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THE AIR CONTAMINATION PROBLEM

The observations of the flight crews constitute the first evidence of the
existence of the problem. They have repeatedly reported presence of smoke and
odor in the occupied compartments of the airplane.

The XB-52 airplane flew a series of flights between October 19, 1953 and
November 2, 1953 with the J-57-P-l engines installed. The airplane had also,
installed filters in accordance with MCR 66 such that all cabin conditioning
a2ir entering the forward compartment was filtered. The flight crews were
requested to make a series of observations each flight in order {o obtain
gualitative data regarding the cabin contamination picture.

Several items should be noted:

1. '"The odor invoived permeates the nasal passages of the men, their clothing,
oxygen masks, cabin liming, etc., and lingers for a substantial period

time after exposure occurs.

2. The possible toxic effect of the contamination is still unknown. 4s a
result, except for specific instances, the crew used 100% oxygen throughout

all flights and made their observations by removing their masks for a
moment or HWo.

3. ‘The installation of the MCR 66 filter units undoubtedly had an effect on
the degree of contamination observed. Ii is probable that this effect would

be mere obvious with smoke than with odor.

4. Just prior to Flight 73, the air conditioning system in the airplane was
revised such as to obtain cabin heating air from the discharge of the first
heat exchanger pass rather than from the upstream side of the heat exchanger.
A restrictor was also installed in the line to reduce the flow during

high engine power operation.

' Figure 13 shows a tabulation of pertinent remarks and observations of the
flight crews during this period of testing. The following resume' could be

made:

1. The appearance of contamination with the J-57-P-1 engine is much more
consistent that with the J-57-P-3 engine. On this series of flights,
odor and/or smoke were observed on all flights; while earlier testing with
the J-57-P~3 engine had a substantial number of flights with no contamination

reported at all.

2. The contamination level appears to be lower with the J-57-P-1 engine than
with the J-75-P3 engine. This, however, might be the effect of the MCR 66

filters.
CALE ' REVISED | DATE
:;;;x ' - B-52
THE AIR CONTAMINATION PROALEM
APPD D-11,766
ALED BOEING AIRPLANE COMPANY PAGE
SEATILE {4, WASHINGTON 232
BAC %73 D-R3

2~



3. Smoke or haze is reported on only a few flights with the J?57-P-l while
it was reportedly frequent with the J~57=-P-3 engine. This could definitely
be an effect of the MCR 66 filters.

i From flight 73 and on, the contamination level was definitely reduced from
that experienced during the earlier £lights. This is probably the rssult
of lower heating air temperature and flow with an sccompanying increase in
effectiveness of the MOR 66 filters.

5. In most instances, the worst contamination was noted immediately after the
air conditioning system was first turned "on". The contamination then
reduced to a lower level and appeared to remain i:here for a1l or most of

the {1light.

6. Obvious increases in the contamination level were noted during changes in
engine power conditions but each time the level returned, within a few
minutes, to approximately the earlier stable level.

7. The colder the temperature of the supply air to the compartment the more , |
tolerable was the contemination level.

The inflight observations tabulated in Figure 13 are those of six men, only
two to four of whom were in the airplane at one time, and only one of whom was
in the airplane on all flights and reflect the concensus of opinion of the créw

for each flight.
Flight Test Sampling

Figure 1} shows the compilaticn of carbonyl content .data taken during flight in
the XB-52 with the J57-Fl engines installed.
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THE FILTER DEVELOPENT PROGRAM

b avoid confusion, it is probably advisable 4o define the generic term
"Filter®. Within the scope of this program, a filter is considered as any
decontaminating unit which will purify engine bleed air to the point where it
is suitable for cabin air conditioning.

Several considerations are important in determining the best attack in develop-
ing a filter. First, the conditions ounder which it must operate. In the B-52
three different locations are potentially available for filter location. These
locations differ in filter environment with respect to Pressure, Temperature,
Volume, Fiow and effect on system design. Figure 15 has been prepared to
assist in demonstrating these differences and their influence on selection of
suitable filter systems. The upstiream location with its maximum possible
temperature of 720°F presents numerous problems rendering it umusable for any
type of filter other than high temperature particulate and catalytic filterse
However, this location demands minimum system change, is free of icing problems,
has relatively low volume flows and is least sensitive Yo pressure drop. It is

therefore very worthy of study. -

The midstream location between the ram and blower heat exchanger with its
relatively short temperature range and freedom from icing presents possibilities
for a larger number of filter types but would require some system redesign. It

is also worthy of study.

