This is a work of the U.S. Government and not subject to copyright protection in the



09 JUNE 2026

Extending mARC Il Arc-Jet Test
Duration via Design and
Implementation of Mods
Cooling Sleeve

Kate Edwards: Mechanical Enginee
Jocelino Rodrigues: Research Fellow, NAS
Daniel Philippidis: Facility Engineer, NASA A

NASA Ames Research Center, Thermophysics Facilitie

This is a work of the U.S. Government and not subject to copyright protection in the Unite d States. Publis ed by the Americal


Presenter Notes
Presentation Notes
This work presents the design, integration, and validation of
a cooling sleeve implemented on the sweep arm drive motor feedthrough to mitigate thermal
accumulation during testing. The addition of the cooling sleeve is a simple, robust upgrade
that translates directly into enhanced facility capability by supporting longer run durations,
reduced turnaround time, and higher throughput.


Facility Overvie
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MARC Overview

= Up to 4-30kW power

= Up to 69mm model position from nozzle
= Upto1l” diameter models

= Two motors for model positioning

= See previous AIAA papers for more
details:

= MacDonald 2023 (AVIATION)
= MacDonald 2019 (AVIATION)
= Rodrigues 2024 (AVIATION)

= Palmer 2025 (AVIATION)

= Rodrigues 2025 (SciTech)



Presenter Notes
Presentation Notes
The mARC II is a 30 kW arc-jet facility at NASA Ames Research Center used to generate
high-enthalpy flows for low-cost thermal protection system (TPS) technology development. We have three other larger arc jets at Ames, but this one was developed in order to lower the barrier of entry for testing.
Run at a minimum of 4kW up to 30, models can be placed up to 69mm away from nozzle outlet, accommodate up to 1” diameter models, and currently installing a second motor which will double how many models we can test at a time.
For more details, please see previous AIAA papers by my coworkers. 


Project Objecti




Uncooled Model System

= Heat transfers from model,
though swing arm, to shaft and
feedthrough.

" Ferrotec ferrofluidic feedthrough
used for vacuum sealing motor
shaft.

= Max operating temperature of
30°C.
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Presenter Notes
Presentation Notes
The model positioning system is uncooled and therefore has a limited runtime. The picture on the right is a top-down view of our system, looking at three sensors in front of the nozzle. Heat transfers from the model or sensor, through the support arm – wrapped in insulating refrasil here – to the motor shaft and our ferrofluidic vacuum feedthrough from Ferro-tec. This feedthrough has a max operating temperature limit of 80C. 


Uncooled Model System

= Heat transfers from model,
though swing arm, to shaft and
feedthrough.

" Ferrotec ferrofluidic feedthrough
used for vacuum sealing motor
shaft.

= Max operating temperature of
30°C.




Initial Heating Data

* Thermocouple data at support arm
to find max run time.

" Limited to 450s or 7.5m with self- emmmie— T
. 0O . . _ /// /// _90 o,
imposed 100°C limit at support | ot /4 s
arm. ‘- —Rw2|| g

. . - 70 &

= Minimum power 4kW (current and ; P

flow rate) Lo o A8 : : = g

= Maximum distance i | - E

1 sweep | sweep_ ! 40 o

. o N ] mn / out\‘: : GBJ

= System insulated with Refrasil = i 50
0 200 400 600
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Presenter Notes
Presentation Notes
In order to find the maximum run time we could achieve with an uncooled system, we attached a thermocouple to the support arm and set an arbitrary limit of 100C, knowing the ferrofluid would heat up slower than the arm. We ran a test at our lowest possible power and the model at maximum distance from the nozzle, and ran for about 450 seconds before deciding to sweep out. This is a decently long run time, but one we need to be able to achieve at any power and any distance. Hence the need for a cooling system.

At can’t achieve lower currents with power supply and lowest flow rate and still achieve arc on. 


Proposed Solution

cooling sleeve

" Aluminum sleeve to be
installed over feedthrough.

= Advantages:
= Fast turnaround
= Simple design — no moving parts
= |nexpensive
= Balance of conductivity and
strength
* Disadvantages:
= Small cooling area
= Far from heating source

motor shaft

ferrofluidic fluid — 80°C limit
feedthrough cover
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Presenter Notes
Presentation Notes
Solution proposed by Daniel Philippidis is a simple sleeve that would slip over the outside of the feedthrough to directly cool the most critical component. The biggest advantage is the simple design provided for a fast turnaround, since we had customer testing approaching that needed this solution. 
As long as we could achieve better performance than what existed, it didn’t matter if we have perfect performance. 


