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AN ULTRASONIC METHOD FOR CLASSIFYING STANDARD PETROLEUM FUELS

Dr. Wieslaw Szachnowski and Dr. Bogdan Wislicki

SUMMARY

Some measurements of ultrasonic speed in petro-
leum fuels were performed. It is shown that there
is a correlation between the velocity of ultra-
sound and a number of standardized physical and
chemical properties. It is possible to determine
temperature intervals of ultrasonic speeds, char-
acteristic for a fuel or a group of fuels. Statis-
tical analysis shows that measurement results of
ultrasonlic veloclty can be used for identification
of the type or grade of a fuel and a preliminary
assessment of quality. By analyzlng two-component
fuel mixtures on the basis of additive properties,
it was found that it is possible to determine quan-
titatively heavier or lighter impurities in a fuel
with an accuracy to within plus or minus 0.5%.

1. INTRODUCTION

The results of studies described in [1,2,3,4 and 5] indicated
the possibility of segregation of fuels on the basis of measurements
of ultrasound speed. Independently, 1t appeared possible to estimate
the contamination of a gilven fuel with another "lighter" or "heavier"
naphtha product, e.g., fuel or oil. Assuming the maximum simplifica-
tion of measurement, there was also a possibility of performing a
fast evaluation of these products, thus enabling their continuous
control.

Statistical analysis of standard fuels was performed in order
to examine:
- possibility of determining characteristic intervals of ultra-
sonic speed for particular types providing their identifica-
tion with respect to fractional composition,

*
Numbers in margin indicate pagination of fecrzsign text.
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- possibility of estimating the degree of contamination with
other products

Two-component mixtures, Imitating contamination of products,
were analyzed 1n sets:
I benzenes and jet fuels
II jet fuels and motor olls
ITITI benzenes and motor oils
The following ranges of concentrations were analyzed more thoroughly:
0-10 volume % and 90-100 volume %.

Measurements of the ultrasound velocity, as a function of temper-
ature, were carried out using an interferometric ultrasonic method,
developed in the Aviation Institute [1] with an accuracy no less than
0.1%. Density was determined by the pycnometric method with accuracy
plus or minus 1.10-’4 gcm_3 following PN-66/C-04004.

2. RELATTONS AND POSSIBILITIES OF THE APPLICATION OF FUELS

In order to find out to what degree the velocity of ultrasound c
or its connectlon with density ¢ in the form of the coefficient of

isentropic compression BS defined by

ﬁs="l‘ (1)

oc?
enables one to determine the amount of impurities in mixtures of pro-

ducts I, II, III, we availed ourselves of the following relations
[(6,7,8,10 and 11]

bV +_l"V,_1____ Q‘VAV+'0(I_”_'”A)' (2)
2 2 2 2 2
¢ Ca Cp 04Cq OnCn
! 1
Bs = Vst (L=V)Bs = sVt =V (3)
04€a (19]]

and correspondingly for component B.

By the application of the coefficient of light refraction or
other quantities for a similar purpose, we tried to make use of a
simpler relation

c= Ve +(1=V)ey (W)

~
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and correspondingly for component B.

In the given relations, the notation is: m--weight fraction of
components, V--volume fraction of components, A, B--individual com-
ponents of mixtures (impurities).

The possibility of utilizing relations (2), (3) and (4) depends
on the condition that there 1s no effect of association, as a function
of the concentration of components, on linearity of these relations.
Only in such a case we can assume that ¢ and Bs will obey the law of
additivity. In the light of results described in [2,3], in the case
of some fuels, one should expect the appearance of association-solva-
tion effects. It was established that, in the case of fuels, at tem-
peratures 20°C and above, these effects were relatively small. It
would appear, therefore, that by making measurements at a temperature
of 20°C and above, the influence of these effects on the accuracy of
determining concentrations of two-component mixtures can be neglected.