The downstream location has several serious problems with very few advantages.
The temperature range is greater than midstream, icing becomes a serious problem
without extensive redesign or maintenance of 35°F minimim control, volume flows
are maximum and pressure drop is most critical. With extensive redesign some

of the filter types could be applicable.

The second major consideration in planning of a Tilter concerns the physical

and chemical nature of the contaminants to be removed. From a study of the oil
used and its oxidation, it is considered that all of the contaminants will
exist in one of three possible physical states.

1. Particulate matter - discrete particles suspended in air (Aerosols).
This would include:

a.. Aerosols of unchanged cil. :

b. Aerosols of decomposition prodicts (high molecular weight) and

¢. Aerosols of polymerized low molecular weight, oxidiation products.
2. Condensable vapors - Decomposition products which are wvolatile at the
existing temperature. These products can become aerosols at lower tenp-
eratures where a change in state will occur. .

3. Noncondensable vapors ~ Carbon monoxide only.
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The chemical nature of the contaminants will be discussed in detail later.

It is sufficient here to indicate that the materials in question are without
doubt numereus and complex and vary from essentially inert and stable compounds
to materials of highly reactive labile nature. One specific material tri-cresyl
phosphate contained within the oil is recognized as a progenitor of materials

capable of deactivating many catalytic type filters rapidly.

Returning now to Figure 15 we find that, except for the “coffin corner conditiong
of descent from high altitude at low power, only high molecular weight materials
having a very low vapor pressure could exist as particulate matter in the
upstiream position. Here then particulate filters or electrostatic precipi-
tators whith will only remove particulate matter fall far short of the described
goal of a filter. Physical absorbtion media such as activated carbon would also
be eminently unsuccessful due to the fact that the temperature can be sufficiently
high to cause the carbon to burn and under nearly all conditions the retentivity
would be close to zero. This then leaves only one real practical soluiion,
catalytic filter beds whieh will cause the organic compounds to be oxidized

to carbon dioxide and wateér.

Careful selection of catalysts must be made to eliminate the problem of de-
activation and to insure complete combustion throughout the entire temparature rarge|
from 300°F to 720°F. The use of a particulate filter upstream of the catalyst

bed appears desirable to prevent coating of the catalyst with particulate matter
particularly at low temperatures. Promising results are being obtained in this

study.

At the midstream location many of the materials which would have been velatile
at the upstream.location sheuld change state and become particulate matter,
here, than a particulate filter becomes much more valuable. However, at the
higher temperatures possible the contaminant vapor pressure may be expected to
be high. Under these conditions physical absorbants would alsc be expected to
be relatively inefficient. However, carbons impregnated with certain metal
conpounds and processed with heat become quite efficient as catalysts in this
temperature area. Suchcarbons are called Whettlerites. Their efficiencies
could be expected to drop at the maximum temperatures. Therefore a composite
filter consisting of a high capacity particulate filter, Whettlerized carbon
and activated carbon could be predicted as having an excellent opportunity of
success. Certain of our data verifieés this.

Another possibility in the midstream location is a iiquid scrubber similar to_,
those used industrially. This has not been explored yet. '

As previously mentioned the downstream location can with redesign be adapted to
numerous filter types. Water removal te prevent filter icing appearsto be a
major preblem. Solution to this would allow a composite filter such as that
described for the midstream location to be used effectively. A particulate
filter or an electrostatic percipitater alone would be effestive only if the
air temp. were reduced to approximately O°F prior to filtering, Maintaining

a 35°F to LO°F control can mrevent dcing and would probably provide &
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satisféctozy temperature renge for use with a8 particulate filter and activated
carbon. This would of course demand increased cooling requirements for heat
rejection and some post heating system for heating.

In this location alse, liquid scrubbing is possible but has not been explored.

