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Agenda

* Historical background for thermal community

* Benefits of tight-knit discipline community

* Example knowledge sharing methods from thermal
* Expansion to other disciplines



Where This Started

* In 1989, NASA GRC held the first TFAWS — Thermal & Fluids Analysis
WorkShop

* All NASA Centers, plus academics & industry

* NASA Delegates meeting for NASA-only discussion
* Uniquely thermal focus
* Informal structure

* Lots of networking time
* Both papers and training



What This Does

* Meeting face to face allows personal acquaintance with
engineers at other Centers

* Allows engineers to be comfortable sharing both
successes and mistakes

Removes the fear factor in asking for help

Informal time allows cross-center networking

Blend of training for younger engineers, papers/panel
sessions for more experienced, and short courses for both

* Knowledge of people at other Centers allows quick
outreach

NASA-only Delegates meeting allows frank discussion




Why Share Knowledge?

Agency Thermal Notebook #

Model Review Template
References

Computer info

Tools

* Employees more prOdUCtive b M-:;E:raclieclMaterialsFcrOutga:Eing
* Avoids trouble-shooting problems others have already solved B
» Benefit from other Centers’ best practices to improve local practices G
e Share work products: documents, procedures, models, etc. Oftee 5
= Thermal Desktop Info
 New employees useful more quickly s ISZ .
FLU'ISN-T Help )
® I m p roves m O ra I e zﬂccle:;le.*.-'iew Template with descripti...
pacellaim
* Easier out-sourcing to other Centers for reviews e oo
Tapes
. o Kapton Heaters
* Potential to share workload as methods standardize
* Helps thermal discipline nationally, by publicly sharing Ml Loy muation (L)

. . Thermal Gap Fillers
knowledge gained paid for by US tax dollars Potetoe
Measurement and Lab Devices
Thermal Straps
Heat Pipes
Thermal Switches
High Temperature Devices



Growth of Sharing Processes

* Annual discussions at TFAWS led to:

* Coalescence around a single main software package

* Centralizing purchasing for common tools

e Panel discussions on common test methods
Passing TFAWS hosting responsibility between Centers
* More understanding of other Centers’ work via tours & papers
* Sharing models and modeling techniques

* Documenting best practices for thermal discipline
* Model development
* Model integration
* Model configuration control
* Hardware selection




Current Knowledge Sharing Methods

Shared drive with OneNote
Centrally edited Guidebook

NESC Technical D
classes

iscipline Team Webinars and Academy

Annual TFAWS papers and short courses

Agency thermal Teams channel

Agency shared hardware inventory

NESC TDT crowd-

sourcing emails

Agency Thermal Knowledge Sharing

There are ssvers| methads on sharing knowlsdge within the thermal discipline at NASA & JPL

ermal share drive, slides that discuss these methods are here:
Thermal Knowledee Sharing vd.pptx

fyou have access to the Agency

The following describes the various methods an how o gst access.

Guidebooks
The Thermal Engineering Guidebook i meant for permanent recording of MASA and JPL thermal best
practices. The released version is availzble on the share drive here. The live edit copy has & restricted list
for sccass and editing, and is housed on SharePoint If you do not have access to the link, please do
not request it on the SharePoint site. Ghing MS reguest. If
1o be a Guidebook editor, th t for *AGCY Thermal Dacu

baok editars is now a

The intent is that the edits in the live edit copy are accspted once a year into the next released revision by
the NESC Thermal TDT, and is then released as a POF on the share drive.

The public version of the Guidebook is avzilable at NTRS at hitps //ntrs nasa
public link - please share with anyane outsids the NASA network you are
difference betwesn the NASA and public versions of the Guidebook is that the public version does not have

live links that revezl path names within the Agency firewall.

A similar valuzble public resource is the Lunar Anzlysis Guidebock, availzble on NTRS at
0210010030.

guidebook use:

n the same location as the Guidebook, with the same restricted access list, is an inventory of thermal
hardware available st the Agency. This effort is just starting, so currently the only Center's availsble
& inventory is LaRC's.

There is a NASA thermal share drive that is far use by any thermal engineer st the Agency. Location is

To get access to the share drive, you submit 3 NAMS request for 'AGCY Windows Drive Share [Tharmal]"
There is ane approval, usually takes less than 2 day.

n the share drive is infarmation sbout the TRAWS conference, envirenment definition documents,
modeling tips, correlation papers, ssmpls testing logs, samgle procedures, 3 GneNots natebook, and more.

