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INTRODUCTION

Liquid oxygen in aircraft life support systems is often suspected as a

possible cause of physiological incidents. This is because liquid oxygen

becomes enriched in contaminants as it evaporates due to its higher vapor

pressure. Contaminants are present in liquid oxygen due to purification

limits of the process of manufacture and due, in some instances, to their

introduction during transfers. Thus the physical properties of liquid

oxygen suggest that contaminant buildup is posslbli, if not likely.

Laboratory analysis of liquid oxygen samples taken from converters of

twenty two operational aircraft resulted in contaminant levels which

failed requirements for storage tanks in only three of the converters. 1,2

(Acceptable contaminant levels have not been established for converters

because samples are not routinely drawn from them.) The results were not

unexpected considering transfers during the servicing process and the

higher evaporation rate of converters which favor contaminant increase.

The existence and nature of contaminant trends in converters of operational

aircraft are difficult to determine due to the irregular exchange of liquid

oxygen which results from varying schedules of pilot demand and converter

1 Taylor, E. L., "Analysis of ABO from Aircraft Converters," SFQLC

Technical Report on SF0L Project 77-3, 18 May 1977.

2 "Quality Control of Oxygen Propellant Liquid Oxygen, Aviator's

Liquid Breathing Oxygen, and Aviator's Gaseous Breathing Oxygen." TO

42B6-1-1, 31 Jan 77
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servicing. (During operation, demand placed on the converter by a pilot

r1,.ult,. In liquid oxygen being drawn from the converter to be subsequently

vaporized for respiration. Liquid oxygen is replaced by servicing the

converter as required.) The difficulty is compounded by the unknown level

of contaminants in the oxygen serviced to the aircraft. Though storage

tanks are analyzed periodically, the servicing trailers used are not. Also

the liquid oxygen in a converter is not readily traceable to the trailer used

to service it.

A study was planned in which variables affecting contaminant trends could be

measured and controlled so that some insight into such processes might be

gained. At that time the contaminant levels in the converter were considered

to be solely dependent upon the addition of contaminants with the servicing

of oxygen, concentration of contaminants caused by selective evaporation, and

removal of contaminants by placing a demand for liquid oxygen on the converter.

By effectively eliminating demand, one of the processes which removes con-

taminants, it was thought that a worst case for contaminant levels could be

studied. Accordingly, a study was performed by the Aerospace Fuels Laboratory

at MacDill AFB FL in which a converter kept in the laboratory was periodically

analyzed for contaminants. Additions were made on a regular basis with liquid

oxygen of known contaminant concentrations. No demand was placed on the con-

verter other than that of sampling. The following paragraphs present some

observations and analysis of this study.
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EXPERIMENTAL

A 10 liter capacity aircraft converter was used in this study. It was

kept in the laboratory except when taken to the storage tank for filling.

No demand was placed on the converter except for the small amount drawn

for analysis. The duration of the study was approximately 5 weeks.

During this time the converter was filled with liquid oxygen on Mondays

and Fridays and was never allowed to become empty. The converter was

weighed and samples drawn from it each day except Saturday and Sunday.

Samples were also drawn before and after filling on Mondays and Fridays.

Converter samples were drawn from the line which would normally supply

the aircraft system. The storage tank was sampled following each filling

of the converter. Samples were analyzed using an infrared spectrophoto-

meter.
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LINEAR REGRESSION
CONTAMINANT INCREASE

Data was analyzed using the method of least squares. Data points

analyzed are shown in Figures 1, 2, and 3. The expression C = aVb

was used in the analysis. C is the concentration of the contaminant,

V is the volume of liquid oxygen, and a and b are constants. The con-

stant a represents the concentration of the contaminant when 1 liter of

oxygen remains. It is dependent upon the initial concentration. The

numerical value of the constant b is an indication of the volatility

of the contaminant and is dependent on the contaminant analyzed. A

value of b = I indicates that all the contaminant remains in the liquid

phase and none is lost through vaporization. Decreasing values of b

relate to increasing volatility of the contaminant.

The data on carbon dioxide is presented differently than that of methane

and Freon 13 because the values were much more random and one set of

data was not readily distinguished from another. Sets of data from

single fillings of the converter which resulted in 5 data points were

analyzed and the following equations resulted.