Since we have now defined briefly the principal considerations involved in
approaching the problem of filter development, we should direct our attention to
sources of knowledge and materials available for arriving .at a suitable fix.
Several Governmental agencies have offered immeasurable assistance and their
extreme cooperation is deeply appreciated. With the assistance of Col. Silk we
have related our problem t0 the Protective Division of Army Chemical Corps at
Edgewood Arsenal. This appeared to be a legical starting point because the
removal of low concentrations of toxic materials from the atmosphere is the
principle concern of this group. Mr. Sanl Hormetz the Chief of the Protective
Divigion offered his complete cocperation and furnished us with a high capacity
unit consisting of a particulate filter and activated carbon. He recognized
that the high temperature extremes at either midstream or downstrean positions
would limit the usefulness of such a unit. However, since 1lidtle datawas
available concerning the specific chemical nature of the contaminates, he
believed that the data received from testing this wnit would prove valuable in
designing & filter effective throughout the range. The tests on the first unit
have been completed and the data is being transmitted. It is anticipated that
an improved Army Chemical Corps. filter will be available for test in the near

futyre.

Because of the favorable anticipated characteristics of an upstream catalytic

unit a mumber of possible sources were investigated. These included the W.B. .
Conner Co., the Oxy-Catalyst Co., the Catalytic Combustion Co., and the 4=

Catalyst Research Co. Because the problem of deactivation soon provided itself
.to be real, it was decided that an organization with a very broad background in
catalyst research and with no shelf item to sell should be contracted for
development. After eveluation of a number of institutions it was decided to
contract with the Synthetic Fuels Laboratory of bhe United States Bureau of
Mines. This contract had in addition to the cetalyst development program, a
separate program for assistance in sampling and analysis. The personnel assigned
to this program by the Bureau of Mines have demonstrated that the choice was
{1 wisely made. Their ingenuity and vigor have already produced highly significant
resulte. The future of the catalytic filter program appears very bright.
Recently the Donaldson Co. submitted a small catalytic test filter. This has

' not as yet been evaluated.

High temperature particulate filters suitable for upstream usage have been
obtained from Glass Fibers Inc. and the Cambridge Corp. for use on the engine
test facllity. For midstream filteration, samples of gilver-copper Whettlerized
carbon have been received from the Barnaby-Cheney Co. High order efficiency
has been demonsirated on the laboratory smoke simulator throughout the entire
midstream temperature range. The importance of these significant data will be
discussed in more detail later.
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An attempt is being made to obtain a high efficiency, low pressure drop
particulate filter of small size from the Research Division of the Goodyear
Tire and Rubber Company. This filter is in essence a self charging electro-
static filter based on the change developed by friction of particulate matter
with loosely retained ribbons or filaments of plastics having a low leakage
rate, Commercial filters of this type utilize pelyethyd@ne ribbon which does
not possess adequate thermal properties for any of the possible locations.
However, other plastics are availsble and this approach is being investigated

further.

Trion Inc. and the manufacturers of Cottrell precipitators have been consulted
concerning Electrostatic precipitators. They have indicated the problems and
limitations of this type of air cleaner. Neither has yet presented a proposal.
This method will be evaluated with the test unit supplied by the equipment

laboratory of WAIC. _

* Numerous other companies, agencies and individuals have been requested to
subm#t. proposals. They have not taken adequate positive action to merit
spending time in discussion.

In order to reproduce as nearly as possible the conditions experienced in the
airplane, it was decided that an engine sheuld be set up with suitable dr
sampling and test equipment to study the contamination problem. This test
facility provides a means of reproducing the contaminants we are dealing with
and also gives us a chance to test full scale decontamination devices.

2 4

Figure 16.is a schematic diagram of this test facility. Air is brought in from
a J-57-P-3 engine (2nd spool bleed) and goes into our test enclosure, whers, in
additdon to airflow control valves, sampling {aps are provided for sampling air
as it comes from the engine. Bleed air then goes through a heat exchanger vwhere
it can be cooled to varying degrees and then through eur Tilter or decontamination
test devices or specimens. Sampling taps are proviged upstream and downstream
of the filter test specimen. Air is then discharged to the atmosphere.

It should be noted that an “exposure" room is provided downstream of the test
specimen location and means is provided for discharging filtered air into this
room. We use this room to run "sniff® chetks ongour test filters. We have
also thought that the Air Force may desire to run»animal tests at some later
date on our filtered air. This could be accomplished in the "exposure® room.

In order io expedite sampling times ahd to obtain controlled conditions means
have been provided for injecting oil spray into the engine inlet.

