a frequency of generated sound signal. The measured
O p(r,t)—?ﬁ p(r.t)=—ga Q(r,1) (1) frequency which is displayed on a chart recordeldgi
s P the desired information about water content in

) o ) hydrocarbon emulsion.
where,f is thermal coefficient of volume expansiog, v

is speed of sound, ,ds the specific heat capacity at rror correction using Kalman filtering: In Kalman
constant pressure and Q is thermal energy petiomét  fier 4 Jinear and recursive estimator, the staithe

and unit volume. system are defined to estimate system behavion, Als

Assuming the change in volume is negligible, themeasyrement model is defined to characterize the
solution of Eq. 1 under thermal and stress conf@™®m re|ationship between the state vector and any

subject to zero-initial conditions (Xet al., 2004): measurement. The state vectoof the system at time
(k+1) are produced by Eq. 3 (Brown and Hwang, 1997)
_Bv2
p="_>Qabs=T Q, (2)
C, @ Xir1 = @ Xt Wi 3)
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where, @ is the state transition matrix. The noisgisv

vk = Assumed to be Gaussian with covariance matrix

a white Gaussian noise with zero mean and covaianc R.. Vi has zero cross-correlation with w

Q- To apply Kalman filter in measurement correction
procedure, the state vector is defined as the geera
acoustic peak with glass flask at 100°C, emulsion

volumes: 100, 200, 300 mL. The state transitionrimat
@ is an identity matrix of 3x3.
The process measurement is defined as Eq. 4:

Z= HiXic + Vi 4)

Where:
Hy = The measurement matrix and noise

Shaker

Heated
W rod
—
PC with C builder
environment Inlet
Flask
Hydrophone .~ as
7 Sample under
test

Outlet

The measurement vector is vector of ones of 3x1.
The implementation of Kalman filter procedure is
shown in Fig. 2, (Chui and Chen, 2009). The procedu
is initiated by the assumption ofyxand Py initial
estimate of states and its error covariance reshet
The optimal Kalman gain Kis utilized to achieve the
update estimate of the measuremextsand its error
covariance P The next state x.; and error covariance
P 1 are then calculated based on the current state
estimate. For estimating of GPS receiver coordinate

The filter accuracy is measured using 2DRMS
(Twice Distance Root Mean Squared). The computation
of 2DRMS s attained by Eq. 5:

2DRMS=2\ (5% 6 (5)

where, ¢;, o, are the standard deviations of the
measurements by Kalman filter.

RESULTS

To investigate the correlation between water
content and acoustic wave frequencies, Fig. 3atka

Fig. 1: The experimental set-up schematic for watePf acoustic signal peaks (the peak of the basic

content detection

[nitial estimate of Xj and
its error covariance Py

!

Compute optimal Kalman gain:
Ky = PyH [HP H + R

!

Update estimate with

measurement z;:  States: o %0

Xk = XN+ Ki (2 — Hil%y)

!

Compute error covariance
for update estimate:
Py = (1 - K, Hy)Py

Measurements: Zg, Z;.. .
—_— )]

Project the state ahead
Rirr = DiFe

Project the error covariance
ahead

Py = BuPiBy + Qi

Fig. 2: Kalman filter procedure

harmonic) is estimated, this method is frequently
implemented in chromatography (Felinger, 1998).

Samples are prepared in steady still conditions so
that sound resulted by evaporation will not affdut
measurements, also consistent temperature should be
preserved throughout the procedure.

In order to evaluate the proposed technique and to
investigate the relationship between compositiod an
thermo acoustic pressure, multiple water-in-emulsio
percentages are tested to estimate the average
frequencies of acoustic peaks for different flaget
and emulsion volumes as shown in Fig. 4-6.

The average frequency of the acoustic peaks is
curve-fitted by a third order polynomial functiohhe
main factors which may affect the generated sound
signal are: flask material, heated-rod temperature
volume of mixture. It was found that the temperatur
variation has a significant impact on the area urnle
acoustic curve. As shown in Fig. 4, using different
mixture volumes in the same flask has no significan
effect on the peaks area of the acoustic wave.
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Fig. 3: Peaks of acoustic signal for plastic flask50C, 100 mL, 95% kerosene
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Fig. 4: Average frequencies of acoustic peaks giitiss flask at 100°C, emulsion volumes: 100, 200, 1L

The flask material has a clear effect on peaka aremedium: Z; =4.310* Pa.

of the sound signal. The type of flask materialiros

the behavior of produced acoustic signal which ddpe

Webster, 2001). Z is a characteristic parameteeémh

Zsee=45Pa.sm'.

