
NOTATION 

P, pressure; A, amplitude of the concentrator displacement; f, frequency; I, energy in- 
tensity of the ultrasonic oscillations; d, inner diameter; A, wall thickness of the capil- 
lary tube; ~*, magnitude of the effective gap; p, density; ~, coefficient of dynamic viscos- 
ity; c, speed of sound in air. 
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SPEED OF ULTRASOUND IN WATER OVER A WIDE RANGE OF 

PRESSURE AND TEMPERATURE 

A. M. Mamedov UDC 534.22 

Experimental data are used to derive a formula for determination of the speed of 
sound in water over a wide range of state parameters. 

The speed of sound in water was studied over a wide range of temperature and pressure 
in [i], which presented its experimental results in the form of a table for the pressure 
range of 3-30~ at pressures to 70 MPa, and from 75 to 374~ for pressures to 50 MPa. As 
the authors noted, the method proposed therein allows determination of the speed of sound in 
water with quite high accuracy. 

The present author has attempted to use the experimental data of [i] to define the speed 
of sound in water as an analytical function of temperature and density. 

The speed of sound in liquid n-alkanes [2] has been described by a formula 

�9 r 

u = :l~ -i- B (p - -  ps). ( 1 )  

Tests showed that the speed of sound isotherms in water as a function of (0 --0s), ac- 
cording to Eq. (i) for ii isotherms (0, i0, 20, 30, i00, 130, 150, 200, 250, 300, and 350~ 
presented in the study, were straight lines. The p values for these isotherms at correspond- 
ing pressures, presented in Table i, were calculated from the equation of the isotherm [3] 

pv  = 1 + B p - F  Ep-  4 ( 2 ) *  
RT 

It should be noted that the specific volumes calculated with Eq. (2), as is evident from 
Table 2, agree quite well with the tolerances of the International Table for water and water 
vapor [4]. 

The saturated water densities were taken from [4], since Eq. (2) does not provide the 
required accuracy for Ps at high temperatures. 

Commencing from the linearity of the isotherms, according to Eq. (i), the least-squares 
method was used to find the speed of sound values u s ' for saturated water and the acoustical 
coefficient B for all ii isotherms. 

Considering the complex form of the curves u s ' = f(t) and B = ~(t) shown in Fig. i, it 
was necessary to employ polynomials for their description with satisfactory accuracy. These 
polynomials are easily solved by a Horner type Zait i system. Seventh-order polynomials were 

*For water, R m 4.6151 bar-cmS/g/deg. 
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Fig. I. Speed of sound in saturated liquid Us', m/sec ( a )  

and acoustical coefficient B, m~/kg*sec (b) versus tempera- 
ture~ ~ 

TABLE 3 .  

for Water 

i=7 i=7 

Coefficients of Polynomials u~ = 2 a~t; and B = 2 aill 
/=0 f--=0 

C oef f i -  us 8 C o e f f i -  us B 
c i e n t  c t en t  

a o 

n 2 

140000.10 - z  
455419. I0 - s  

- - 364378 .10 -v  
- -688889 .10-  i~. 

35900.10-  4 
25707.1 O- s 

- - 3 6 5 6 6 . 1 0 -  s 
37876.10-1o 

G a 

a6 
a 6  
G? 

945556.10 -Lo 
- - 5 1 6 8 8 9 . 1 0 - - 4  

118222.10 - l *  
- -104127.10  -19 

- -23756-10-12 
83556. l O- Is 

- -15289-10 -17 
l 1175. I0- -~176 

TABLE 4. Parameters of Maximum Speed of Sound 
in Water 

e l  

MPa 

10 
20 
30 
40 
50 

~, eC 

77 
78 

82 

Umax, 
m/~c 

1576 
1596 
1516 
1634 
1653 

P. bar t, ~ ] "max' m/sec 

83 1671 

1705 
1728 
1739 

obtained, since u s ' and B values for eight isotherms from 0 to 350~ in 50~ steps were used 
to calculate them.. The values of the constant polynomial coefficients are presented in 
Table 3. 

Table 1 compares the values of the speed of sound in water calculated with Eq. (I) with 
the experimental data of [1]. As is evident from the table, Eq. (I) describes the values 
with a high accuracy, the maximum deviation from the experimental data being 4 m/sec (-0.2%), 
which is completely acceptable for engineering calculations. 

Tests revealed that the polynomials for u s ' and B constructed from Fig. la,b every 5- 
i0 ~ over the temperature range from 0 to 350~ have no wave-shaped segments. Thus, Eq. (I), 
as is evident from Table i, also gives correct results for intermediate temperatures (i0, 20, 
30, and 130~ 

It should be noted that the expression for the speed of sound may be obtained from dif- 
ferential thermodynamic relationships and the equation of state chosen here, Eq. (2), but 
will be nonlinear in density. Therefore, the formula used here, Eq. (i), is of an approximate 
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character, but its value lles in the fact that within the state parameter limits considered 
it transforms a nonlinear dependence into a linear one. 

It should also be noted that speed of sound values can be calculated with Eq. (i) up 
to i00 MPa. 

It is to be expected that such extrapolation is Justifiable, since for n-hexane* Eq. 
(I) is valid to ~40pcr, for water, the corresponding limit is an order of magnitude lower, 
being only ~4.5per. 

It is known that the speed of sound in water at all pressures shows maxima. Our studies 
show that up to i00 MPa these maxima, as may be seen from Table 4, are located in the tem- 
perature range of 75-88~ 

NOTATION 

u, speed of sound; Us' , speed of sound in saturated liquid; B, temperature dependent 
acoustical coefficient of Eq. (i); p, density; Ps, density of saturated liquid; p pressure, v, 
specific volume; T, absolute temperature; B and E, temperature-dependent coefficients of Eq. 
(2). 
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