[} . which is
and lessons leamed .

ne of the best features of the share drive is the OneNote repository, A
meant for thermal engineers at all centers to record best practices, tips, tricks

The share drive also houses {in the General folder) the latest copies of the Thermal Control Guidebook,
both MASA internzl version and public version.

Teams channe!

everyone who has access to the share drive is sdded 10 the Agency Thermal Teams channel, which can be
used for geners| questions and discussion, 3 well as specific Crowd-s0UrcGing questions. Currently this is
about 200 engineers, and includes the membership of the NASA thermal email distribution list Agency-DL-
Thermal (roughly 200 people, which is why 3 Teams channel is used instead of emailing].

ESC TDT v ite
The NESC Thermal Contral and Srotection Technica| Discipling Team has 2 comprehensive web site with
infarmation on software used at NaSa, test facilities, best practices, matsrial properties, points of contact,
and much more_ Accessible to anyone inside the Agency firewall.

MESC TDT w
The TDT holds regulzr webinars on topics of interest — these can be watched live when given, and they are
warehoused here. Accessible to anyone inside the Agency firewall.

NESC Academy classes
The NESC Academy has 3 huge selection of classes on many technical topics. You c2n browse through tham
all, or filter by discipline. The link below is for the thermal dizcipline classes. Most cdlasses accessible to all,
a few restricted to those inside the Agency firewall.

W5 iz &n annual conference just for thermal a
site has information on the upcoming TFAWS conferance, 25 well &
previous yesrs' TRAWS confersnces. Very useful for reviewing past years' short courses and papers.
Fublicly zccessible.

The conference is free to attend (no registration fee] and rotates to = different NASA Center each year.

endas and procesdings from

Small Spacecraft Technology: Thermal Chapter
This ¢ the thermal chapter in the State-of-the-art in Small Spacecraft Technology report.

d fluid disciplines, including zero, cryg and CFD. The web

WD



NASA Thermal Share Drive & OneNote

Conferences

* Leverages Agency-wide breadth of knowledge Eonmens
* NAMS access request — currently 200 users
* OneNote: —y
* Searchable, quick update of best practice by Agency thermal engineers f{m
* Thermal Guidebook links to OneNote o
e Resources: B v St

E|_." Useful Links for MASA Thermal Engineers

* Released copies of Thermal & Lunar Guidebooks
Slides for new employees
Models, tips & tricks
Code sections for re-use
Sample documents




NASA Passive Thermal Engineering Guidebook

1.0 Scope and Objectives

F

2.0 Sources
43,0 Thermal Engineering Responsibilities
3.1 General Thermal Responsibilities

3.2 Thermal Interfaces with Other Disciplines

* Leverages Agency-wide knowledge

4 4,1 General Approach ta Conducting Thermal A...

4.1.1 Modeling Process Checklist

* Hosted on SharePoint, currently 200 pages R

4.1.4 Collaborative Madeling
4.15 Tool Selection

e ~80 NASA thermal engineers with edit access

4.1.8 What to Include
4.19 Materials

 Edited continually and re-released annually

4.1.15 Inclusion of Multiple Scenarios in a Sin...

* Links to share drive OneNote, TFAWS papers, NESC webinars, S
NESC Academy classes

4,118 Creating Reduced Models

C b S LN 4.1.19 Analysis Limits and Margins

| “Smra | e

&

4.2 Quick Guides for Various Types of Analysis
4.2.1 Conduction
4.22 Convection
4.2.3 Radiation

* Released NASA version on share drive e

[ 4.2.6 Electronics
4.27 Satellites
4.2 8 International Space Station (I55) Payloads

* Public version shares NASA knowledge across

4.2 Model Naming and Documentation

n

Foror eed reih agemal 1

thermal discipline in industry and academia e e

433 Versioning

4.3 4 Analysis Logs
435 Archiving
Losrpalad by

N

4.4 Commaonly Used Inputs
4.4.1 Airf/Ground/Sky/Solar Data
4.4.2 Thermo-Physical Material Properties
I 4.43 Optical Properties
Correlated Contact Conductances
4.45 Bolt Diameters and Wire Sizes
4 4.5 Model Correlation
4.5 General Approach
4.5.2 Files



https://ntrs.nasa.gov/citations/20220006584

NESC TDT Webinars

* Great for live demos of modeling techniques with minimal
preparation time

 Leverages Agency-wide breadth of knowledge

e Captures current knowledge of those who may leave Agency or
transfer to other area .

Using the GPM Observatory Thermal Moded in & Team Environment (10-25-10)

I James © Angus. madfed & Years ego.

Demo of the Ares I-X Vehicle Thermal Model Features (8-30-10)
£ I Alexandra Deanna Wal<er, modiod £ Years ego.