S, Zyaer =1.5 Pa.sm'® ,

As shown in Fig. 6, using a stainless steel flask
on the acoustic impedance Z (Pallas-Areny androduces better consistent measurements for various
emulsion compositions and flask sizes.
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DISCUSSION

Based on these experimental results, this teckniqu
is recommended to detect water-in-oil with percgeta
of 10% or less. To study the effect of flask sipesthe
acoustic signal, shown in Fig. 7, sizes 100, 200amd
300 mL were used in the procedure. As seen thk flas
size has no effect on the acoustic signal when rwate
content is below 10% of the emulsion.

Furthermore, several experimental tests were
performed to study the influence of using different
materials for the flask. As shown in Fig. 8, thewastic
signal is proportional to the water content undeolof
emulsion with no significant effect of material dse

721

—
2

Average Acoustic Peaks a.u

()

0

[

—
(=]

Iy

100mL data
100mL fitcurve
¢ 200m data
"""""" 200 mL fit curve
+  300mdata
300mL fit curve

Fig. 9:

1
0 5 10 15 20

Percentage of water content in emulsion %

Average frequencies of acoustic peaks with
glass flask at 100°C, emulsion volumes: 100,
200, 300 mL with Kalman filter



Am. J. Applied Sci., 9 (5): 717-723, 2012

.

% 100 mL data
100 mL fit curve
& 200 mL data
-------------- 200 mL fit curve

300 mL data
300 mL fit curve

Average Acoustic Paks

5 10 13
Percentage of water content in emulsion %

=

20

Acqua,

REFERENCES

R.D., JA. Egan and B. Bush, 1975.
Identification of petroleum products in natural
water by gas chromatography. Environ. Sci.
Technol., 9: 38-41. DOI: 10.1021/es60099a007

Aktas, M.K., B. Farouka, N. Padma and W.A. Margaret

2004. A Numerical study of the generation and
propagation of thermoacoustic waves in water. Phys.
Fl., 16: 3786-3794. DOI; 10.1063/1.1791191

Alia, M.A.K and Al-Mograbi, T., 2007. Investigatioof

an acoustic temperature transducer and its
application for heater temperature measurement.
Am. J. Appl. Sci, 4: 294-299. DO
10.3844/ajassp.2007.294.299

Brown, R.G and P.Y.C. Hwang, 1997. Introduction to

Fig. 10: Average frequencies of acoustic peaks with
plastic flask at 100°C, emulsion volumes: 100,

200, 300 mL with Kalman filter

Random Signals and Applied Kalman Filtering:
With MATLAB Exercises and Solutions. 3rd
Edn., John Wiley and Sons, New York, ISBN-
10: 0471128392, pp: 484.

Chui, C.K. and G. Chen, 2009. Kalman Filtering: hVit

The data filtration using Kalman filter was perfad.

The results showed a remarkable enhancement of the

Real-Time Applications. Springer Series in
Information Sciences. 4th Edn., Springer, New

measurement accuracy. The average frequencies of YOrk, ISBN-10: 3540878483, pp: 229.

acoustic peaks with glass and plastic flasks at@Q
emulsion volumes: 100, 200, 300 mL with Kalmarefilt
are shown in Fig. 9, 10 respectively.

The accomplished results were
support the application of such system to the itréhls
applications. The calculated accuracy was more than
95% on average. The best detecting results aredfoun
with glass flasks with more than 97% accuracy.

Based upon these results, this experimental

) G
reliable and

o Felinger, A., 1998. Data Analysis and Signal Preces

in Chromatography. 1st Edn., Elsevidlew York,
ISBN-10: 0444820663, pp: 414.

uo, B., J. Li, H. Zmuda and M. Sheplak, 2007.
Multifrequency  microwave-induced  thermal
acoustic imaging for breast cancer detection. IEEE
Trans. Biomed. Eng., 54: 2000-2010. DOI:
10.1109/TBME.2007.895108

Guven, K.C and T. Gezgin, 2004. The water detection

in gasoline and its hydrocarbon contents. J. Black
Sea Mediterr. Environ., 10: 61-70.

procedure, to use TA principle to detect the Waterlqbal, M., O. Morel and F.A. Meriaudeau, 2009. A

content in hydrocarbon emulsion with Kalman
filteration, established a practical method to ntoni
water-in-oil in industrial application.

