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History of Gas Turbines Sea Salt Problems and

Solutions

R. E. KAUFMAN

There has been a series of fixes or solu-
tions on marine gas turbine sea salt problems that
have developed or evolved from the time that the
marine gas turbine was introduced until now that
will
try to review some of these events as it appears
to us at NAVSECPHILADIV (Naval Ship Engineering
Center, Philadelphia Division)’

makes an interesting sequence or history. We

in logical se-
quence rather than chronological sequence.

REVIEW OF EARLY GAS TURBINE EXPERIENCES

In some of the earliest gas turbine driven
vessels which was about 20 years ago, the most
spectacular item about much of their operation was
the rapid and sometimes abortive drop off in per-
This
due to the collection of sea salt

formance sometimes in as little as 20 min.
was, of course,
in the first stages of the compressor, which de-
stroyed the bladels profile and its compressing erf=-
ficiency. These first vessels sat rather low 1in
the water and the spray laden air had a fairly
quick access to the engine. Certainly everyone
knew about sea salt in the air, but until vessels
began running and running into trouble, designers
in boiler
effects.

could not 1ig-

probably never having seen any salt
rooms, thought it negligible in its
When designers found out they
nore the problem, there still was a need to define
it. How bad was 1t and how much needed to be done?
Any definition of a physical problem is always an

approximation. Some very good approximations may
It does not take any-

thing away from Newton's laws of motion when Ein-

finally appear sometimes.

stein's theories of relativity made corrections to
them; they are still very valid approximations. A
designer does not like to do any more to a system
than to make it do a good job. Such things as

gold plated lube oil piping and sumps would cer-
tainly stop rusting but gold plating is not very
realistic.

Of course, the definition of a good

Jjob is always changing. When the transport of

salt spray was seen to be a large factor in com-

NAVSECPHILADIV was formerly NBTL (Naval
Boiler and Turbine Laboratory) until July 1, 1966.

pressor deterioration,
was to baffle it out,

one of the first thoughts
and in fact this has been
about 75 percent of the ultimate answer. This was

done at first, for example, by introducing several

90-deg turns; then a plenum chamber with draining
facilities was added, and so the sophistication
began to increase.

Accumulated salt on compressor blades was
readlly washed off with consequent regain of power,
and the philosophy began to gain acceptance that
if the times between washings was long enough to
allow a small vessel to get back to its dock or
its tender, this was an acceptable operating con-
dition. Presumably larger vessels could carry or
generate enough fresh water to do this task. It
that if the air

intake was higher above the water line,

was not at all surprising also,
there was
less ship-generated spray gaining access to in-
board areas. At first 1t was thought that compres-
sor operating deterioration was the only serious
problems with sea salt and in terms of frequency
this was true.

Then a long term sea salt problem raised its
ugly head—sulfidation or hot zone corrosion.
Whereas the compressor deterioration was largely
mechanical and involved only sea salt, sulfidation
involved a thermo-chemically produced interaction
consisting of sea salt sulfur and vanadium from
the fuel with the components in the furbine blade
alloys. (There had been a short period when there
was some "cold zone" corrosion in the compressors
by the sea water, but this was corrected by the
elimination of magnesium alloys in the compressor
region and use of special coatings for various
steels) (1).2

There must have been a number of instances
in the early days when the sulfidation was very
serious, because residual fuel (2,3,4) was being
used in some cases and it has the unfortunate
property of being able to emulsify large amounts
It had been hoped that residual
but

it pre-

of salt water.
fuel could be used because of its cheapness,
in addition to its emulsifying capability,

2 Numbers in parentheses designate References
at the end of the paper.
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sented other problems; heating necessity, drooling,

smoking, and so on, and so it did not appear very
suitable.

It was recognized early that the salt water
content allowed in boiler or diesel fuel could not
be tolerated in gas turbines. Even the small
purifiers (250 gph) which had a water removal re-
quirement of down to 0.05 percent maximum water
If this was salt
17.5 ppm
At one time one in-
General Elec-

content was not good
water, this would be
sea salt, or 5.5 ppm
dustrial gas turbine
(2) had allowed
but this was some time ago reduced to 5 ppm

enough.
500 ppm sea water,
sodium.
manufacturer,
tric 10 ppm Na in their specifica-
tion,
and recently to 3 ppm. Washing techniques have
been successfully used to reduce high sodium con-
tents, but such equipment is rather large for

Hot zone corrosion

incidents were steadily being reduced in some en-

medium size and small vessels.

gines but there still were incidents in others as
the number and time of engines in service began to
rise (6,7).