26 Mar 79: C = 1.017 V"

2 Apr 79: C = 2.036 V 0 . 9 940

9 Apr 79: C = 6.303 V_ '. o2

16 Apr 79: C = 7.286 V"

23 Apr 79: C a 3.865 V l 74 1

5



All data points shown in Figure 3 were analyzed and the following

equation resulted: C = 2.678 V
"I1 135

The dashed lines illustrate the limits of prediction. We can say with

a probability of 0.99 that if another sample had been drawn and analyzed

during the study, the carbon dioxide value would be within the limits

described by the dashed lines.
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LINEAR REGRESSION
EVAPORATION RATE

The data analyzed for contaminant increase in Figures 1 and 2 was also

analyzed for evaporation rate. Data and results are shown in Figure 4.

Values for day 0 were not included in the analysis because apparently

the converter was not at thermal equilibrium. The expression V = et + f

was used in the analysis. V is volume in liters, t is time in days, and

e and f are constants. The constant e represents the evaporation rate.

The constant f represents what would have been the initial volume if

oxygen had been added which was in thermal equilibrium with the converter.

7
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MATHEMATICAL EXPRESSION

If it is assumed that the rate of contaminant loss due to normal eva-

poration in liquid oxygen is directly proportional to its concentration,

then

The total quantity (q) of contaminant lost is related to its concen-

tration and the volume of liquid oxygen.

q = CV - CV k2)

Differentiation of (2) yields

dq =-CdV - VdC (3)

If it is assumed that the rate of loss of liquid oxygen from a system

in an environment with stable conditions is constant, then

dV I

't V

dt = k2dV (4)

Substitution of (3) and (4) into (1) yields

- CdV - VdC
= C(5)

Separation of variables 
yields

dC dV
(k 1k2 +1) C v (6)

Integration yields
In C = - (klk 2 + 1) ln V + In a (1)

which may be written b
C w aVb b  (8)

where b = tklk 2 + 1 "



DISCUSSION

Contaminants such as methane, Freon 13, and probably carbon dioxide

increase in concentration during dormant storage as described by equation

(8). The b values of greater than I for Freon 13 and carbon dioxide

were puzzling. They indicated that the total quantity of contaminants

in the converter increased during the dormant period. The value for

Freon 13 may be a result of the low levels of the contaminant analyzed.

The value for carbon dioxide as well as the randomness of the data may

be a result of the proximity to the solubility limit.

Contaminants were expected to increase during the 5 weeks of the

study because of the "no demand" condition placed on the converter.

The preferential evaporation of oxygen was to cause contaminants to

accumulate. This did not occur. Data showing the total quantity of

contaminant in the converter was plotted along with data showing the

concentration of contaminant in the storage tank. See Figure 5 and 6.

The contamiiiants in the converter decreased following addition of

better quality product to the storage tank between 2 and 6 April. This

unexpected result was probably due to the effect shown in Figure 7.

Apparently some purging of the converter occurs during filling. The

curve charts weight of oxygen in the converter vs the elapsed time of

filling. The purging effect may be explained by the fact that the

converter is maintained at a higher pressure (70-90 psig) than the

storage tank (30-35 psig). These pressures equate to equilibrium

temperatures of about -2560F for the converter and about -2750 F for

the storage tank - a difference of 19 F° . Additionally, the vent

9



valve of the converter is open during filling which means that the

liquid oxygen will boil away to attain its boiling temperature at
0i

atmospheric pressure or -298°F. Figure 4 demonstrates that the con-

verter was below Its equilibrium temperature after filling - the loss

of oxygen between day 0 and day 1 was much less than the rate during

the remaining days. The incoming colder liquid oxygen and the boiling

necessary to attain temperature relative to atmospheric pressure must

cause conditions which remove high boiling contaminants at a higher rate

than expected.
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FUTURE WORK

a. More significant data may be obtained by repeating this study

with liquid oxygen which has higher levels of contaminants - especially

those with a b value near 1. The data of Figures 5 and 6 show that

the Freon 13 did not decrease to a steady state as the methane did

following the filling of the storage tank. This suggests a lesser

tendency for Freon 13 to be purged from the converter. However, the

level of Freon contamination was so low that it is difficult to place

much significance on this data. It would be appropriate to develop

data on this and other high boiling contaminants nearer established

use limit values.

b. A similar study should be accomplished on a liquid oxygen

servicing trailer used to service aircraft converters. These trailers

are stored at atmospheric pressure and should not demonstrate the same

purging effect seen in the converter. Such a study would determine

the need for quality control requirements on these trailers.
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Methane in Storage Tank (ppm)
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Freon 13 in Storage Tank (ppm)
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