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sCO2 cycle promises more compact turbomachinery than
supercritical steam or helium cycles

| | Steam turbine: 55 stages /250 MW
Mitsubishi Heavy Industries (with casing)

Ji Helium turbine: 17 stages /333 MW (167 MW,)

X.L. Yan, L.M. Lidsky (MIT) (without casing)

Im
:' sCO, turbine: 4 stages /450 MW (300 MW,)
without casin
( l $-CO,
Note: Compressors are Cooler
comparable in size
Adapted from Dostal (2004) ' :
m
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A 10MW 275 bar 705°C compact integrally geared radial
Inflow turbine was designed under DOE-EERE 7114

Q First Stage
e Diameter ~ 230 mm
e Speed ~ 18000 rpm
e Power ~ 3.5 MW

674,15
650,32
644,49
629,66
614,83
600

171.95 Min
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Whoever said that compact turbomachinery
was a good thing never machined a single
piece shrouded impeller from Inconel 740

Q Quoted Estimate

500 hrs. on the
machine

e $100/tool *500 tools
e NRE $10k/wheel

a ~100,000 USD
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How else can a high temperature
closed sCO2 impeller be fabricated?

a5 axis edm — Very expensive
a Cast Alloy — Received several no-guotes
Q DMLS?




DMLS, SLM, AM Process Overview

Matrix of sintered
support material and

unsintered powder Part

Unsintered
powder N

Base

(c) Post-processing: stress-relief,
remove supports, rough machining,
additional heat-treat

(a) Middle of “growing” process

(d) Post-processing: finish machining,

@,w (b) End of "growing” process surface finish treatment




DMLS in Turbomachinery

O Published data are scarce

0 Stationary and rotating parts have
been “printed”

a Published application of DMLS to
rotating parts limited to
deV‘ How does a superalloy manufactured
W addltlvely compare to cast or forged

 Aisuperalloys?
Micivwiivultiact i e ciuseu Inripeleil s
and turbines
— Overspeed test successful at 1140 ft/s

— Overspeed test to failure at 1403 ft/s
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A total of 24 samples were printed

Q 14 XY samples
Q 10 Z samples

®
@’ © Southwest Research Institute 2012

]

38

\nnw”“

32 33 34 35 P66 37

T

Hl

31

]ITHIHH’Hh’ﬂiﬂ’ﬂll,”

(o))




Points were selected to allow for a direct comparison
to cast Inconel 738 properties and additionally design
stresses at elevated temperatures
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Raw data shows that creeps faster in the XY orientation
than in the Z orientation, and that DMLS creep strength is
Inferior to cast creep strength

Rupture Time vs. Stress for Inconel 738
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Conventional Rupture LMP
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Strain Based LMP
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Stress (ksi)
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at .67 Rupture versus Design Temperature
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Tensile and Yield properties in the two
orientations were generally similar

Q 600C ——————
e 20% | yield
e« 20% 1 UTS
Q /700C
« 5% | yield
« 10% | UTS

Stress [ksi]

Temperature [F]




Per plastic collapse analysis, the impeller
should survive 100,000 hrs. without failing
due to creep.

J: Rotating Model Linear Structural
User Defined Result
Expression: BFE

C: Static Structural
Equivalent Plastic Strain

2.5e-5
1.25e-5
1 Min

Tirme: 3 Type: Equivalent Plastic Strain
/262018 827 P nit: mrmfmim
Tirme: 1
11864 Max 2/19/2018 10:20 AM
703,81
666,28
67415 0.0096646 Max
650,32 0.0007
AL L 8,755
620,66 || 75.5
614,53
GO0 — 5.25&-5
171.95 Min — Se-5
— 3.759e-5
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Conclusions

a Z Orientation

e Allowable stress for 100,000 hr service life at
700°C 1s 5-10% lower than cast Inconel 738LC

a XY Orientation

e Allowable stress for 100,000 hr service life at
700°C i1s 51% lower than cast Inconel 738LC

a Allowable stresses are still sufficient to build
the designed impeller and survive creep.

SwhI .
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