The lines shown on the chart as position "S" are some additional sampling lines
which have been run to the sampling area from the engine high spool diffuser.
These taps are used to study contamination stratification within the engine.
(See Photographs ASB635, ASB637, A600L9, A60021, 135777, 136879, 136880, 136882,
137971 and 137972).
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THE SMOKE SIMULATOR

Since the cost of operating a jet engine is very high, a laboratory setup was
devised to simulate the engine bleed air contamination on a small scale.

Figure 17 is a schematic diagram of this smoke simulator. Air is compressed
and heated to engine conditions and a means is prov¥ided for injecting controlled
amounts of jet engine oil into the heated, pressurized air. MHeans are then
provided for cooling the contaminated air to desired levels for testing various
decontamination schemes. Sampling taps are located at various pertinent
locations in order to measure effectiveness of various test specimens. Although
we refer to this apparatus as a smoke" simulator it is designed to reproduce
the contaminants, both aerosols and vapors that exdst in a contaminated jet
engine, A smoke simulator unit similar to the one described here has been

provided to the Bureau of Mines for their catalytic worke

For purposes of simplicity the simulator was originally designed as an unpressur-
ized unit. However, due to lack of consistent date correlation between runs

and engine results, it was decided to rebuild the simulator such that the oil

is now injected into the hot air stream at pressures up to 125 psig. Our data
correlation has improved considerably since this change was made.

The Test Program for Engine Rig and Smoke Simulator

Next, let us discuss the testing program on the engine and laboratory test
sotups. Figure 1B depicts the respective test programs.

It should be pointed out first of all that this phase I filter development
program has been laid out time-wise as an eight month program which began in
July, 1953, at which date CCN approval was granted. Thus; the end point in our
present program is roughly the lst of March, 195L. :

Considering first of a1l the Engine Test Program, the tests which have been
run to date fall into the following general categories:

1. Tests on Boeing Filter No. 1
2. Tests on Edgewood Arsenal Filter No. 1

3. Tests run to determine effectg of engine power and oil injection rate
upon centamination.

Lo Tests run to determine contamination siratification in engine high speed
diffuser.

411 in 2ll, approximately 2h test runs have been made on the engine tv date
with a total engine running time of roughly 50 hours.
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Referring to the bar chart, Figure 18, we can see the time schedules on the
engine test runs. Also shown are proposed future runs projected to the end of
the Phase I time scale: It should be noted that very little testing is
scheduled for the month of December. This is due to installation of the P-1
engine in the test cell adjacent to our P-3 test engine. The P-1 installation
is for general power plant evaluation; however, we hope te be able to sample
some bleed air from this engine for contamination analysis and comparison with

P-3 engine contamination dabta.

Considering next the Lab Smoke Simulator Test Program, the tests which have
been run to date generally fall into the following categories?

1. Tests on various catalytic removal schemes.

2o Tests on varlous adsorptive removal schemes.

3. Tests on contaminate removal by condensation method.

L. Tests o develop sampling techniques. :

g, Tests to study effect of various significant parameters on contamination
problem.

Fipure 18 indicates the test schedule with respect to the time scale. Also,
we have projected future tests out to the end of Phase I time scale.

In order to present a better idea of the specific items we have tested and what
we propose to investigate in the future we have graphed another chart, Figure 19,
which shows what we have tested, where we have tested it, brief note on results,
and indicates cur future planning.

Referring to Figure 20, we have shown the Phase I Filter Development Program
Time Scale. Also projected on this chart is a Phase II time scale for final
development work and airplane installation design work op a final filter fix.
We have made no formal Phage II proposals to the Air Force as yet, but we have
made some [reliminary studies to determine what a Phase II time scale and work
statement might consist of; and this chart represents the results of these
studies. We expect to be approaching the Air Force with formal proposals and
recommendations on a Phage II program before March 1954 {end of Phase I time
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AIR SAMPLING AND ANALYSIS

We have assumed that the exact details of the sampling and analytical
procedures used in this program would be of interest to only a relatively
few of those in attendance. This information is therefore available to those
who desire it in written form and this oral presentation will be of a general

nature.