CONCLUSION K

A systematic method for detecting water content in
hydrocarbon emulsion is proposed using the apjmicat
of a TA-based technique. The experimental results
revealed that the generated acoustic signal isecbie
the properties of the tested hydrocarbon emulsidre.
tested thermo acoustic detector demonstrated a

survey on outdoor water hazard detection.
Proceedings of the 5th International Conference
Information and Communication Technology and
Systems, (ICTS’ 09), Surabaya, Indonesia, pp: 33-39

ino, G.S and R.G. Stearns, 1985. Acoustic wave
generation by thermal excitation of small regions.
Applied Phys. Lett., 47: 926-928. DOL:
10.1063/1.95982

Ku, G., B.D. Fornage, X. Jin, M. Xu and K.K. Huntn

et al., 2005. Thermoacoustic and photoacoustic
tomography of thick biological tissues toward
breast imaging. Technol. Cancer Res. Treat., 4:
559-65. PMID: 16173826

sufficient level of precision to sense water-in-oil | oy, C. and D. Xing, 2010. Temperature monitoring

content if less than 10%. To improve this accuraey,
implemented a Kalman filter which reduced the error
percentage to 2-5%. This general approach can be
utilized in different quality control tests.

722

utilising thermoacoustic signals during
pulsedmicrowave thermotherapy, A feasibility
study. Int. J. Hyperther., 26: 338-46. DOI:
10.3109/02656731003592035



Am. J. Applied Sci., 9 (5): 717-723, 2012

Ozoe, H., N. Sato and S.W. Churchill, 1980. Theeaff Srivastava, R.K., R.L. Dhabal, B.M. Suman, A. Saini
of various parameters on thermoacoustic  gnd P. Panchal, 2006. An estimation of correlation

convection. Chem. Eng. Commun., 5: 203-221. ; ; ;
i ' on thermo-acoustic properties of mineral wool. J.
DOI: 10.1080/00986448008935964 Sci. Ind. Res., 65: 232-236.

Pallas-Areny, R and J.G. Webster, 2001. Sensors and . . . .
Signal Conditioning. 2nd Edn., John Wily and Swift, G.W., 1988. Thermoacoustic engines. J. Atious

Sons, New York, ISBN-10: 0471332321, pp: 587. Soc. Am., 84: 1145-1180. DOI: 10.1121/1.396617
Pedersen, A.B., 1978. Detection of water in oil. USToubal, M., M. Asmani, E. Radziszewski and N.

Patent 4089652. Bertrand, 1999. Acoustic measurement of
Pramanik, M., Ku, G., Li, C.H. and Wang, LH.V., compressibility and thermal expansion coefficient

2008. Design and evaluation of a novel breast  f grythrocytes. Phys. Med. Biol., 44: 1277-1287.

cancer detection system combining both ) _
Thermoacoustic (TA) and photoacoustic (PA) DOr: 10'1088/0231 9é55/44/5/.313 d h
tomography. Med. Phys., 35: 2218-2223. DOI: XU Y~ L.V. Wang, G. Ambartsoumian and P. Kuchtnen

10.1118/1.2911157 2004. Reconstructions in limited-view thermoacausti

Rott, N., 1969a. Damped and thermally driven  tomography. Med. Phys., 31:724-733.
acoustic oscillations in wide and narrow tubes.Younes, T., 2003. Acoustic detector for gas

Z. Angew. Math. Phys., 20: 230-243. DOL chromatography. Russian Federation Patent.
10.1007/BF01595562 . . Zachrias, E.M.J.R., 1986. Method of measuring the

Rott, N., 1980b. Thermo acoustics. Adv. Applied klec composition of an oil and water mixture. US
20: 135-75. Patent 4573346.

Senn, R.B and M.S. Johnson, 1987. Interpretation of
gas chromatographic data in subsurface
hydrocarbon investigations. Ground Water Monit.
Rev.,, 7: 58-63. DOI: 10.1111/}.1745-
6592.1987.tb01062.x

723



