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The paper provides the research results of the changes in the properties of fuels and
lubricants depending on water content in them. A fundamentally new dependence
has been discovered. The analysis of the acoustic spectrum of aviation fuels hydrody-
namic cavitations shows the influence of water concentration in petroleum products
on the increase in the total signal power. The obtained dependencies can be used
when developing new diagnosing cavitations technologies.
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The problem and its connection with scientific and practical tasks.
Condition of fuels and lubricants greatly affects the performance of ma-
chines, mechanisms and even entire systems. One of the criteria for evalu-
ating the fitness of petroleum products for use is the water content in them.
For aviation fuel, for example, fraction of its total mass should not exceed
0,003 %. Fuels are examined for compliance with the standards in labora-
tories of tank farms and fuel complexes. Quantitative analysis of water
content with the use of laboratory methods was carried out by 1SO 9030
(ASTM D 4007, ASTM D 1796) through the use of centrifugal forces; by
GOST 2477 by heating the sample with insoluble in water solvent and
measuring the volume of condensed water in the receiver-trap; by ASTM
D 4006 with a similar procedure for diagnosing; by GOST 14870 using the
three methods of visual Fisher reagent titration based on the interaction of
iodine and sulfuric anhydride with water and the formation of hydroiodic
acid and sulfuric anhydride in the medium of methanol and pyridine; by
ASTM D 4377 by potentiometric Fisher titration; by ASTM D 1744 by
electrometric Fisher titration [1]. The mentioned methods have significant
cost of consumables and require certain qualifications of the researcher.
The only certified according to [2, Application 30 to paragraph 4.3.12] de-
vice for the quantitative water detection in fuel samples is “Aqua-Glo”, the
principle of its action coincides with ASTM D 3240 “Standard Test
Method for Undissolved Water In Aviation Turbine Fuels”. This method is
described in the international standard, it can define the concentration of
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water from 1 to 60 parts per million (ppm) or from 0,0001 to 0,006 % by
comparing etalons and samples after translucence with ultraviolet com-
parator. However, according to the instruction [3], even this method does
not respond to dissolved water and depends on the degree of solubility and
temperature of fuel.

In view of the above, we can conclude that the study of new depend-
encies between the water content in the fuel and its properties is important
and promising for the development of new diagnosing methods, and there-
fore for the prevention of failures and damage of mechanisms and ma-
chines.

Analysis of research and publications. Some of the new attempts to
solve the problem of methodological complexity of laboratory diagnosing
of fuels and lubricants (including water content of fuel) are given in [4, 5].
At the same time the problem of significant cost of reagents and equipment
Is not solved. [6] is an attempt to show an alternative approach to solving
this problem by using cavitation technologies that are practically realized
in [7]. But the unsatisfactory sensitivity of the method led to widening the
field of research [8].

Statement of the problem. Theoretic precondition to find the de-
pendence between the water content in the fuel and its acoustic spectrum is
the well known difference in densities of this liquids, which, in accordance
with [9], must have a significant impact on the rate of spread perturbations
in the cavitation area (and therefore on pulsation pressure). As, in obedi-
ence to [10], actual transition from liquid state to gaseous and vice versa, is
associated with splitting the original homogeneous substance in two differ-
ent coexisting phases, we can assume that the acoustic spectrum of aviation
fuel will vary, due to variations of saturated vapor pressure in the cavita-
tion zone which in its turn will change with the increase or decrease in the
total water concentration at any condition. Practical prerequisites for the
presented research are the results of the analysis of the acoustic spectrum
of ultrasonic cavitation [11].

In view of the pendency of the formation of new advanced methods
of diagnosing petroleum products watering, which use modern advances in
science, the authors faced the task of experimental investigation of the ef-
fect of water content in the fuel on the value of total power of acoustic
spectrum of hydrodynamic cavitation generated by throttle cavitation
units. This article is a continuation of previous publications by the authors
on presented topics.

Presentation of the material and the results. For the research of
acoustic spectrum of hydrodynamic cavitation generated at the outlet of
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throttle device, an experimental stand was designed and manufactured
(Figure 1).
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Figure 1 — Principle scheme of experimental stand for the research of the acoustic
spectrum of fuels and lubricants hydrodynamic cavitation:
1 — gear pump; 2 — tank; 3,7 — throttle valves; 4,6 — manometers; 5 — cavitation gen-
erator of pulsations; 8 — measuring unit; 9 — cooling tank; 10 — drain valve; 11 — cold
water feed line; 12 — overlapping crane; 13 — drain line

The source of power in the stand is gear pump 1, which transfers
working fluid from tank 2 into the coil located in tank 9, where by line 11
continuously goes and from which by line 13 through valve 12 drains wa-
ter. Heat exchange, which effectively cools the fluid in installation during
the experiment, helps to maitain a stable temperature. Then fluid enters the
cavitation generator of pulsations 5, the inlet and outlet pressures of which
are controlled by manometers 4, 6 and regulated by throttle valves 3, 7,
and returned to tank 1. Valve 10 is used for draining residual fluid after the
experiments. Research of the acoustic spectrum is carried out with meas-
urement unit 7. Piezoelectric sensor in it perceives pulsations and trans-
forms them into electrical signal. USB oscilloscope allows observing the
signal in time and frequency areas by making Fourier transform.

Research is conducted by three procedures. The first procedure (pro-
cedure 1) is to use prepared samples of fuels with known water content in
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random order and to clean the stand after each; the second procedure (pro-
cedure 2) is to add certain amount of water into fuel in series but with
stand turning off for equal period of time; the third procedure (procedure
3) is to add definite quantity of water into fuel continuously. Fuel tempera-
ture was maimtained stable for all procedures. Preparing samples for pro-
cedure 1 was performed by ultrasonic or hydrodynamic cavitation mixing,
for procedures 2 and 3 — immediately after adding water to the tank, cavi-
tation generator was used as a mixer.