Analysis Overvi
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Presenter Notes
Presentation Notes
In order to understand how effective the design was and get it approved by our pressure systems group, I needed to perform some analysis


Big Questions

= Will the existing pump be ableto — = AFT Fathom A':..T
handle the additional flow? = Incompressible Flow Solver
=  Will the sleeve sufficiently cool — =  ANSYS Fluent

the feedthrough at highest
heating conditions?

= Will the sleeve be able to " ® ANSYS Mechanical . \nsys

mechanically withstand the = Static Structural FEA
pressure/temperature?

= Steady State Fluid Flow

| #AlAAaviation



Presenter Notes
Presentation Notes
Three big questions we need to answer that require three different analysis tools. 
AFT fathom: incompressible flow software commonly used for piping systems to calc pressure drop and flow distribution
Fluent: CFD solver
Mechanical: fea software for structural engineering
These analyses also need to be performed in this order, as the outputs of each one become the inputs for the next.


Analysis Map

Inlet & outlet manifold
pressure

Piping geometry

Sleeve flow coefficient

Water temperature

Material temperature

| #AlAAaviation

@ AFT Fathom emmd

= Sleeve inlet/outlet pressure

=  System volume flow rate

-

Material properties

MAWP + Vacuum

Mechanical

=  Material properties
= Heat Flux

= |nlet water temperature

=  Deformation

=  Stresses on cooling sleeve

NASA AV'AT“)N .



Piping Analysis

AFT Fathom
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Setup Results

" |nput supply & return pressure " Flow rate
" Piping material, lengths, heights, = Sleeve inlet & outlet pressure
iInner diameter n _
inner diameters, bends " APgieeper = APsieever
= Sleeve flow coefficient Ci—C,
" erTore, = = .16%

, Cy
® SGW

Sleeve 2

Supply manifold Sleeve 1 Return Manifold
P
é > P2 3

P1
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Presenter Notes
Presentation Notes
Input manifold pressures, set up the flow path from manifold, to the first sleeve, the second sleeve, and then back to the return. Input piping details.
Calculate the sleeve flow coefficient using an initial CFD simulation just looking at fluid flow. We put in an arbitrary pressure gradient, and get the volume flow rate out, allowing us to calculate cv.
Results show that our flow rate is acceptable, and gives us the inlet and outlet pressure for the sleeve which will become our CFD boundary conditions. We can also perform sanity checks like the pressure drop across the sleeves are the same, and if we re-calculate Cv with the Fathom results, it’s less than .2% different from the Cv we put into the system.


CFD & Thermal

ANSYS Fluent
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Inputs

3 TR - - 100
. 1 temperature limit / 7 i —
= Water inlet temperature | Y o D
] / [ =
. . Tormox 0.14¢ i 2
" Material properties Cpmilbso S
i 2
70 =
" Heat flux | o
1 T o 0.181 ; g
u Q —_ meAT I ;_50 %
= _ :sxggep ;—40 @
Q 3505  — / t\. 50
- . 30kW . '
= () = (Q * 0 200 400 600
max kW dwell time ¢t [s]
= § == =45KkW/m?
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Presenter Notes
Presentation Notes
Maximum Operational water inlet temperature. Material properties for the aluminum, steel shaft, water, and ferrofluid. 
We then used the data from the previous run to calculate how much heating we expect to see where the model support contacts the shaft. 
We start with…
Heat energy: M – mass of sweep arm; cp of stainless steel; delta T from 100s to 450s
Heat power: divide by the linear duration
Scale for maximum mARC heater power
Heat is passed to shaft via contact with the swing arm mount. Divide by contact area.


Model Assumptions

" Only model section within test
box

" Assume bearing as solid steel

" Shaft is only heated surface
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Presenter Notes
Presentation Notes
Only model section exposed to vacuum to reduce number of elements
Only heating at shaft


Results

= Ferrofluid all remains below 80°C
" Edge of bearing reaches 120°C
= End of shaft reaches 860°C

Static Temperature
[C]

118

l 111

Static Temperature 102

- 94

861 - 86

l 781 - 78

701 - 70

- 621 - B1

- 541 53

- 461 l 45

- 381 97
- 301

221 bearing-temp
l 141
61

shaft-temp

WA



Presenter Notes
Presentation Notes
Ferrofluid, feedthrough cover, aluminum sleeve all remain below 80C. 
Expect this to be within the range of the bearing operating temperature based on typical bearing lubricants. Added thermocouple on the shaft next to bearing to monitor temperature. 
This temp for the shaft is about half the melting temperature of the steel – experiences relatively low stresses.




Static Structural
ANSYS Mechanical
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Boundary Conditions

C: Static Structural Design Pres
Static Structural

"  Frictionless support .

