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SUMMARY
Measurements of sound wave velocity and density in four irradiated lubricating 
liquids have been made. From the measured velocity and density values adiabatic 
compressibities have been calculated.

INTRODUCTION

The advent of nuclear technology has added nuclear radiation to the list of enviro- 
mental factors such as temperature, pressure, etc. under which lubricants must work. 
The effect of the nuclear radiation is very significant because lubricants vary a 
thousandfold in their ability to survive the effects of the nuclear radiation.

Although some studies on the radiation effecx. on several physical quantities of lub­
ricating liquids (l, 2, 3S 4, 5) were reported in the literature, to our knowledge 
nothing dealing with the nuclear radiation effect on the adiabatic compressibility 
of liquids has been published.

İn this work, at room temperatures, measurements of sound velocity and density in 
irradiated MS200 Û .65 cSt, MS200 10 cSt, MS200 100 cSt, and Di-iso-butyl-
phthalate have been made, and adiabatic compressibility values were calculated.

EXPERIMENTAL PROCEDURE
The adiabatic comoressibility " ft " values of liquids were calculated using the' 8
equation;

P s
1

P.G2 (1)

where P , is the density, and C is the sound velocity in the liquid (6). The 
experimental technique used to measure the sound velocity depends upon the measu­
rement of the total phase shift of an ultrasonic wave through a known liquid path(7) 
A short modulated pulse of high frequency is propagated through a known liquid path 
the reflected pulse from a reflector is compared with a same frequency signal used 
a reference. By adjusting the frequency, signals may be made inphase and the sound 
velocity can be obtained in terms of the in-phase frequency, liquid path length 
and n, an integer which shows the number of sound wavelengths in the liquid path.

The densities of the liquids were measured by determining the weight of the liquid 
occupying a 10 cc Grade volumetric flask at the temperature of measurement.

1



b. Sound. Velocity Measurement

Sound velocity measurements in the liquids in the temperature range of 20° — 30° 
have been made. The main uncertainty in the sound velocity measurements arises from 
the 1 0.1°C error in the temperature determination which causes İ 0.035$ error in 
the velocity measurements. The error in the sound velocity which comes from the 
uncertainty in the liquid path is about i 0.03$. The -uncertainty coming from the 
radiation dose rate measurements is less than + 0.004$. The error arising from the 
electronics system is negligible. Therefore sound velocity measurements were correct 
better than İ 0 .07$.

It was found that velocity of sound decreases linearly with increasing radiation dose 
within the experimental error.

c. Density Measurement

Density measurements between 20° and 30°C were estimated to have an accuracy better 
than İ 0.01 per. cent. It was found that density, at small amounts of radiation 
increases linearly with radiation dose. The rate of this increase decreases with 
rising radiation.

d. Temperature Measurement

The temperature of the liquid was measured with a thermometer with 0.1°C divisions. 
This thermometer was calibrated by the Calibration Institute in Wertheim, and it is 
estimated that the temperature measurements are correct to within İ 0.1°C.

e. Irradiation Processes And The Irradiation Measurements

The liquid samples (approximately 50 cm^ ) quantities were irradiated up to the 
"gel" point using a Co^° source in the Çekmece Nuclear Research Center. The samples 
rotated around the source planetarily and received a dose rate of 2900 Rad/min. Radia­
tion dose rate was measured using a chemical doseraeter and it was estimated that ra­
diation dose measurements are correct within ± 0 .5$. Which causes less than 10.004$ 
uncertainty in the velocity measurements and less than, İ 0.002$ uncertainty in the 
density measurements.

CALCULATED ADIABATIC COMPRESSIBILITY VALUES

The calculated adiabatic compressibility values of the liquids are given in Table-1

The uncertainty in those values is less than İ 0.15$. The adiabatic compressibility 
of the silicone liquids decreases linearly with increasing radiation dose. The change 
in the adiabatic compressibility by temperature are not aporeciably affected by radia­
tion dose.
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