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ALRDED for heat exchangers
AEvaluation of thiawvalls and features
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AM process selection balances design requirements, process
limitations, and programmatic considerations.
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Example of LIDED with small features )
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NASA HR (FeNI-Cr) Is a high strength super alloy developed for hi
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pressure hydrogen environmente(HR = Hydrogen Resistant)

17507

1500 ¢

—

[

th

o
T

1000

~1

n

o
T

500 §

Ultimate Tensile Strength (MPa)

2
N
o
I

T T T

Alloy 718
Alloy 625
® NASA HR-1 2-Step Age
—&— NASAHR-1 1-Step Age
& SS316L

Il 1

o

250 500 750
Temperature (°C)

1000

Ultimate Tensie Strength at 600°C (MPa)

1100

1000

900

800

700

600

500

400

300

200

|

|

|

(O Alloy 718 (LP-DED)

. NASA HR-1 (LP-DED)

Alloy 625 (LP-DED)
,")

SS 316L (LP-DED)

.'L'3 =
SS 347 2 el

| ' | s | ' | : | . | : ] : L 1 | :

. |

|

0 5 10 15 20 25 30 35 40 45
Hydrogen Embrittlement Index (HEI), %

50



Manufacturing

Angles Tolerances

ARERS

Features (holes, Part Wall .0.0.0.8.0 u.«....,@ "C-w
channels, etc) Geometry Thicknesses - -

Surface _ Hin vR
Texture A A “| AA AAA
\ Powder Outlets

AM process limitations consider several aspects th
constitute the asbuilt geometry {e. no processing)
for heat exchanger applications.




Areal Surface Roughness, Sa [ pm |
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A Various channels built on an RPMI| 557

machine targeting 1 mm wall thickness. _
A Channels built with fine (145 pm) and 3 ~°
coarse (4% 105 um) powder sizes. < L B
A Successfully deposited channels down to | @ ﬁﬁﬁm:x*:.“ |
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2.54 mm; smaller channels resulted in I o
iIncreased powder packinge( clogged
channels).

A All channel samples are smaller cross
sectional than aslesigned areas due to
powder adherence and melt pool N l
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Surface Texture of -PED Process

A Surface texture is a critical aspect of design due to impacts to heat transfer, friction faci
resulting in pressure losses, and fatigue life.

A Areal surface roughness (Sa) is higher in coarse powder samples compared to coarse

A There are minor differences in channel samples between internal and outside surfaces
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Geometric Build Limitationg Angles

A Coarse Powder
(45¢ 105 pm)
A 350W Power
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Gradl, P.Cervone A., Colonna, P., 2023. Influence of build angles orviaihgeometry and surface texture in laser powder directed energysiipn. Materials & Design 234, 112352. https://doi.org/10.1016/j.matdes.2023.11235
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Downshndnnéﬂ,

Gradl, P.Cervone A., Colonna, P., 2023. Influence of build angles orvtialhgeometry and surface texture in laser powder

Increases In thickness with increased angle

Build Direction

directed energy deposition. Materials & Design 234, 112352. https://doi.org/10.1016/j.matdes.2023.112352
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The Design Intent
Reality




A Surface enhancements had a significant impa
on discharge coefficient (Cd)
A A minimum of the average powder particle siz

(70 pm) must be removed to reduce texture - . - .

Average Primary Areal Texture, Sa (um)
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ATested nozzles from 2K to 38 thrust class.

AAIl major propellants tested (LOX/H2, LOX/CH4, LOXYRP
AAccumulated over 16,289 sec and 488 starts on various nozzles
ASingle nozzle accumulated 207 starts and 6,756 seconds.
ANozzles all tested successfully and met performance expectatior
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geometry and ability to deposﬂ thiwalls for channel wall
yv21 1 £Sa dzLd 62 cnéb 6mMdp YU

AManufacturing demonstration components and samples
completed to understand the EPED process capabillities.

AVarious geometric limitations for channel sizes, angles, and
surface texture were evaluated and characterized.

Almprovements being evaluated for internal channels including
surface enhancements (polishing) and characterization of wit
the ability to tune the surface texture. B

AHotfire testing accumulated 16,289 sec and 488 starts.

AFuture experiments and analysis will evaluate flow testing wit
various types of polishing processes.
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