Utilization of relations (2), (3) and (4) for determining con-

centration of one of the components of mixtures I, II, III would reduce

to finding: velocity of ultrasound for a mixture and its components

A and B--in the case of using relations (2) and (4), and additionally
density of the mixture and its components--in the case of using rela-
tion (3). The concentration of a component may be found by transfor-
mation of the given equations or from the graphs (Figures 1, 2 and 3).
Of these graphs, values of ¢ or Bs for pure components are given by
straight lines, from which the concentration of components is read for
measured c or Bs of the mixture. For mixtures of various concentra-
tions, appropriate values were found theoretically from relations (2),
(3) and (4). Next, c and ¢ were measured experimentally in mixtures
of various concentrations. As a result, we obtained values determined
theoretically and experimentally and information concerning the possi-
bility of calculating contents of mixture components, without the nec-
essity of making measurements as a function of concentration, or veri-
fying the rules of propagation in the nmixtures of analyzed fuels.
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3. RESULTS OF STUDIES

3.1 General characteristics c(T)

Measurements of C(T) correlated with other typical properties of
fuels enabled us to establish sufficiently large intervals of c(T)
(Figure 4), minimum 10-30 ms™t (1,4 and 5]. At the availlable accuracy
of measurements, the obtained differences of velocity made possible
identification of the product. For benzenes and motor oils, the c(T)
characteristics made it possible to distingulish between kinds in a given
type of product (Figure U4). For jet fuels, these possibilities were
limited (Figure 7). Thils applied particularly to fuels ATK, PS-2,
PS-3 whose ¢(T) values did not differ much. Their differentiation
would be possible 1f we had at our disposal a measurement with an accur-
acy higher by one order. A statistical comparative evaluation of c¢(T)
with a number of normalized physicochemlcal properties considered first
of all these properties which were connected directly with the proper-
ties of fuels.
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The analysis of samples of one kind of motor oll IZ-20 revealed
a correlation between c¢(T) and a parameter describing rheological pro-
perties at lowered temperatures--the temperature of blockage of cold
filter (Tables 1, 4 5, Figures 9, 11). A relation was observed also
of an l1ncrease of ultrasound speed wlth a change of other parameters:
an increase of the characteristic temperatures corresponding to 50% and
end of distillation, density, coefficlent of light refraction, average
amount of carbon in ring structures, and decrease of the amount of car- /165
bon in paraffin structures. These results confirmed the earlier data,
obtained for fractlons of hydrocarbons representing definite types of
structures [2]. These data indicated the possibllity of anticipating
the change of ¢(T) in the case of contamination of a sample of the
tested product with added lighter or heavler products.

Tests carried out on a sample of motor oil, complying with requlre-
ments of the standards, confirmed this suggestion (Figure 5). Intro-
duction into samples 5 and 6 of 10% transformer oil, and of the same
amount of benzene B-70, resulted correspondingly in raising and lowering
the value of c¢(7T) outside the standard limits for motor ocils.

3.2 Statistical c¢(T) characteristic of fuels in narrow
temperature range

In the group of benzene fuels, the intervals of ¢ values were as
follows (Table 2, Figures 6 and 7):

etylina I 1190,6 + 1150,6 ms™*, Acyo = 40,0 ms!, Acys = 41,2ms™"

benzyna I (nonethylized) 1183,0~11744 ms™', Dezo = 8,6 ms™", Alzs = 7,6ms™!

benzyna II (qualified as etylina I}I1749+1171L9ms™" Acgo =3 ms™", Acys = 2,3 ms™!

etylina II 12050+ 1192,6 s ™", Aczo = 12,4 ms™!, Acys = 8,2ms™ "

for all kinds of benzenes 12050+1150,6 ms™!, Acyo = 84,4 ms *, Aczs = 54,9 ms™!,

/166

Etyline II should be distinguished from the remaining fuels of
this kind. It shows a correlation of the ¢(T) value with density and
distillation temperatures. Both in the group of samples and for various
kinds, there were relatively large differences in the properties re-
ferred to c¢(T), e.g., sample no. 6 of etylina I, sample no. 11 of
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Figure 6. Characteristic c¢(T) for samples:
a--etylina I; b--benzyna I

benzyna I, or between kinds of etylina I--~benzyna I. These differ-
ences, finding conflrmation in other properties, indicate a different
structural-{ractional composition. Samples nos. 8, 10 and 11 of
benzyna I bad an induction period outside of the norm. These facts
were reflected in values of c¢(T) (Figure 6).

The group of jet fuels (Table 3, Figure 7) was not statistically
representative. The values of Ac were 2.1 ms'l at the maximum. A con-
firmation of such a small dispersion of ¢(T) values for larger amount
of samples creates the possibility of qualifying the kind by means of

the c¢(T) characteristic.