A number of the above incidents forced the
use of higher grade fuels—distillates—which were
often transparent if contamination in the transport
system were avoided. Transparent fuels had the
very great advantage that excess water in very
small amounts could be easily seen. Somewhere
around 50 ppm excess water is readily detected and
can be avoided. At this point it appeared as if
sea salt as carried in emulsified free water had
been reduced to its maximum practicable extent (8).
So now would be a logical time to examine the air-

borne salt.
EVOLUTION OF THE NEED TO KNOW

However, this type of effort seemed to lend
itself to deferment. How much sea salt was in the
How did it vary? Where was this information
An
occasional meteorological article had some data.
An occasional text on aerosols might have a few

air?

if it existed? It was not in the handbooks!

items in it. it
was brought home to us that if the sea salt in the
it might not make

Every time we moved away from it,

0il was reduced to a minimum,
much sense to have large amounts coming in via the
air. How much might be objectionable or what was
the maximum acceptable (9)?

Going back to the early industrial gas tur-
bine GE criterion of 10 ppm Na in the oil, this
would convert to 33 ppm sea salt in the oil or
about 0.5 ppm in the air. 5 ppm in the oil would
convert to 0.25 ppm in the air. 3 ppm in the oil
would convert to 0.l15 ppm. If the oil contained
oh the basis of this criterion, a maxi-

mum of 0.15 ppm sea salt could be allowed in the

no sodium,

air, so again the questions how much is in the air,
at sea, at its practicable maximum or on the aver-
age, at various levels above the level of the
water?

It began to be very desirable or even neces-
sary to mount an organized effort to determine
how this information could be obtained. Sporadic
searches into the literature would have to be re-
placed by an organized and accelerated effort. A
survey had been made by Gibbs and Cox (Feb. 1955)
of all known sources of information on airborne
salt to try to get some basis on which to make a
decision, should water washing or air filtering be
arranged for in a Liberty ship (John Sergeant) to
be converted to gas turbine drive {5). More re-
cently the navy needed the same sort of informa-
tion for a projected design of a destroyer type
The G&C report
was re-evaluated and while containing much valuable
the range of results that it seemed
0.005 ppm to about 20 ppm and with-

out a definite pattern of wind dynamics,

vessel with gas turbine propulsion.

information,
to encounter,
particle
size, height above sea level, called for further
clarification.

We looked at some of the work that the air
pollution investigators did thinking that perhaps
they might have included sea salt. There was some
but it was not related to particle size discrimi-
At NAVSECPHILADIV some previous work done

on aerosols had convinced us that particle size

nation.
discrimination was necessary. Some industrial
dust studies had given us some feeling on how par-
ticulate matter might be distributed. A number of
inspections had been made of some sulfidation in-
cidents but there were no relationships with ac-
tual salt concentrations in oil and air. We knew
that there was some relationship between wind
velocities and sea salt concentrations but we did
or whether what

knowledge we then had was definitive enough.

not know either how to use it yet,

After having looked at all this, .we were
convinced that our knowledge of the phenomenon was
skimpy. It was going to be necessary to try to
This had a

dismaying aspect because we were not sure that we

find out a few things for ourselves.

knew what we wanted to find out or how to go about
it. We felt sure there would be a number of
phases and believed that if possible parallel ef-
forts should be made. Some phases seemed depend-
ent on others and logically should be sequentially
done, but we could not afford the time.
ESCALATION OF INFORMATIONAL FORAYS

Since the gas turbines were to be on ships
it seemed that
the logical place to sample would be aboard some

exposed to the air over the sea,
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similar vessels. We did not know how extensive
this should be and did not think we could know
until we saw what type of pattern would evolve.
One of the things we had to decide initially was
now to sample! The business of sampling is a
whole subject in itself.

There are two general ways that small parti-
cles in small amounts can be examined: {(a) find
the dimensions and numbers of the particles and
infer the total mass, or (b) find the mass and
infer the numbers and dimensions. Under (a) would
be included microscopic slide collections with
microscopic counting and measuring, and light
sensing devices that are calibrated to relate re-
Under (b)
is included microscopic slide collections which
are dissolved in water to produce conductivity.
There are great uncertainties in using methods
under (a) to infer mass, and since we felt that
mass was primarily important with size being
secondary in importance we decided on a Casella
Cascade impactor for sampling (10).

flecticn intensities to particle sizes.

We had seen
but the Casella

We had tried a
light scattering instrument for counting but the
sea alr quickly contaminated the optical sensing
chamber.