5/27/2026 5:53:42 PM

[ | Qu a rte r Sym m et ry [ Pressure: 1.6547 MPa

[Bj Frictionless support

= Set screw
= MAWP + Vacuum

= Elastic modulus at maximum
temperature used

= Stays near room temperature

P el
e -
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Presenter Notes
Presentation Notes
Apply frictionless support at quarter symmetry faces and set screw location. 
Applied maximum allowable working pressure of cooling system based on safety relief valve settings and added effective vacuum pressure.
Usually use elastic modulus values at maximum component temp from CFD, but sleeve stays near room temperature

Thermal expansion wasn’t considered in the paper – not enough boundary conditions to restrict expansion of the sleeve.
Expansion between components not expected to cause stresses – not very large temperature changes between mated components.


Results

C: Static Structural Design Pres
Equivalent Stress
Type: Equivalent (von-Mises) Stress

C: Static Structural Design Pres
Total Deformation
Type: Total Deformation

Unit: MPa Unit: mm

Time: 15 Time: 15

5/27/2026 5:52:35 PM 5/27/2026 5:55:51 PM
:g: Max 0.0021197 Max
15-4 0.0018845
. 1 0.0016493
. -+ 0.00714141
e 0.001179
- 0.00094378
4.4 L 0.00070861
2.21 0.00047343
0.00961 Min 0.00023825

3.06842-6 Min

19.8 MPa less than ASME allowable 75 MPa 2.2 x 10 mm deformation



Presenter Notes
Presentation Notes
Maximum equivalent stress of19.8 MPa well below ASME allowable of 75 Mpa. It occurs near the inlet, which is expected since the large hole acts as a stress riser
Total deformation is … very small, no need to be concerned about the o-ring seal or threaded connections.

Thermal expansion wasn’t considered in the paper – not enough boundary conditions to restrict expansion of the sleeve.
Expansion between components not expected to cause stresses – not very large temperature changes between mated components.


Installation anc
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kmedwar2
Presentation Notes
This is my favorite part of the presentation where we get to talk about stuff not in the paper, and the success we've seen so far.


Two Sleeves Successfully Installed

" Pressure test passed

= Ran Space X and Blue Origin
tests successfully

= Durations up to 750s at higher
power and closer to the nozzle

" Placed thermocouple between
feedthrough and model support

| #AlAAaviation



Further Analysis

* Thermocouple reached steady Thermocouple Location
state at 160°C |

= Re-ran CFD analysis to reflect Flye Temperaue
test conditions o

= Analysis thermocouple e
temperature was higher oo

142.79
' 89.82
36.85

bearing-temp

= 247°C

" Points to conservative analysis
as expected

S & WL
Q-v < a, “‘&mf‘ .
it w



Presenter Notes
Presentation Notes
As an engineer conservative results are great, as a scientist it can’t be used for predictive purposes… At least not yet
With just one data point, can’t determine if analysis overestimates the heating, underestimates the cooling, or a mixture of both. Which leads to some of our goals for future work…


Future Work

| #AlAAaviation



Operational Design

= [|nstall flow meter = Short term
= QOperational need to " |ncrease number of models
guarantee cooling held by support arm
= Extra surface thermocouple " Longterm
" [nform future modeling and "= Remote axial movement
understanding of heating = Expanded cooling

| #AlAAaviation y o T a : ' - \ NCA\SA AVIA-{ie)N
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Presenter Notes
Presentation Notes
Main operational goal is to install a flow meter so we can guarantee cooling during a run and check water temps. We may also install an additional surface thermocouple in order to better understand the heating we get at different arc powers and distances from the nozzle. 
Design goals in the short term are to increase the amount of models each support arm can hold. Long term we’re looking at being able to axially move the models remotely and expand the cooling capabilities. 


Come Test with Us at the Mini Arc!

To schedule testing at the arc jets: TSF Branch Chief: TSF Website:

Peter Race https://www.nasa.gov/ther
Phone: 650-604-4361 mophysics-facilities-

Email: peter.s.race@nasa.gov branch/

=  Enrique Carballo
=  Phone: 650-448-4089
=  E-mail: enrique.carballo@nasa.gov

For general inquiries of mARC:
=  Megan MacDonald
= Phone: 650-604-2606

=  Email: megan.e.macdonald@nasa.gov

For general inquiries of our large arc jets:
"  Frank Hui

=  Phone: 650-604-5395
= Email: frank.c.hui@nasa.gov



mailto:enrique.carballo@nasa.gov
mailto:megan.e.macdonald@nasa.gov
mailto:frank.c.hui@nasa.gov
mailto:peter.s.race@nasa.gov
https://www.nasa.gov/thermophysics-facilities-branch/
https://www.nasa.gov/thermophysics-facilities-branch/
https://www.nasa.gov/thermophysics-facilities-branch/
https://www.nasa.gov/thermophysics-facilities-branch/
https://www.nasa.gov/thermophysics-facilities-branch/
https://www.nasa.gov/thermophysics-facilities-branch/
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