" We are utilizing two distinct methods of obtaining samplés. In the first of
these, the intention is to collect all of the extraneous matter in the air
without chemical change for analysis by physical methods at the Bureau of Mines
Laboratory. This is sccomplished by passing air from the duct system through
the throttling valves and water cooled condensers and then through modified
Shepard traps cooled with liguid oxygen (See Figure 21). All of the compounds
not commonly found in the atmosphere except carbon monoxide are cdllected in
the traps. Because 6f the large number of samples taken at ome time, it has
been necessary to uwtilize low volume precision rotometers for measuring alrflow
in lieu of the wet test meter commonly used fof air and gas sampling. The
temperature of the emergent air is measured for volume correction. After
sampling is completed, the traps are pumped down at liguid oxygen temperature
to eliminate dissolved oxygen which might react with the contaminants prior to
analysisi. Those materials boiling at the temperature of dry ice are transferred
through a pumped dowm manifeld system to two liter flasks equipped with high
vacuum stop cocks. The traps are then sealed and the traps and flasks are placed
in insulated shipping containers cooled with dry ice and shipped refrigerated
to the Bureau of Mines Laboratories at Bruceton, Pennsyvania by air. It is
an item of some interest that such trans-continental shipment of frozen out air
pollution samples had never before been done.

At the Bureau of Mines, the contents of ihe Lraps are analyzed by fractional
distillation into the mass spectrometer. Further analysis is done on the low
volatility materials by infra-red and ultra violet absorption. The total

carbon content in certain fractions is determined by micro combustion. Recently
it has been found desirable to withdraw a sample of the liquid collecting in

the colder portions ¢f the duct gystem, refrigerating it and sending it to

Bruceton.

The second type of sampling performed is called chemical sampling. Its sole
purpose is the analysis in Bdeing laboratories for specific compounds or groupse
Throttled air from the ducts is allowed to pass through ice cold water or
chemical solutions contained in gas washing bottles eguipped with fritted glass
diffusers.. The emergent from these scrubbsrs is dried with calcium chloride
prior to measurement in the rotometers and temperature correction. If this is
not done, water will condense in thermtometers and false readings are obtained.

Three different analyses are conducted on the collected samples. First, a
carbonyl determination using the sodium bisulfite method of Goldman and Yogata.

BAC 973 D-R2
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Second, a formaldehyde determination using the chromatropic acid method. The
third determination is for total oxidants using an unpublished method developed
by Hasgen-Smit, for use on the Los Angeles smog problem. Total oxidants can
best be defined as the content of ozone, oxides of nitrogen and organic
peroxides contained in the sampled air: This determination was initiated
following the report from Dr. Friedel of the Bureau of Mines that organic
peroxides were much in evidence in the freezeocut samples submitted.

Dr. Haagen-Smit was personally contacted at California Institude of Technology
and he graciously presented his method. The method has been of considerable

valuea ’ :

It is common practice to collect samples over a three hour period with separate
samples taken during the first, second and third hour as well as over the

entire period as a method of checking. The use of total pick-ups (see Figure 22)
rather than static taps was found to be important in obtaining consistency

and is now standard.

In conclusion;, we must point out that the highly sensitive and selective sniff
test has not been ignored. It is utilized in every test. :
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DESCRIPTION OF RESULTS

.

Analytical results for the filter development problem can be best discussed

by dividing them into separate sections. We shall first discuss the data
obbained from the United States Bureau of Mines. Samples for these analyses
were taken from three different positions. The upstream position being
immediately upstream of the heat exchanger, the midstream being just downstiream
of the heat exchanger and the downstream being immediately below the filter
being testeds The first run made for the collection of these samples was made
with the first P-3 engine operated at Normal Rated Power with no supplemental
0il injection. BHoeing Filter No. I wds utilized with air temperatures of 20G°F
across the filter. This filter was composed of a fiberglass bat particulate
element and coconut shell activated carbon. It was noted during this run that
the predominant odor was similar to that of & mew tire or innmer tube. It is .
significant to note that even in the.upstream position the total volatile
contaminates amounted to only approximately <12 parts per million. Velatile in
this case refers to compounds exerting a vapor pressure of at least O.0imm. of
mercury at room temperature. This would include most ‘hydrocarbons up to Oy
Ketones and aldehydes up to Cy3, alcohols wp to C13 and acids up to Cg. Since
adequate data on midstream and downsiream samples are as yet not avallable, the
most significant data with regards to this run are the existence of mass 112.
This corresponds io the molecular weight of 2- Ethyl Hexene -1, an unsaturated
hydrocarbon which could be esxpected to be formed during the pyrolysig of di-2
ethyl hexyl sebacate, the base stock of the snythetic oil.