Although we had decided to sample aboard
sea-going vessels, we had had some thoughts about
sampling at seaside spots, but the matter of pre-
vailing winds over the appropriate fetch of sea
was hard to schedule.

some other Cascade impactors,
seemed best for our purposes.

We went aboard a number of
vessels and after some false starts and soul
searchings, we developed a technique and collected
a body of data relating sea salt concentrations to
particle sizes and wind over sea velocities that
we have considerable assurance about (11,12). In
addition to knowing now the amount of contamina-
tion that a separator would have to work with, we
had sufficient information by which an actual
simulation of sea salt contamination in combustion
air could be achieved for full-scale engine test-
ing. Previous engine testing in which amounts
equal to large multiples of our new results were
ingested into the engine were now believed to be
unrealistically severe.

Since at the time of our decision point on
salt aerosol determination we were unable to wait
for the sampling program to end before investigat-
ing other phases such as separator evaluation, we
decided early to poll the separator industry to
see what was available, and to evaluate a number
of them in a simulative separator facility that we
had constructed. While we would not know if any
of these separators would do an acceptable job,
until both the sampling program was completed and
until it was known what the maximum acceptable

concentration would be for gas turbines, we could
index the relative order of excellence of the
separators tested, the

The determination of

and could make a choice of
best on hand if required.
maximum acceptable concentration for a time ap-
peared elusive, the longer our tests ran and the
more we thought about it, so the concept of having
and selecting the best of a group of separators
became very legitimate.

Even if we did not know whether this pro-
cedure would work there appeared to be no other
The only difficulty with this philosophy
was that management types might decide that this

choice.

was less than minimum assurance of reliability for

the gas turbine. Actual assurance was to come
from the operating results of gas turbines tested
under the measured conditions by both NAVSECPHILA-
DIV and several manufacturers {13) and in tire
from the lower temperature experiences cof marine
gas turbines around the world. Various things,

such as the arrangement of ducts, composition of

blade coatings may have 2lso reduced the incidence

of hot zone corrosion. So now, inclusion of serpa-

rators becomes one of a number of things that can
be done to reduce further the incidences of hot

corrosion.
ACTUAL GAS TURBINE EXPERIENCES

The John Sergeant made some 14 trips acrosc
the Atlantic (using a washed and treated reosidus.
fuei) and c.aliued no appreciable sulfidation.
There had been sore compressor deterioration whicn
apparently was corrected by the inclusion of baf-
The
Peder Skram using Navy diesel has turning vanes in

fling vestibules in the inlet duct (14).

the inlet duct that has some separating capabili-
ties (15).
some signs of corrosion beginning but the seriocus-

Hot zone inspection after 500 hr showed
ness of this could not be assessed until another
inspection was made. Sulfidation has occurred in
cyclic endurance tests at the Division. One test
at the Naval Enclave of the National Gas Turbine
Establishment in Pyestock, England i1llustrates
what we had mentioned previously about unrealistic
amounts of ingestion (16). 0.5 ppm of sea salt as
salt almost destroyed some turbine blades in 400
hr. An incidence of an industrial gas turbine be-
ing completely corroded by sulfidation was pre-
although the
in this incident came from contamination in the
oil (17).
dilemma that designers are now facing.

sented at last year's meeting, sodium

This last discussion illustrates a
The
dence of sulfidation events are plentifully docu-

inci-

mented but there are some that say that these in-
cidents are not serious, that the most serious can

be prevented and that some attrition must be ex-
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pected. A Naval officer told the author at the
time of the John Sergeant paper that he had not
seen anything yet that indicated the necessity of
separators. To him the sea salt problem had been
solved and so it had for that gas turbine in that
Installation!

So there has arisen the "use separators" and
the "don't need separators" schools of thought,
and the evidence is not overwhelming yet for
either school. Separation configuration yes, but
the question now being asked is "How elaborate
need this be?" It is true that gas turbines have
not yet been used on the larger naval vessels
(destroyer types) for base load and any high power
engine gas turbine or otherwise gets 1ittle high
power service in the worst weather. So it seems
that the possibility of using the gas turbine for
base load and the as yet rarely occurring event
where the boost engine would be used in heavy
weather, dictates the inclusion of the optimum
sea water separation configuration with a separa-
tor of some kind.

A duct design to vroduce an optimum separa-
tion configuration could have several separate or
combined characteristics; the inlet could be in-
board in a semi-protected area, it could face in-
board with two duct inlet openings facing each
other, 1t could have tﬁree stages of separation
(stage 1, the separation that would occur in just
being out of the main stream of spray transport;
stage 2, a coarse separator unit, that would be
sturdy and able to withstand massive amounts of
green water where semi-protectedness was insuffi-
cient; and stage 3, a separator unit that would
catch quasi-aerosols and aerosols, that were gen-
srated by the green water transport plus the
zeteorologically generated aerosols).