Impreving Efficlency with AutoCad - Warren Davis - February 19, 2020

Daric! Lyndon Hoflaur, modifisd 3 Years ago

wil  File Plotting Tools - Salvatore Scola (5-20-13)

= SAGE Il - Ruth Amundsen (4-10-14)
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mem Daniel Lyndon Hoffpaur, modiied & Years ago.
Solar Probe Plus Thermal Protection System - Doug Mihok (6-24-14)

» 353875717

M D! Lynedon Hoffpa, medifed 3 Years ago
MESC GMM/TMM Converter - Hume Peabody, Kan Yans (10-7-14)




NESC Academy Classes

* Leverages Agency-wide breadth of knowledge
* Great resource for those new to discipline

* Public lessons share NASA thermal knowledge across entire thermal
discipline in industry and academia

* Thermal classes ~5000 views/yr, 40K lifetime views

o 03K
0.0K

.. 2011 2AH2 - 24 25 208 2H7T 2018 2018 2020 2021




TFAWS Annual Conference

Sesslon Descriplions Abstract Submissione  Vendor Participation Registration

i ?
~ TFAWS 2022 What is TFAWS?

+ Long-standing “NASA-owned” Community . e
Of P ra Ct i C e ( CO P ) WO r kS h O p ¥ About 5 over time and between dsciplines throughout the thermal and Muids eagineering comimunin.

* Co-sponsored by NESC Passive Thermal,
ECLS, Aerosciences and Cryogenics

* Meet and network with thermal engineers
at other Centers and locations

* Papers, short courses, training, social
events

* Public papers share NASA thermal
knowledge in thermal discipline
to industry and academia

* Guidebook links to TFAWS papers
* NASA-only Delegates meeting




Agency Thermal Teams Channel

* Agency thermal Teams channel for whole d|SC|pI|ne Agency

discussions = JEE
* Same 200 engineer membership as share drive
* Informal discussion, archived and searchable e e

e Every technical discipline can have their own
similar Teams channel for Agency-wide discussion!

why it




Shared Thermal Hardware Inventory

* In 2019, a GSFC program needed flight thermostats
* LaRC supplied 45 spare thermostats from earlier program
e Saved GSFC cost and time

* Informal sharing of materials occurs via crowd-sourcing emails to
NESC TDT

L] L] L]
* Currently starting shared hardware inventory to allow more of this
’

o Note that columns in grey text are optional, column in blue text is calcuated. Fill out as much information as you have o

h O Ste d O n S h a re PO I n t If you request and remove an item, update the 'quantity removed' column — the 'quantity remaining' column will update
Please enter part number, or specifications (size and resistance), or both

If it is something with an expiration date (such as the adhesive on a heater), please indicate if it is expired in the Notes cc

For Tayco heaters, note that this page has 'TaycoHtr-TPC-6002 F-Flex-Page3.pdf' which lets you decode Tayco part numb

* Sample page 2

\reprisal\thermal\OneNote\Agency%20Thermal%20Notebook\Thermal%20Hardware\Kapto! OHeaters.one#SAGENI%20Flight%20Heaters&section-id=|

Item Type 1 Description = Part Number - Manufacturer / \/endm"v Serial \Iumlw’v
Heater Wire-Wound TPC6002-K2-1-51-2.6-4-5-R906-W3-36-1-Q1-120 Tayco 001, 002, 003, 00¢
Heater Printed Circuit TPC6002-K1-1-51-2.6-4.0-5-R567-W6-36-1-Q1-120 Tayco 001 - 003
Heater Printed Circuit TPCO002-K1-1-51-4.0-2.6-3-R575-W6-36-1-01-120 Tayco 001 - 006
Heater Printed Circuit TPC6002-K1-1-51-2.6-4.0-5-R543-W6-36-1-Q1-120 Tayco 001 - 004
Heater Printed Circuit TPC6002-K1-1-51-1.3-7.0-5-R514-W6-36-1-Q1-120 Tayco 001 - 006
Heater Wire-Wound TPCO002-K2-1-51-1.6-2.8-3-R514-W6-36-1-01-120 Tayco 001-012
Heater Wire-Wound TPC6002-K2-1-51-1.0-2.7-5-R1553-W6-36-1-Q1-120 Tayco 001 - 024
Heater Wire-Wound TPC6002-K2-1-51-1.3-7.0-3-R970-W6-36-1-01-120 Tayco 001-012
Heater Wire-Wound TPCO002-K2-3-61-4.5-0-3-R1134-R970-R970-W6E-36-1-Q1 Tayco 001-009
Heater Wire-Wound TPC6002-K2-1-51-1.6-2.8-5-R1026-W6-36-1-Q1-120 Tayco 001 - 006
Heater Wire-Wound TPC6002-K2-1-51-1.0-2.7-53-R1254-W6-36-1-Q1-120 Tayco 001 - 006
Heater Wire-Wound TPCO002-K2-1-51-1.3-7.0-3-R863-W6-36-1-01-120 Tayco 001 - 006
Heater Wire-Wound TPC6002-K2-1-51-1.0-2.7-5-R1694-W6-36-1-Q1-120 Tayco 001- 012
Heater 26 Ohm 112-7338-591
Heater 181.5 Ohm 112-7338-392 002, 003
Heater 40.05 Ohm HAPG6345 Minco
Heater Polyimide Insulated Flexible Heaters Omega
Heater 181.5 ohm 112-7338-592 Tayco 002, 003