Group I of motor olls was characterized by intervals Acyg = 167 ms™'
Acyo = 16,0ms™'  (Table 4, Figure 8). Correlations were the same as in

the case of benzenes, regular.

In group II of motor ¢ils (Table 4, Figure 9), the intervals

Were  Agy, = 12,8 ms!, AQQF.E.G ms- Samples nos. 47 and 48 did not differ

12
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TABLE 4. Typical physicochemical propertles and velocitles of /170
ultrasounds for motor olls E—

T e g T normal "7 T e T
. Temperature (v
g I product ° "dens:LtYdlstﬂ]atlon ac1d1ty
§ ] . ! 20°C !SO“/ end o mg.KOII/I()()mI \ c]ouqu
o8 .. .8 “y ’ e , ;.1gn1tn.on freezing
TR s e T e e [T
1 motor: l * '
oil" 1] .22 0,815 | 249 . 348/98 1,5 43 | =5 | =10
a (o1l 24 0,817 | 251 ! 350098 | 15 54 1 -5 1 —10
3 . 23 0.818 jzss i 346/98 1,5 50 | =5 . =10
4 . 25 0818 | 251 ¢ 348/98 | 1,6 55 1 -5 . —10
5 . 29 0,818 ! 258 354/98 1,6 9 =5 | ~10
| ;
6 . 36 0,818 | 248+ 352/98 ! 1,6 voss Lo—s by
7 " 30 0,819 | 261 | 360/98 : 1,6 t§5 3y =5 | —10
8 . 35 0,819 257] 357/98 | 1,6 s | =5 i —10
9 " 37 0,819 | 253 | 358/98 | 1S 2 ;. —5 © —10
10 " 39 0,819 | 258 1 356/98 | 1.6 52 ( =5 1 =10
| | : !
I . 21 0,820 | 254 | 350/98 | 1.4 59 ' =5 —10
12 . 26 0,820 | 251 | 347798 1,6 ;S0 =5 0 =10
13 " 34 0,820 | 259 360/98 4 ' 55 1 =5 —10
14 " 38 0,820 | 254 0 360/98 : 1.5 Co48 0 =5 | —10
15 . 40 0,820 | 259 - 3G0/98 . 1,6 S4 ¢ =5 i =10
t “ ‘ I
16 " 3l 0,822 | 261 i 358/98 £,5 54 ' -5  —10
17 wo b3l oaa fass ! 3sams | 1S .53 . =5 ! =10
|18 . 32 0 0823 | 257 358/98 1,5 o6t =5 b o—y0
19 " 28 0825 | 262 360/98 16 57 . =5 1 =10
20 . 27 | 0826 ' 266 . 360/98 | 1,7 sy b o5 bo—q0
21 ‘ ! i o

1l 47 0,814 . 248 350/96 1.5 48 =5 —10
22 . 48 0815 | 247 1 35090 1.5 ro47 0 =5 ' =10
23 . 46 0816 | 201 1 350095 | 0.20 Lo T
2% " 42 0,823 249‘ 33897 | 4,49 46 :

25 . 44 0,824 | 248 | 343/98 . 4.7 57 !

26 . dan ) osa lasi g asopm 6.7 49 ",

27 " 45 ' 0825 | 2431 313/97 | 6,1 v58 :

28 . 41 ¢ 0,825 ' 245 350/98 4,8 SECER —27
29| ' , !

1 49 | 0831 {274 ¢ 338/96 - 29 T T S £
30 . SO 1 0834 1267 332/96 2.5 Y —101 =I5
3l ' : | ! :

- 1V, s : 0,858 2244; 291/90 | 29 .72 . =35, —45
. Vi ss 1 0799 1202 | 288798 ! 049 S0 =25 =35
;33 . | 86 | 0806 | 206 285/98 | 0,90 © 46 i =35 —35
[ 34 . P53 0,815 | 230 | 318/98 | 3,36 boas §—36
b 35 . L 54 ‘ 0.818 | 241 | 335098 | 4.20 42, =37
i { ; | : !

i36 | | o ! | :

