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Development of Syngas Oxy -CombustionTurbine
for Use in Advanced sCO ., Power Cycles

AMain Objective: Develop a detailed design for a s@idect fired oxy
fuel turbine for utility scale (300 MWe) utilizing a coal syngas fuel, with
the ability to be cefired with natural gas.

AOperation in an AllanfFetvedtcycle targets near zero emissions, while
targeting 43% LHV system efficiency.

AThe density and heat transfer properties of sc€an take advantage of
compact turbomachinery and effective thermal management.



Turbine conditions
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A How does this compare to steam and gas turbines?
I Steam (AUSC): 330 bar, 610 (Source: GE Steam Power)
I GasTurbine: 23 bar, 143G (Source: GE ktlass)



Project components

1050C 1150C
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Materials Testing - Component Testing



Project team

@l@ Pl, heat transfer testing, materials testing, turbine design.

Aerodynamic flowpath definition, design support.
Q Turbine first stage optimization, blade cascade testing.

Pin fin, impingement heat transfer testing.
RIVERS Thermodynamic cycle model.

=2l Technoeconomic study.

@ Oxy-combustor development and analysis.

Air Liquide



Materials Testing



Autoclave material testing
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A Autoclave tests are for turbine materials and coatings exposure

to observe oxidation characteristics at turbine inlet conditions.

A An induction heater with susceptor is used with TCs inserted

to measure temperature throughout stack of material samples.




Autoclave material testing
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Autoclave material testing
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TBC Cyclic Testing

1050C 1150C

A 500 cycles

I 50 min at (1050C or 1150°C),
ambient pressure.

I 10 min. forced air cooling.

A Two different coating methods on
nickel alloy (Haynes 230 shown):

I Thermal spyaMCrAlY bond coat,
thermal sprayttrium stabilized
zirconia (YSZ) top coat.

I Plasma Enhanced Magnetron Sputterir
(PEMSMCTrAIY bond coatthermal
sprayedYSZ) top coat
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TBC cyclic testing

%&:‘h‘ﬁ’ r**-‘i"-&‘ﬁ; AT “ﬂ'g

- .APSY:‘;Z_'- : QRN Corbides in TBC

PS NiCrAY
No carbides in sub

Haynes 230 ' .
 Alrich oxide (ALOs)

300 pm = C-K 300 pm =——i 0-K

. e Limited carbides-in
APS YSZ YSZ top coat §7V3 Mot
BN AN —T o~ St e RS
. E——— i No carbides in the Nano bond /

Haynes 230 coat and base alloy Limited O in the nc-NiCrAlY

and substrate
-K 300 M =—— 0-K p—— 300 pm =—y

ADegradation seen on almost all samples for PT0ycling.

APEMS bond coat witnessed significantly ¢esbideandoxide attack
than thermal sprayed bond coat.
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Component Testing



High RE heat transfer testing

AA plethora of midsection ribbed cooling
Is avalilable up to a RE number of ~50,000
based on atbreathing engine.

AWhat happens with sCQat internal
cooling RE numbers 10@k400k?
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High RE heat transfer testing

=

AAssembly and disassembly between
Interchangeable inserts can be completed In
5 hrs.
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High RE heat transfer testing
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High RE heat transfer testing

Thermal resistance (K/W)
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High RE heat transfer testing
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The parameter Nu/NuO compares the calculated test Nusselt number to a smooth

wall Nusselt number calculated from the Gnielinski correlation for a fully developed
Internal passage with the same fluid conditions.



High RE heat transfer testing
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A dPtransmitter measures the pressure loss across the serpentine passage with five

passes.
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S1B cascade testing

Aerodynamic
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A Commissioning is underway at the Purdue Bigfor Aerothermal
Stationary Turbine Analysis (BRASTA) for a S1B cascade test.
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SlB cascade testlng
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AOptimization methods are being
used based on CFD analysis to
optimize pressure tap location
to reconstruct blade loading.
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S1N-S1B cavity testing

Volume Flow Rate (Test Section Mach)
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Turbine Design



Turbine design
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Turbine design

Outer LP Case

i

Inner HP Case

Stator Housing

Balance
Piston
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Standard operating conditions

*Individual components have design conditions based on
factors including settle out pressure and thermal margin

415°C
30 bar

775°C
30 bar

400°C
315 bar
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Target design criteria

A Hot section component lifetime (combustor,
transition duct, S1IN, S1B0k hrs

A Rotor lifetime:150k hrs

A Pressure containing components designed to ASME
BPVC, Section VIII.

A Mitigate capital cost through the following strategies:

T Minimize wetted area of HP sections minimize

required section thickness and sealing force.