As the experimental hydraulic stand allows working with different
pressure in the system, the tests employing the most difficult method 1
were held in the three operation modes, the parameters of which were de-
finied using the results of [12, 13]. Thus, each of the modes was with the
same pressure drop and contributed to the developed cavitation. For fur-
ther work mode 2 is selected as optimal in terms of resulting signal infor-
mativity.

Analysis of the array data was carried out qualitatively and quantita-
tively. For qualitative assessment we built acoustic spectrums of fuel with
different water content, compared the value of harmonics over the entire
range and the most informative in terms of variations in the signal band-
width of frequencies (Figure 2).
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Figure 2 — Acoustic spectrum of hydrodynamic cavitation of fuel
with varying water content (bandwidth 50-5000 Hz)
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Difference between spectrums has chaotic character.

For quantitative analysis we applied various methods, including de-
termination of the total power magnitude signal of acoustic spectrum of
fuel with varying water content for the entire range of studied and selected
bandwidths (Figure 3).

Forming an array of information took place by recording 10-50 reali-
zations of each measurement using all the techniques and modes of opera-
tion. Two methods of calculating the primary data were used. The first
method (method 1) includes averaging results of realizations and calculat-
ing the total power of spectrum. The second method (method 2) involves
defining the value of the signal at all frequencies of each of the implemen-
tations, summation and averaging.
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Figure 3 — The dependence of the acoustic spectrum power
on the concentration of water in aviation fuel

All researches were performed alternately with aviation fuel TS-1
and JET-AL.

Conclusions and directions for further research. The results of ex-
perimental studies indicate that the total power of acoustic spectrum of hy-
drodynamic cavitation of aviation fuel increases with rising concentration
of water in the fuel.

Application of different procedures for experiments provides similar
results, with other conditions being equal, therefore, for further research it
IS inexpedient to use procedure 1 as it takes to much of resources.
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Calculation (with the use of different methods) of primary data proc-
essing only changes quantitatively the value of power for each of the con-
centrations of water in the fuel, not significantly changing the character of
the dependencies.

Further research should focus on identifying the limits of water con-
tent in the fuel, in which the growth of the total acoustic power spectrum is
so small, that it does not allow applying the procedure using the obtained
dependencies.
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O.C. Illyzixk, I'H. 3aitonuxkoscvkuii. Hayionanvnuii asiayitinuil ynigepcumem,
Kuie

3acTocyBaHHSl TIAPOAMHAMIYHOI KaBiTamii Jjsl AIarHOCTYBAHHHA OOBOJXHEHHS
NAJbHO-MACTHJIBHHUX MaTepiajiB

Hageoeno pesynomamu excnepumeHmaibHux 00CAiONCeHb 3MIHU ér1acmugocmetl na-
JIbHO-MACMUNbHUX Mamepianie 8i0 emicmy 800u 6 Hux. Ha npuxnaoi ananisy akycmu-
YHO20 CNeKmpy 2i0OpOOUHAMIYHOI Kasimayii asiayiHux naiue NoKA3aHo 6NJIU8 KOH-
yeHmpayii 600U 6 HAGMONPOOYKMI HA BEIUYUHY CYMAPHOI NOMYHCHOCMI aAKyCmuy-
HO20 cueHary. 3anponoHO8aHO OMPUMAHI 3ANEHCHOCHIT BUKOPUCTOBY8amu 015 Qop-
MYBAHHS HOBUX KABIMAYIUHUX MEXHOI02IU 0IAeHOCMYBAHHSL.

KiarouoBi ciaoBa: rigpoauHaMiyHa KaBiTalisi, ApPOCeJbHUMH HACAJA0K, MAJbHO-
MACTHJ/IbHI-MaTepiaja, aKyCTHYHHHA CIIEKTP.

A.C. Ily3uk, I''H. 3aiionukoeckuii. Hayuonanonulit aguayuonuvlii ynusepcumenmt,
Kues

HpnMeHeHne FHI[pOIlI/IHaMPI‘IeCKOﬁ KaBUTaAllUU I TUHATHOCTHPOBAHUA OﬁBOI[-
HCHHUA IN'OPHOYEC-CMA30YHbIX MAaTCPHAJIO0B

Ilpusedenvr pe3yromamvl IKCHEPUMEHMATILHBIX UCCIEO008AHUN USMEHEHUs] C8OUCM
20pIoYe-CMA30UHbIX MAMeEPUALos om cooepicanus 6o0bl 8 Hux. Ha npumepe ananusza
AKyCmu4ecko20 CHeKmpa UOPOOUHAMUUECKOU KABUMAYUU a8UAYUOHHBIX MONIUE
NOKA3AHO GNUSHUE KOHYEHMPayuu 600bl 8 Hepmenpooykme Ha y8eaudenue cymmap-
HOU MOWHOCMU aKyCcmuyeckoeo cueHana. llpeonosiceno nonyueHHvle 3a8UCUMOCTIU
UCNONb3068aMb 8 npoyecce GopMUpPOBAHUsT HOBIX KABUMAYUOHHLIX MEXHON02Ull OU-
ACHOCMUPOBAHUS.

KawuyeBble cJoBa: rmaipoamaHaMuicCcKasd KaBUTallUus, I[pOCCC.]ILHLIﬁ HaCaaokK,
roproie-CMa3o4HbIC MaTCpHUaAJIbI, aKyCTI/I‘IeCKHﬁ CIICKT]P.
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