VI 58 1T 0816 | 241 | 345/96 | 0,40 59 ;=30
| 37 " 59| 0816 | 242 l 34596 0.48 L6l —17] =30
}33 . , 57 | 0,817 244¢ 150;9()] 0,60 ol l i =30

i ]

u‘OCII'I\DI‘E. Samp]es nos. 57 58 and 59 have the te:merature of
_blockage of cold, "£i1ter -180°C; (the ‘standard blockage témperature
for oil V is -20°C.
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TABLE 4 (continued)

e b

coke | of sulfur
70 %
T T
!
I o4
; 0,18
[ 0,16
| 0,18
0,24
i 0,34
; 0,20
t 0,18
; 0,32
0,21
0,16
f 0,20
; 0,19
{ 0,30
! 0,19
0,22
: 0,19
0,30
0,48
0,43
' '
0,18
0,22
0,020 | 0,52
0,012 i
0,0026
|
0,0185 -
00224 ¢
0,0290 |
0,0180 | 0.14
0,0170 0,13
0,1400 0,12
0,24
0.39
00120 0,38
0,0130 0,48
0,0400
0,0150 - 0,25
0,029 0,20

| contents

resin

mp/100 m!

o N———e e

10,0
15,0

10,0
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S P

contents of

LR

4

vei ocity of sound ms~!

[PPEN R

45,0
45,0
43,0
45,0
45,0

45,0
45,0
45,0
45,0
45,0

45,0
45,0

45,0

45,0
45,0

45.0
45,0
45,0
45,0
45,0

45,0
45,0
60.0
53,5
51,5

53,0
50.0
50,5

53,0
54,0

40,0

48.0
45,0
50,5
53,0

&tam no. ! 20°C

15

[N

1347,7
1349,5
1352,8
1349,7
1356,8

1357,3
1358,1
1355,4
1354.4
1356,3

1353,
1354,0
1355.5
1355,1
1355,8

1359,6
1359,2
1359,
1363.2
1364,4

13468
(3459
1355,3
1353,
1354,4

13587

1356,8
1355,9

1371,6
1373,9

1374,9

1313,6
1321,6
1341,1
1345,9

1342,7
1343,4
13447

I

B hm e —

[T

25°c | 0°C

16

1329,2
1334,2

1334,9

1328,2
1326,1
1337,2

1336,2

1337,6

13518
1354,9

1356,6
1295,3

1302,3

1325,3

[

|
i
i
i

S
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1309,5
1312,1
13145
13116
1319,1

1318,2
1319,7
1316,7
1316,2
1317,8

1316,7

1320,5

13188

1318,1

1334,5
1337,4

1338,0

1275,5
1273,5
1302,3
1307,4

1304,4

1304,5
1305,5
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TABLE 5.

Typilcal physicochemical properties and velocities

ultrasounds for motor oills
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|
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“
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62
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{
tﬁensxty
po20°C
0 !Stal't
1 ;
4 s
2

. 0818 ¢ 148
0819 . 170
;0819 l 163
i 0,821 ! 157
| o821 | 156
0822 {160
0822
L0823t 152
©0,823 | 165
L0823 163
0824 | 187

0826 ' 155
0826, 150
L0826 ! 157
PO0827 | 168
L0828, IS
boosar ' i
L0832l 169
o083s ‘ 156
P 0836 1065
L0836 ! 171
b 0836 180
L0837 171
| 083 C s
| :

«sC

509,

¢St

ae l

end’ 0C 20

acidity !
mgKOH;100 ml

f‘mo —— n;s

7 L8 9
38505250 MIS; 225
336 484l 291, o074
My, 503 3060 024
352 | 578, 328 038
30 1501 307, 09
46 | 527 3,19‘; 0,64
340/92 | ©327) 026
Mo . os03, 296, 102
364 | 5740 3281 196
444 os3 3020 047
36 . 516 3030 078
M2 o505 2950 076
A5 502 323 0,54
0890 5,18 3,14 0,57
346 5710 3,26, 0,69

M6 . 501 304 0,59
34/90 ¢ 572 A3 046
327190 7.58 4.2_1 0,85
324/90 7,23 402 048
365 0 816 4,320 1,76
B 1760 423 1,46
357095 8,70 4,62 0.64
3690 798 439 1,37
360/95 8,35 4,53 . 1,38

:
1

=

|

.

