





(2) Det: information on the more radiation-resistant oils iowing the separate and

corr | effects of various nuclear and nonnuclear environments.

RELATIVE RATING OF AVAILABLE TURBINE OILS

Most of the work in which the author has been involved has been directed toward the rating
of the various available turbine oils relative to each other.

As a part of this work, a series of irradiations have been conducted at the Nuclear Aircraft

Research Facility, Convair-Fort Worth, on three representative aircraft turbine oils.

The oils are
identified as follows:

(1) A typical, high quality, sebacate base oil which meets the spccification MIL- L-7808C.

(2) A complex ester-type o0il considered to represent an intermediate (unwritten) specification
between MIL-L-7808 and MIL-L-9236. This oil is identified as GTO-790.

(3) A light ester oil of a type qualified to MIL-L-9236B further identified as GTO-915.

The three oils are known to contain various property improvement additives, the amounts and com-
position of which are considered proprietary.

The irradiations of these three oils were conducted with the oil circulating in a Dynamic Test
Loop located adjacent to the Ground Test Reactor. A static sample was irradiated simultaneously in
a separate reservoir located inside the Dynamic Reservoir in each case. Three irradiations, one on
each oil, were conducted with conditions held as nearly constant as possible. The bulk oil was main-
tained at approximately 300°F. A common dose rate of approximately 4.1 x 108 ergs/g (C)-hr gamma

dose and 8.1 x 109 n/cmZ2-sec (E>2.9 Mev) neutron flux was maintained. FEach irradiation was
approximately 20 hours in duration.

Figure 1 is a block diagram of the Dynamic Test Loop used in these irradiations. The
components consist of a 7-gallon reservoir equipped with immersion heaters and cooling coils, an
electric motor-driven oil pump, a 60-micron filter, a pressure relief valve, a restrictor valve, and
plumbing necessary to construct a closed loop. It was not intended that the Dynamic Test Loop

simulate an aircraft engine - whichit certainly does not. The purpose of the loop was to provide a

simple means of imposing thermal stress and shear on a lubricant simultaneously with exposure to

reactor irradiation. It is felt that property changes under these conditions were more realistic than
those established in static irradiations alone.
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FIGURE 1. BLOCK DIAGRAM - DYNAMIC OIL-IRRADIATION RIG

Variations in damage between static and dynamic irradiations were more pronounced for the
MIL-L-7808 than for the other two oils, but were evident in each case. In addition, separate sarmrr
of all three oils were circulated in the test loop for 20 hours in the absence of irradiation, and nc
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response. Figure 6 shows the 5ing rates for the three engine oils. Gassing data were obtained in
separate experiments not utilizing the dynamic oil loop. The technique consisted of monitoring
temperature and pressure in sealed irradiation containers. Classic, ideal gas formulae were applied

to reduce the data to [P. The evolution of gas from an oil appears to be a linear function of absorbed
dose when dose rate is constant.
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FIGURE 6. GAS EVOLUTION VS. RADIATION EXPOSURE

PREDICTING RADIATION DAMAGE

We have seen in the preceding tables and figures some of the ways in which exposure to reactor
irradiation may affect aircraft turbine oils. As new oil classes are developed, similar irradiation
will be conducted to rate the various oils relative to one another. It should be emphasized that at
present these data cannot be used for other than comparison purposes.

Data obtained in test fixtures must eventually be evaluated on only one basis: that is, whether
or not the data aid in a prediction of the lubricant's behavior in its intended application. The data
presented in this paper will probably be deficient in this respect for at least two reasons:

(1 The dynamic test loop was not correlated with any specific application. The author
knows of no instance in lubricant testing where a single test rig has been correlated
with an aircraft turbine engine. It is therefore assumed that this limitation will be
present in any screening program short of full-scale engine testing.

(2) It has been established that radiation-induced property changes in an oil cannot be pre-
dicted on the basis of the total accrued dose alone. The dose rate, test temperature,
and the presence of other oxidation or shearing forces must also be considered.

Figure 7 shows the extent to which different dose rates may affect radiation damage

to MIL-1.-7808. This figure is a plot of acid number versus total accrued gamma dose
for irradiation at three different dose rates. It is obvious that acid build-up is related

to factors other than total dose, such as dose rate. Data for F 1ire 7 were obtained in
three irradiations in the Dynamic Test Loop described earlier. TIhe irradiation described
previously for comparison with GTO-790 and MIL-1.-9236 is represented in Figure 7 by
the intermediate dose rate.

Figure 7 shows only the importance of dose rate in radiation effects. A temperature
dependence and an interaction between temperature and dose rate have also been
observed(4), Therefore, in order to predict property changes in an oil exposed to nuclear
radiation, one must consider at least the dose, dose rate, the test temperature, and the
extent to which oxidation and shearing forces are present.
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