Ceramic Matrix Composites for H, Combustion

Christopher Varela, Michael Tonarely, David Barnhard, Jayanta Deb, Kareem Ahmed, Qingda Yang, Jihua Gou
Composite Materials and Structures Laboratory, Department of Mechanical and Aerospace Engineering, University of Central Florida

Abstract CMC Fabrication Material Characterization

: : - " Fabrication process begins by The preform is saturated with ‘Green body’ is waterjet cut to Intact Front Face Damaged Front Face dmegectiae) Gaps .
- H ¢ ’ . . — S I . . __ i ) . 9447 65535 * pS In matrix become
Gas turbine engines for power generation are under transition to hydrogen creating a YSZ ‘preform ceramic precursor through desired shape and pyrolyzed at AT | e e aps n matrixbecome
based combustion SyStemS to achieve net-zero or net-negatlve carbon consisting of 8 layers of YSZ vacuum infusion and cured in 950°C for 2 hours in N, e U x4 L%
. . iy . . . i i iaidi » F ti f protecti
emissions. A transition to hydrogen-based fuel combustion must also coincide | | fibersaturated in YSZrigidizer. autoclave. atmosphere. oxide plaques (S0,) due to

passive oxidation:

with other technological advancements in gas turbines. The significantly higher
energy content and lack of greenhouse gas emissions characteristic of
hydrogen fuel make it an attractive alternative to traditional fossil fuels.

2SiC(s)+30,(g) » 2Si0,(s)+2CO(g)

Large increase in Oxygen

ooooo content in post-damage.
However, the increased flame temperature and chemical corrosivity introduced
. . . _ N o Element Weight % Atom % Element Weight % Atom % Element | Weight % [ Atom % Element | Weight % | Atom %
by the water vapor generation of hydrogen combustion pose a risk to the — = CK 14.8 28.1 cK 8.1 155 ck | _as 8.6 Ck_|_ 64 16.4
. . . . . . N K 0.0 0.0 N K 0.0 0.0 N K 4.6 6.9 N K 2.7 5.8
materials used in current gas turbine engines. Furthermore, the small molecule ReSl;lltmg %MC r|1$ T 296 422 T 45 595 ok | 320 | 424 ok | 274 | 515
. . T . . . reinfiltrated wit Si K 27.1 22.0 Si K 21.8 17.8 Si K 55.1 41.7 Si K 5.4 5.9
size of hydrogen subjects existing metallic materials to hydrogen embrittlement The ‘preform’ is dried in autoclave ceramic L 278 7.0 L 286 70 2L 0 0 2L | 580 | 104
and increase the risk of dangerous fuel leaks. In this project, we explore the for 2 hours at 180°C precursor and . Y52 fibers become exposed after hydrogen flame attack.
Vlab”lty Of CeramiC matriX CompOSiteS (CMCS) as an alternative tO traditional pyrolyzed once *  Oxygen and Silicon are distributed throughout surface, with higher concentrations on plaque-like structures.
more.

metallic superalloys in hydrogen combustion environments. Yttria-Stabilized

Zirconia (YSZ) ceramic oxide fibers are first treated with a YSZ-based rigidizing 3’ 3.5” - Cmbus‘“ ambe’ Test Panels F E dan d M L M Odel 11 g

process and then used as reinforcements for various polymer ceramic
precursors, and the composites are subjected t.o mqltiple poly_/mer infiltration and . 1 . > " o o e — L 4 1D Transient analytical solution for given heat flux ID Ste;zly—state analytical solution for giveqn(';heat flux §
pyrolysis (PIP) cycles. A hydrogen torch testing rig is designed and used to . GO'OW 80'8W 82'7% 17'2W N R e t T =3, %0
impart a high heat flux hydrogen flame on the CMCs, and the insulation A e G a o e o e O7h= k(&mzm)e ( e”f{z\/ﬂm A for
performance is analyzed. The CMCs are also used to line the inside of a a=k/py (m>/s) Yokl " ¢
hydrogen combustion chamber to evaluate their performance in a gas turbine H T h T t ¢~ ~specimen thickness Ty =T =00 T
engine environment. The CMCs are characterized pre- and post- hydrogen 2 orc es 7~ ~time clapsed 3 YT,
combustion exposure, and the preliminary results show that the CMC material Experimental Setup Results — —
exhibits robust performance and desirable damage response behavior. | T mercathesuts HHC Bk Temperatur, 0% 0 Vored
Numerical models are employed to validate experimental data and further ' i@ﬂggggacut@ damage ofhydrogen flame and CMC o ek Temperres TS e e or o — e
understand the behavior and properties of the CMCs. 1900 | [ e i |