T

R

19

e o s s £ 0 o e



ORIGINAL P!\C&C i3

POOR QUAL
TABLE 5 (continued) OF

) Do 4’3 g 85 joontents of T i velocity ;
ke 8 'a“g&ru l carbon SR oflssgmd;
conteni:scontents /"'303) ﬁﬁ»m%%g ]a | .03 { ; n o
of su'lg:;ux?ﬁ,r%sr‘nl? 'é'&’g‘:ﬁ"“":‘ E‘, 501‘ g’?gl 20 ¢ l 30°C :
! ‘ 3 OB-QO‘H,,;_'!"’ ! PRy i !
TR Bl as i e Dt i t20 1 2 | o2
4 ! ! j ‘ ' i i } !
SR N R A
0,28 | ' (194114875 13 IS 90, 265, 62,5' 149,01 1311,1+
044 | {190 1dsg g5 36,1 or 25,1 63,91 1346,4 | 1307,9
0,32 : 199 1,4582- —12 ¢ 34,5’ 9,0{ 255! 65,5] 13454 1307,5
0,39 6,0 io,ozo' 195 | 14598, 10 . 37,0, 10| 260, 63,0 1350,0 1313,0°
038 150 00277 198, 14588; —14 | 369 100269, 63,1} 13483 13100
038 , I87! 145020 ~12 " 428, 1000 328 572 13436 1310,9
; ; ; =13 f | | F1350,8! 1312,9]
037 280 10057, 187, 1,460 —12 ' 300 1200 270. 61,0 13466} 1308,0!
0,59 | I C 187 14590 —14 { 4200 100! 320 58,0, 1350,8 1312,8
0,38 | | Pos ! nacial g 389 12,5 2641 61,01 1351,0] 13129
049 ; p 189 14608, —10 " 415 120! 29,5 58,5} 1347,9: 13102
045 | l |18 L 1d6d0r 12 3940 160 234l 60,6, 1350,7} 131351
048 | 180 0,030 192 1 14622 —12 ¢ 41,2) 125’ W7 S8 135361 1315
0,48 ] | i 193 146220 15 410" 125 a6 58.9, 135171 1313,6
047 ! § Poaosinaen  —c P38 1250 263 61,2 13551 13174,
043 j 192014620 5 L 12,50 26,21 61,3, 1351,0° 1312,
054 40 10028, 196/ 14648 —10 | 42,1] 135 286] 5790 13564 13185
0,41 ! ! { 210‘ 1,4650  —1] f 40,0 ||,o’ 29,0; 60,0' 13654] 1327,9°
0.54 | i | 205 14680, s ! 39,7[ 13,5 262" 60,3] 1366,4! 13289
097 | 330 [ 0,066 202 1146700 =3 | 422! 13,6} 2.2 57813683, 1330,8'
1,02 i f 200 | 14665 —4 | 42,0} 1201 300|580, 136541 13288
0,31 | ! ? 209;’ 14663 —4 1 44,1, 1,00 33,01 559[ 137131 13339
Lo i ? 207 | 1,4668  ~4 © 4250 115 31,0 57,5 13669 1330,1
0,98; 45,0 ioom: 200 1,4682 2 1ase IRS1 320 shd 13696 13321
i 1 ! ! i ! i ;
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Figure 8. Characteristic c¢(T) of samples; motor oil I

in their c¢(T) values, and the remaining samples were quite similar.

The directional coefficient of sample 48 was smaller than others. No
clear correlation, as in the case of benzenes, was observed. Narrow
intervals of ¢(T) values contalned in intervals corresponding to olls

group I merit speclal attention (the same producer).
/172
In the oil groups III to VII, the same regularities were observed

as in groups discussed previously (Tables 4 and 5, Figures 10 and 11).

For samples of oils V, which had different directional coefficients c(T)
from other oils, a connection was seen between fractional composition

and values of directional coefficients c¢(T). It is probable that the
presence of lower-bolling fractions 1ln olls V reduced the value of these
coefficients. The broad range of c¢(T) values enabled us to draw con-
clusions about various amounts of properties of fractions which composed

the oils.
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Figure 9. Characteristic c¢(T) of samples; motor oll 1I

Motor oils III and IV were characterized by larger c¢(T) values
than the rest, thus enabling us to distinguish them accordling to
kind. Samples of olls VI falled to satisfy the requirements of
Polish norms with respect to the temperature of blockage of the cold
filter (Table 4, Figure 10). Similarly, samples of oils VII (Tabl 1, /173
Figure 5) did not satisfy these requirements [9]. 1In both these cases,
one could observe relatively higher values of c¢(T) or lower values of
directional coefficients for samples which falled the tests. Also, the
temperatures of 50% and the end of distillation of these samples were
relatively higher. This correlation can be described, in the region
of the given kind, as follows: an increase of distillatlion tempera-
tures corresponds to increasing c(T) value or decreasing values of the
directional coefficient c(T) and increase of the blockage temperature
of the exchangeable filter.
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FIGURE 1l. Characteristic c(T) for samples of motor oil VII