Run E~2 was made with the same filter operated at the same temperature. The
only variations were the injection of 6 ppm-of PWAS214 oil into the front of the
compressor to increase the concentration of contaminates so thal the analytical
provlem could be eased and to assist in filter evaluation and the use of
military power (see Figure 23). Here we observe a number of interesting facts.
The upstream samples snalyzed by mags spectrometer show total volatiles amount
to 1.2 ppm or 10 times that of the “dry" run E-1. The midstreanm samples show
approximately the same quantity of volatiles as upstream but with 4n increase
in carbon dioxide content, indicating that the oxidation reactions occur even
at 200°F after original reaction has been initiated at high temperatures (see
Figure 2li). In both the upstream and midstream locations again the maximum mass
" found was 112. The downstream sample indicates two highly significant factors.
First, a decrease volatile content to 0.2h ppm indicates a filter efficiency
of BO per cent of 200°F. Second, the highest mass found was 58.. This would
correspond to the molecular weight of the butane hydrocsrbon, aceicne, or
propionaldehyde. The absence of higher mass weights can be credited to
absorption by the carbon; polymerization or further oxidiation. The major
portion of the contaminates from Run E-2 were found to be water soluble
ipterials of low volatility. Infra-red adsorption spectra demongtrate the
presence of carbonyl compounds and acids in the upstream and midstrean positions.
The concentration in the downstream samples was too low to obtain positive data,
Ultra-violet spectra have indicated the presence of organic peroxides. These
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CONTAMINATE QUANTITY VS OIL INJECTION RATE
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CONTAMINATE QUANTITY vs LCCATION

FIGURE NO. 24 D-14T66
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same spectra show an adsorption band at 262 mam which shifts to 285 my on
addition to alkali. The specific chemical or chemicals which calises this band
have not as yet been identified but it is considered highly significant for
several reasons. fThe samples fromrun E-k with no oil injection show the

band. This definitely associates the confamination with the engine oil. In
addition, in a recent run E-5 testing the Edgewood Filter at 150°F with 6 ppm

0il injection {see Figure 25) the ultra-violet adsorption intensity at 262 mas

in the various positions were 4s follows: Upstream 8, Midstream 1}, Doimstream
8. This indicates an efficiency of removal of approximately 90 per cent and
again indicates the continmance of reactions in theheat exchanger (see Figure 26).

For the interest of the chemists in attendance we can point out that the
compound or compounds producing this significant band are not simple aliphatic
acids and it has been proven that the unknown must be an alkyl constituent
rather than an aromatic. It therefore is derived from the diester rather

than the additives,
Summarizing briefly the Engine Runs made for collection of freeze out samples:

l. The Bureau of Mines has established the uniformity of the volatile matter
in runs with and without supplemental oil injection.

2. 'The volatile contaminant content even in the runs with oil injection is
only around 1.7 ppm.

3. The highest concentration of contaminants are water scluble materiasls with
Jow ‘vapor pressure atmoom temperature. These have been found in con-
centration of 5 times as great as the volatiles. They appear to be base

gensitive organic peroxides.

ks The spécific noxicus and toxic products have not as yet been identified.

5. Particulate filter-activated carbon units have been demonstrated to be 80
percent to 90 percent efficient at temperatures of 200°F and 150°F,

6. Odor in the purified air indicates that higher efficiencies are required
when the oll leakage is significant.

The second set of data to be discussed are from the laboratory smoke simulator.
Figure 27 shows the results of a series of runs made for the specific purpose
of evaluating carbonyl production against temperature. Note that at a tempera~
ture of approximately 6LO°F the increase becomes very rapid. This temperature
ts probably lower in the engine as these runs were ctarried out prior to
pressurizing the reaction chamber. However, the shape of the curve illustrates
dramatically why the problem arose with new engines having higher compression
ratios and why it may be expected to increase in severity in the future if