« Heat flux of 183 W/cm? imparted at 20 mm from torch tip g 1200 d : — iy

. for 10-minute test duration. % 1:22 " f
I ntrOd u Ctl O n + Samples were characterized via SEM and EDS pre- and % jgg ~ B L B FC Frontand Back Femperature Oference, 40% ey

Elevated combustion temperatures and chemical corrosion caused by water post-torch testing. o 200 - f b
vapor byproduct generation are among many challenges posed by the switch | . om0 me | we | wo so e hrough . == Theorstical kyvalus based on
from fossil fuels to hydrogen in gas turbine engines. Specifically, the adiabatic| || Hz!nlet | rime & thickness Z‘EEF o ToerlimeTeston
flame temperature of hydrogen is approximately 250°C higher than that of Ceramic Sample o Temp TR coefficiently
natural gas. Today, nickel- and cobalt-based alloys are used at temperatures up
to around 1,100°C, close to their melting temperature (~1,200°C). As such, the " ko between 0.9.and 1,2 from numerical and experimental comparison
eventua| transition to hydrogen fue| relieS heaVily on the deve|opment Of TTheen:rg(e)rCe:)tS;Te {;l]l:&zr:]??r:iQ(zcjeesléngoﬁgtsgzgr’][ecsotedfﬁ;?eﬁcle{d tgnrga;ggcei;i(gir;r:te;tally measured T,, and T, to determine absorbed heat flux o
materials that can withstand increased combustion temperatures. Furthermore, Not Pictured ' | | | I .
the combustion of hydrogen with oxygen prOduceS h|gh amounts of water vapor, RTZ?::;?;L?? S Air Inlet 4 Flame Direction glgirgeg;gg.between theoretical and experimental values could be caused by voids in specimen filling with water vapor, determination
which can create an oxidizing and chemically corrosive environment detrimental e e
to currently used metallic components. This project proposes the use of R R

YSZ/SICN CMCs produced via the PIP method in components for H, Hz CombUStiOn Engine TeSt ;"“‘"dw e B2 P e B

combustion environments due to their outstanding thermal and oxidation

E m t I S t R It $ 3004 Gradient Boosting 6.97% 25.44 16.91 0.9213
resistance, high customizability via additives and coatings, relative ease and low Xperimental oetup esulits o
COSt Of manufactu rlng ¢ Preliminary teSting’ targeting low temperatures (~7OOOC) CMC Panel Liner in H2 Combustion Chamber Test (Atmospheric Pressure) 5 " reBrggstir:g " Sl A L DLl

at atmospheric and pressurized conditions. 800 -

Deep Artificial Neural

3.92% 16.45 14.07 0.9671
Network

700 - ol — . . . . . .
0 100 200 300 400 500 600

M ate ri a I S e I e Cti O n - Investigating effects of hydrogen flame traveling parallel to o] o
CMC (as opposed to through-thickness as in torch test). : Temp .

Machine learning techniques are being explored to predict the ablation performance of the CMCs based on manufacturing

Q)

(
Ul
o
o

. . - . Flow Temp parameters, saving time and resources needed to determine optimal material formulations.
Ceramic Yields of Various Ceramic Precursors . When selecting ceramic precursor, factors

N
o
o

« Combustion testing duration of 2 minutes. Unlined Wall

o) o Conclusions & Future Work

such as ceramic yield, workability, and
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The reduced insulation effectiveness of the CMCs at higher pressures suggest the need to further densify the
800 - material through more PIP cycles, reducing porosity and increasing thermal performance.

A full-sized CMC combustion liner will be manufactured using the material formulation presented, and larger
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