3.3 Determination of denslty of fuel mlixtures

For results on analyzed compositions (Tables 6, 7 and 8; Figures
1, 2 and 3) obtained with the aid of relations (2), (3) and (4), the
relative error did not exceed plus or minus 1%. The results of
determining density of composition II (naphtha fuel--motor oil) had
the smallest errors. This fact can be explalned hy the smaller vola-
tility of the components of composition II than in the case of com-
position I and III which contained benzene. Taking into account the
temperature of the measurements (20°C) and the time required for them,
the grade of values and distribution of errors seem reasonable. For
the same reasons, one should expect that in an analysis of compositions
I and III, the errors would be much higher. Having in mind properties

of functions !, and ; expressed 1n the tendency to "straighten
(o
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TABLE 6. Calculated values CII'I(2) and measured values c;lz at temperature
20°C, according to realtions (2) for mixtures of fuefs
I--jet fuely VII~--motor oil

| , . f
i { } i ! | i 2 ~2
[ s Vi i Wy Ca ey ! ¢ 2,, 2 Lar0 " Csen n
!m i Product-; % h| msT' i omsT omor | s s 1007
N i 1 ‘ ¢ Mp
S-S A I A B S A S A A T T
3 i R ,
Ploaevi boa 990 127760 135350 5465 | 54,61 ! 0,07
P2 w1 3 97, 12776, 13535. 5478 54.63 0,27
3 w076 93] 12716 13535 5505 ' S50l 0,07
Y w10, 901 1277.6° 13535 5525 5509 0,29
|5 w0 50150, 12776 13535 5792 ¢ 5764 | 0,48
g . ot D "ol 127761 13535 60,66 . 60,47 0,31
by ! w94 6 1277.6' 13535  60.86 '  50.77 0,14
8 " . 97, 3} 1277,6% 13535 61,06 60,97 0,14
D sy | 0| b 1l nsastenlo 1 eio 0.14
101 BOS/UTO--1 ¢ 11 99 11706, 1277.61 61,38 | 61.25 0.21
LT 3| nTie) 12761 elel ¢ 61146 0.24
2 | oo bo7b e e 1216l 6207 | 6177 0.48
13 | w1100 90 117016] 127761 6242 | 6206 | 0.58
14 | " 50 S0 11716, 127,61 6705 | 66,66 0.58
15 | w9 9 NTLG 12776 7180 7099 113
A6 . ‘ 94, 6: HILG! 12776 7215 55 | 0.83
17 | . 97 3| n7ne| 12mm6] 7250 . T 0.54
18 | “ C99 1 HITL6 1277,61 72,73 72,15 0,80
19 BOS/I304VIL 1 99 11716 12N 5476 S68 . 04
20} W L3970 H716! 13535 5503 5493 | 0.36
2 | w77 93 01760 13535 5566 " 55.03 0,41
22 | w1100 90| 1716 13535 Se4l . 5598 076
23 | N ¢ |50 1716, 135380 6371 - 63,2 0,73
1 24 | o 1 9 9b niTel 13535 7120 0 70,82 0,53
25 N 94wl 11706, 13535, 70125 | 7166 012
26 | w971 3076l 13535, 7230 0 7229 0.01
27 W% Ty e, 1385066 7230 0,37

out" the form of theilr curves as a function of P and T [1,2,3 and 6],
and empirical results, one should expect smaller errors when using
higher concentrations.

The errors for relation (3) were the highest. The smallest errors
were obtained when using relation (4). This relation is the simplest
and, by the same token, th2? most desirable one for this type of appli-
catlon. In this case, one avoids propagation of errors of "c¢" measure-
ments and the error of determining »¢”. Undoubtedly, when using the
current method of measuring the velocity of ultrasound, one can reduce
errors by merely changing the thermostatic conditions of the samples, élzg
to avoid loss by evaporation of volatile components. Also, a statisti-
cal analysis (Table 6, consecutive nos. 15 and 16) should reduce errors.
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TABLE 8.
ture 20°C, according to relation (i),

and measured values °mp at tempera- /1

Calculated values cMO
for mlxtures of fuels.