I Use cooling flow routing to jacket large diameter
components to usalloy steels below their creep

regime

p— 1}
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Outer case geometry
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Outer case design tools

Sallow Unit
Material Temp (°F) [Source
J22091 |30.8E+3 psi 850  |input from BPVC Sec2.PtD.C.Table 5A
1740 40.0E+3 psi 800 Input from BPVC Code Case 2702
ss410 | 17-2E+3 psi 850 |input from BPVC Sec2.PtD.C.Table 3

INNER CASE: Axial Load 23E+6 Ibf
COMBUSTOR CASE: Axial Load 25.4E+6 Ibf
OUTER CASE: Flange Separation Load 6.15E+6 Ibf
INNER CASE: Cylindrical Wall Thickness 5.03 in
COMBUSTOR CASE: Cylindrical Wall Thickness - 5.73 in
COMBUSTOR CASE: Cylindrical Wall Thickness - 7.60 in
OUTER CASE: Cylindrical Wall Thickness 1.27 in
Flange Width 11.8 in
OUTER CASE: Flange Width, Height
Flange Height 10.05 in
Shear Ring Width 4,33 in
COMBUSTOR CASE - INNER CASE: Rail Fit Depth of Engagement | 2.50 in
Edge Margin 7.92 in
Shear Ring Width 1.11
COMBUSTOR CASE - OUTER CASE: Rail Fit Depth of Engagement | 0.640
Edge Margin 1.943

S_bolt allow S

Matl (psi) Total Bolt Count Diam
K14072.a] 25100 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42| in
3 s | s | s|s]|s|s|s s | s | s | s s s | ps| ps | ps | ps 5433

3.25 s | s | s|s|]s|s|s s | s | s | ps)| ps | ps|{ps|ps|ps|ps 5.857

3.5 s | sls|s|s|s|s|sipslps|lps| ps |ps|ps|ps|ps|ps 6.281

- 3.75 s|s|s|s|s|s|s |ps|ps|ps|ps|ps |ps|ps|[ps|ps|ps] 6.705
% 4 5 5 5 5 5 ps ps ps Ps ps ps PS5 ps ps ps ps ] 7.1 29
E 4.25 s | s | s | s Ips|pslps|ps|ps|ps|ps| ps [ ps|lps|lps| p | p 7.553

‘g 4.5 s | s|s|ps|ps|ps|ps|ps|ps|ps|ps| ps psips|p|p|p]| 7.977
= 4.75 s | s | ps|ps|ps|ps ps |ps(psips| ps Ips|p|lplplop 8.401
3 5 s | s |ps|ps|ps|ps\lps[Jos [ ps|ps|ps|ps | p|p|p|p|p]| 8825
5.25 s |ps|ps|ps|ps|ps|ps|ps|ps|{ps|ps| p | p|p|p|p|p]| 9249

5.5 s |ps | ps|pslps|ps|ps|ps|ps|ps| p p plplplplp 9.673

5.75 ps [ ps | ps | ps|ps|ps|ps|ps|ps|ps| p p plplplplp 10.097

6 ps | ps [ps|ps|{ps|ps|ps|ps|ps|ip|lp| p |pfpfplp|p] 10521
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QOuter case FEA

29



Combustor housing design

A ASME SectionVIlI, DivalUG-27, UG32

I Cylindrical Sections: 3

T Conical Sectiom 3

A ASME SectionVIIl, Div®@Part 4
I Cylindrical Sections: - Q oo(r[—] p)

I Conical Sectiob —— Q oo(r[—] p)
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Combustor housing design

Minimum Required Thickness on Combustor Plenum”
Rank Material t, t, t, t 1.5*t, [ 1.5%t_
5 N06230 2.60 4.50 11.63 0.89 17.45 | 1.34
4 N06625 2.56 4.43 11.45 0.98 17181 1.47 | | ¢, N7
3 J22091 2.50 4.33 11.20 - 16.80 -
2 J42045 2.36 4.09 10.56 - 15.84 -
1 NO7718 1.34 2.32 5.99 0.51 8.99 | 0.77

“conical section requires 1.5*thickness to accommodate 12 can holes

While NO7718 requires the thinnest vessel sections, fabrication with
low-Cr steels is more feasible. J42045 offers the best allowable
stress at design temperature (8%). Nozzle fabrication will be a
Nickel alloy for high temperature application near nozzle.




S1B design

A Leading edge impingement
A Ribbed serpentine channels
I Ribs not yet modeled

A Pinfin array
A Trailing edge ejection
A Thermal Barrier Coating
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S1B design o thermal and hydraulic network

A Mass flow calculated from pressure differential and area at each flow ejection hole

I Hole discharge coefficients from literature (Cd = 0.75)
. . o_ 0O
i Ribbed channels f/f0 = 10. | ggg,
030!
. . . . . o=0
i Pin fin array friction factor of 0.2 per row. 0,04
o0
czgog
i Significant centrifugal Oopumpingdé with I 5960 | W.
A Thermal resistance network used to estimate blade surface Temperature.
. . . . Z LE Middle | TE
i LE Impingement HTC determined fro@huppcorrelation. T?ngeas oath (C) 1114 I]_ogeg 1064
T - internal cooling (C) |[526.24 445 430
. - s ST - - - R - gas path (K/W) 0.1969 0.06150.0438
I Serpentine channel HTC from modifi€shielinskicorrelation with BP2 test data R~ toe (KA el oo5d oo
R - blade wall (K/W) 0.578(0 0.1156 0.1445
enhancement factor. R - internal cooling (K/W)| 0.7 0.2 0.493
R - sum (K/W) 5.314 1.165 1.642
. - : q (W) 110.4 552.4 385.9
i TE pinfin array HTC from Metzger correlation T - blade outer surface (C|) 667.4 6304 676.9
i Ther mal Barrier Coating ultimatel yKassumed to be 0.01806 thi:
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S1B design o imported CFD results

2121567
2,0687e7

2.01537

1,9637

1.1027

1,8574¢7

1,8046e 7

1.7517e7 0
1.698%e7 Min

Imported pressure loading. Imported convection source temperature
for external heat load.
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