0ll leakage occurs.
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CONTAMINATE QUANTITY VS SAMPLING LOCATION
SPEGIMEN ~ ARMY GHEM. CORPS FILTER NO, |
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Tests have been conducted on particulate filters plus carbon in the midstream
position over & range of temperatures from S0°F to 300°F. Figure 28 shows that
high order efficiencies are obtained only at the lower temperatures. In fact
on extrapolation it appears that temperatures near O°F would be required to
approach contaminate free air. The efficiencies at 200°F and at 160°F are
about 10 percent lower than those demonstrated on the engine tests. However,
this is probably due to the fact that the reaction chamber for these tests were
at 600°F which produced significantly higher concentrations of formaldehyde
than does the 550" engine temperature. The formaldehyde produced is measured
along with other carbonyls and it is evident from Figure 28 that the efficiency
against formaldehyde in these temperature ranges is less than O. In other
words, formaldehyde is formed within the carbon and rejected. Now by comparison
let us observe the dats from the series of tests on Whettlerized carbon. Here
we observe that the curve assumes an opposite slope, the efficiency being
greatest in the high temperature area and poorest in the low temperature ared.
This we can interpret to mean only that the specific action under high tempera-
ture conditions is one of catalytic oxidation converting to less effective
physical adsorption at low temperatures. Here we have our first really good
prospect and from "sniff" tests conducted during these tests we have physiological
backing. This, of course, is now being intensely studied. Upstream catalytic
units from the Oxy-catalyst Co. and the Catalytic Combustion Co. proved to be
unsuccessful in early tests.

The reports from the Bureau of Mines tests have been much more promising. 35
different catalysts have been prepared. At last report seven had been tested
and the manganese oxide types have been found to be effective. The most
effective tested to date has been the commercial product Hopcalite, a processed
granular co-precipitate of oxides of manganese and copper. This has been
tested over a temperature range of 3C0°F~700°F with oil injections of 13-16
ppm for 6% hours with no evidence of deactivation. Sniff tests have revealed
only a slight sweet ordor similar to that of 2 ethyl hexanol -1 at the lower
temperatures. 'These data are obviously of great value and every attempt will
be made to initiate an engine test in the near future. The Bureau of Mines is
continuing their work on the other catalystis prepared.

We may summarize the results from the lab smoke simulator in the following
manner:s

1. The ecritical relationship of temperature to oil breakdown has been demon-
strated.

2. The removal of contaminant.s by the use of heat exchangers followed by
particulate filters has been demonstrated to be unsuccessful even at LO°F

temperatures.

3, A unit consisting of a particulate filter and activated carbon can be
predicted to provide contaminate fres air only in & modified system where
the filtration occurs at or below Q°F.
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CONTAMINATE REMOVED vs. TEMPERATURE
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L. A midstream unit consisting of Whettlerized carbon, activated carbon and
a particulate filter can be predicted to give good performance over the
entire midstream temperature range.

5. Based on the Bureau of Mines data, the satisfactory utilization of an
upstream catalytic unit is not only possible but is very probable.

If we may now return briefly to the engine testi facility work we should like to
discuss 2 point of particular interest to the Power Plant people. Rather
early in the study, discrepancies between the engine and the smoke simualator,
with regards to carbonyl production, led to theories concerning the location
of oil droplets during high temperature exposure. It is assumed that due to
the great difference in density between oil droplets and air, centrifugal
separation would ccour. ‘This would cause the oil to move slowly back along the
case. Under this condition, the exposure to temperatures high enough to
degrade the oil would be of long duration compared to that of dispersed droplets
traveling axially through the compressor. If this premise is correct, it
could also be inferred that higher concentrations of contaminants occur near
the outer periphery of the annulus than occur on the inner periphery. Total
pressure measurements previcusly made support this theory of stratification.
Therefore; a special three pronged ram air pick-up was built and installed in
annulus for sample collection. Visual investigation of this assembly after
several tests were conducted on the JS57-P3 engine revealed that the probe next
to the outer perifphery of the annulus was coated with a carbon like material
while the irmermost probe was completely clean, indicating that @jt'g!_ﬁ‘;},_—)
cation is taking place. Photographs No. 137971 and No. 137972 shows the exact
condition after the Military Rated power runs. A review of preliminary test
data indicates definite stratification at all power settings up to and including
normal rated power conditions. Inconsistent results were obtained at military
power. Accordingly, further tests are planned to investigate the possibility
ol stratification at military rated power.

Since varification of constant stratification conditions could lead to a source
of suitable air directly from the engine by relocation of the bieed port, this
study should be accentuated. We believe that the only true answer will be
found by actually modifying an engine, This, of course, we cannot do but offer
the suggestion that it be studied by those who can. :

REVISED | DATE '
cALe : ! B-52
_CHECK
APPD DESCRIFTION OF RESULTS D-14766
APPD . ' PAGE
SOENG ATLANE COPANY Taz

BAL 973 D-R3