Wl e e e

o , T
- V, e [ ' ¢
10, YO A " A ] MO ! CaoCoarr o
| 1. E;MZt_» J ' Ya o msT! : s i Jnm“' jomsT! ! Care 100z
T o al s 0 6 72T gy 9
t i ' '

I BRI { Ll 99 127760 135355 13527 1353,2 0,03

2 " 3,971 el 13sst 13502 [ 13520 ¢ 0,13

3 " , Tho93 127760 13SXST 12 | 13483 0,01

4] " 101 901 12776l 135Ns! qaas9 | a7 0,09

5 w5080 , 1277,01 135350 13155 132 ! NI
6 w90 9 277,6) 13535 12844 [ 1286.0 010 |
|7, " 94 6 1277,61 135350 a2 | gasalg 0,05 !
8 ! w97l 3 el 1SS e 1280,7 006 i
9! w9 U a97l6) 13535 1278 12793 | 0,07 |
10 B9s+i | ] 99 HI7L6: 1277,6° 12765 ¢ 12778 0,05 1
I w30 9T HTLG! 1277,60 12744 L 12756 | 009
12 Wb 7haa] el amres 2702 | a2 o0
13 " ] 0] 90| 171,60 12776 1267,0 | 12694 009 i
14 w500 500 170G 2776 12240 l 1224.8 002 !
15 w9 9 TG 12776, 1181 1186,9 049
1o " o4 61 1716, 1277,60 1780 . 1822 035
17 w1970 30 nnel aammel s 1 17 024 !
18 N I N N RN TE TR Aoy BT 1773 0,39

19 | BOSVIL |11 991 11716 11355[ 13517 , 13524 0,08

20 I L PoHznel nass!t 1348 {13493 0,09

2t ! " 70 930 NTL6] 1355 1308 | 13407 0,01

22 | w107 90 l H70L60 113555 13353 & 13366 0,09
23 w800 500 HTL6) 113SST 12625 12574 0,41

24 w9l ’ 90 17161 11355 11880 88,3 002 |
25 no ] b6 HGl tass, nsas o sy 0,10

26 " 971 3 n7ne! 1sss' o o r7en ! 0,08

27 | A R R R IR IR 135,50 11734 g 1753 0,10

i 1 i

The linearity of the appliled relations as a function of the concentra-
tion of components of the analyzed mixtures, within the 1limits of given
errors, allows one to conclude that at the temperature 20°C no signifi-
cant assoclation-solvation effects occur (Figures 1, 2 and 3). Such
effects would 1limit the application of these relations for a quantita-
tive determination of the mixtures of fuels or fuels and oils.

4. SUMMATION

a) Measurement of the velocity of ultrasounds as a function of
temperature, performed by the method developed at the Aviation Insti-
tute, enables a fast qualification of fuels, i.e., allows to distinguish
and define the types: benzenes, jet fuels, motor oils and kinds of fuels.

b) A correlation was found between the veloclity of ultrasounds and:
the density of products, their bolling ranges, freezing temperature,
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clouding temperature and the temperature of blockage of cold filter.
In this connection:

- there 1s a possibility of qualitative evaluation of fuel with
respect to 1ts compliance with requlrements of the norm con-
cerning bolling temperatures in normal dlstillation;

- there 1s a possibility of qualitative determination of the
compliance of motor oils with norms with respect to freezing
temperature, clcuding temperature and temperature of the
blockage of cold filter.

¢) It was found that there 1s additivity of the velocity of ultra-
sounds and its relations, as a function of concentration, for mixtures
of fuels of various types, particularly in the form of c¢(V) relation;
it enables a fast measurenent of the contents of components in two-
component mixtures:

benzene - Jet fuel

benzene - motor fuel

Jet fuel - motor oil

This determination requires only the measurement of the velocity
of ultrasounds at one temperature for components and for the sample.
For mixtures with known and repeatable qualitative composition, the
quantitative analysis reduces to preparing a model curve and then only
to determining the velocity of ultrasounds for samples of unknown quan-
titative composition. The obtained accuracy of *0.5% could be sub-
stantially improved. There is a possibllity of developing a continuous
method for the control of quality and impurities in standard fuels,
lubricating and hydraulic oils, and of theilr components.
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