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— Impingement Cooling Series
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replace natural gas in power turbines.

Coal and petroleum derivative fuels are alreadgde
used at a handful of gas turbine power plants
worldwide.

Studies of potential sources of deposition froesth
syngas fuels necessary so adverse effects can be
minimized.

Deposition has numerous adverse results ranglng
from decreased engine performance to c:atastro h
failure of the blades. o
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To simulate with a 4 hour test:
80-160ppmw-hr / 4hrs = 20-40ppmw
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hardware In all essential aspects which gover:
heat transfer (surface roughness, deposit
thickness, structure, and elemental
composition).
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eImpingement cooling more accurately
simulates real engine thermal gradients

«Setup can be adapted for film cooling
studies

*Optical access allows for surface

temperature measurement and filming of

deposit formation

*New particle feed system improved
repeatability
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subbituminous coal particulate

e Particle Size Series

— Four different particle sizes of subbituminousl geaticulate were
tested (from 3 to 1Am diameter)

* Impingement Cooling Series

— Four mass flows of coolant were tested using $ub1mous coal

% particulate s
— Two mass flows of coolant were tested using pﬁcmkthulate
ACERC
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Digital images of post burn coupons (top shows oospmr_n‘e_z’dih-'téjy @

after combustor shutdown while bottom shows cqu'1 Lthe*_ ==
have cooled to room temperature) =~ = L
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Deposition Rate = - Net Capture

net deposit mass = ilEIR0c =

divided by the mg/hr of deposﬂ
exposed coupon divided by mg/hr
surface area and of particulate  ~

the test duration : = added 1'.0 thé ﬂow
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Spallation-loss
of the TBC
layer leaving

the metal

Post test images of coupon subjected t article size
- ! : Lp exposed

(left shows coupon immediately after combustor down,
right image is following cool down to room tempena)

*This test series had a 1 hour “pre-burn” pnofrte# hour test

*The deposition rate and net capture efﬂmencyamtm;bted '
compared to the gas temperature series test ccamblat:the same
temperature and with the same partlcle size
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% Digital images of post burn coupons (top is mmt&hafollowmg, qOmbusto 3
shutdown, bottom is after cool down to room temﬂﬂfg
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Filtration systems can
remove most of the
particles in this size range
and all of the particles
above this range
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Digital images of post burn coupons (top is immm:ljafolIowféig_-ligé:éigtf*u%:t(')rh

shutdown, bottom is after cool down to room temtma 2
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Elemental Composition Comparison
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Elemental comparison of ash, deposit, and peneitrati
for subbituminous coal impingement cooling series
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Testing with four different sizes of subbltumlnmaal ash
particles showed greater than double the depositaas
particle mass mean diameter was increased froniGuim.

Ground subbituminous coal and petcoke ash paatesiiwere
used in the third and fourth test series with ingement
cooling on the backside of the target coupon. [Bejom rates
decreased with increasing mass flow of coolantair,
expected.

Post exposure analyses of the third test semm(rsng

electron microscopy and x-ray spectroscopy) showedaesm o
deposit thickness with increased cooling levels. =~ &°.°
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