We are watching with a great deal of inter-
est for some operating reports of the U.3. Coast
suard CODAG vessels which have no separators and
for the MSTS GTS Admiral WM V. Callaghan which has
base load gas turbines with a separator in each
inlet duct. Will the configuration in the coast
zuard vessels protect the engines? Will the sepa-

rator on the Admiral Callaghan protect the engines
from high following winds {separator faces aft)?
We have evaluated seven separators at the
Division (9,11) — an electrostatic precipitator,
three cyclonic or inertial, and three baffling.
Perhaps two seemed to offer no advantage, one was
too heavy, five had to have auxiliary eguipment,
two were light, cheap, and flexible in configura-
tion, one was low in Ap, one was cheap, light,
flexible, and effective in the lower particle
sizes less than 5 microns. One unit containing a
parallel arrangement of efficient airfoils in an
elbow, had a very low pressure drop and did a very

good job of turning air around a corner without
stratifying. Its efficiency of separation was
good down to about 10 micron but dropped off
sharply below the point. We felt that we needed
good separation down to below 5 microns. The
other unit that looked good was constructed of a
mat of very fine wire in which a finite spacing
in one plane is achieved by a knitting process
which would produce a layer of the filtering mate-
rial. The mat was made by combining a specific
number of layers which would make a specific thick-
ness of mat. A significant improvement has been
achieved with this in the last year at the Divi-
sion (18).

WIND VELOCITIES PROBABILITIES

There was a time when we thought that the
sea salt concentration going to the engine was a
function of sea state, ship speed, wind velocity,
and relative ships heading. As our work pro-
gressed, it developed that the sea salt concentra-
tions in the air entering the gas turbine was a
function of wind velocity only. The total amount
of salt entering a gas turbine during 1ts operat-
ing life, then would be a function of the hours at
sea and of the wind velocity distributions. We
saw some curves from a navy facility that had
values for the probabilities of the wind veloci-
ties over the year and at different ocean spots
(19). We thought that if we could plot probabili-
ties against the range of wind velocities for the
various oceans for various times of the year, we
could if we knew the ships itinerary, assign the
probablility of the wind velocity range for that
ship and assigning a lifetime value for that ship,
actually estimate the total amount of salt taken
aboard. Fortunately, the weather data gathering
agencies over The years had already gathered the
data, had analyzed and plotted it, tabulated it,
and all we had to do was to help ourselves. We
now reach a type of crossroads.

CROSSROADS

The question that now arises for us is how
much more and what type of sea salt information do
we now need to solve future sea salt problems in
marine gas turbilnes. Superficially 1t would seer
that we have most of it at hand. But experience
teaches us to be wary of obvious conclusions. The
designer asks himself about separators in the mode
of the melancholy Dane "To use or not to use, that
is the question. Whether it is nobler to venture
forth with no separator and save 50¢ hecause of
the low incidence of sulfidation or try to provide
for an unknown series of foul weather situations.”
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The author believes that some collateral efforts
need to be made, efforts which might be coincident
with some larger effort.

Provisions should be made in a ship's design
that will readily permit the installation or re-
moval of a separator. If a ship's operation shows
that a separator is not needed, a small effort
will remove them.
other hand,
back on they go!

ficult with a mat of knitted wire.

If later operation, on the
indicates that they are necessary,
This does not appear at all dif-
They could be
installed or removed almost as easily as window
screens. With such ease of removal and installa-
tion the separator could even be out of the air
path most of the time and in when the weather was
bad.

There should be some efforts mounted to cor-
to add to,

The Jjustification for high tempo effort

roborate,
at hand.
is not apparent at this time, but various oceano-
graphic agencies that collect data for the weather

to improve the data already

bureau and the services could include some of
these items in their tables of periodic data, such
as sea salb concentration and humidity data at the
sampling point. The author would like someone to
take continuous salt concentrations,
and humidity data at various weather stations to

see how they might lag each other.

wind velocity,

The hologram
camera has been developed to the point where parti-
cles as small as 3 microns can be photographed in
situ. ZEven smaller particles can be estimated.
The author would like to see some sea salt water
droplets taken with this instrument. There is

nothing like an "eyeball check." Impactors, im-
pingers work on well recognized principles but
there is always the possibility that the eye could
detect something otherwise missed.

We can take a great deal of assurance in
what we already have, but experience has many in-
stances of... 1f a better measuring rod is devel-
oped, you had better check your data measured with

the old ones.
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