Agency Contract for Software

* Common thermal software package, Thermal Desktop, purchased on
centralized Agency contract since 2005

e Saved time of engineers writing PRs
* Came about because of agreements reached at TFAWS

* Now moving to sharing licenses on HQ servers

e Common tool and common licensing Hjj
e Saves procurement time
* Allows sharing lessons learned
* Allows sharing work




Guidebook Practices

* Having Guidebook to define best practices drives
many improvements

* Model versioning and log ‘ HEE e
* Important for interfaces with other disciplines like structural
and aero
 |deal if all interfacing disciplines used model versioning
i TVAC |Og NASA Passive Thermal Control
Engincering Guidebook
[ ]

Model integration
Software selection
Hardware selection

Developed with support from the WASA Engimecring and Safety Center (INESC) Passive
Thermal Techmical Discipline Team (TDT)

Compiled by:
Eaitlin Liles snd Buth Amundsen

Werston: 4.0
Date: September 25 2023



Why Thermal Tends to Network

 Many discipline interfaces: structural, mechanical, electrical, power, aeroheating,
trajectory, optical, controls
* Tracking multiple inputs & outputs

* Thermal models often have many engineers working in them simultaneously
* Forces good communication and log-keeping

 Thermal lead often migrates to systems, forcing good log-keeping as another engineer
takes over model

* Thermal persists throughout project lifecycle

_ Structural
e Large scale model like ISS used by many payloads

Trajectory

i

* Model correlation forces good note-keeping Optical S
erma



Expansion to Other Disciplines

* Not all disciplines have same inherent networking as thermal
* But can still work to share knowledge the same way

* Ensure all engineers feel empowered to share ==
lessons learned

* Emphasize being good citizen of the community

* Create paths for that sharing:
OneNote

Guidebook

Teams channel
Hardware/software inventory
NESC Academy classes

(’%/: NESC Academy

NASA Engineering and Safety Center

* Browse By ~ isciplines = ists = MNESC Academy ~




How Does This Sharing Benefit NASA

* Analysts learn from mistakes made by all in the discipline
* All Centers have access to best knowledge and practices
* Less competition between engineers from different Centers

* More cooperation between Centers

* Shares info on methods and materials saves time
e Sharing spare hardware saves time and money

* All engineers feel like good citizens of their technical community




Methods to Improve Networking

e Support ways of building trust between Centers in your discipline
* Annual Agency-wide discipline meeting
* Tagups between discipline leads at each Center
* Agency-wide discussions of software use, testing, etc
 Start centrally-edited best practices document
* Shared OneNote for tips and tricks
 Start shared document of info for new hires

* Form an inter-Center task group to discuss which sharing methods
would be beneficial

* Build on NESC technical team for your discipline
e Start with small changes and grow




Conclusion

* Thermal discipline has developed many methods for knowledge
sharing over the last two decades

* Those methods have had many benefits for engineers working in
thermal, increasing effectiveness and lowering frustration

* Other disciplines could benefit by adopting some of these sharing
methods

* When you learn a lesson or new technique, consider the best way to
share that knowledge

* Include in training for new employees



Links to Knowledge Sharing Methods

* NASA thermal share drive \\reprisal\thermal

* NASA thermal OneNote

* NASA Passive Thermal Engineering Guidebook (public)
 NESC TDT website https://nen.nasa.gov/web/pt

* NESC TDT webinars https://nen.nasa.gov/web/pt/webinar

e NESC Academy classes
* TFAWS https://tfaws.nasa.gov/



onenote://reprisal/thermal/OneNote/Agency%20Thermal%20Notebook
https://ntrs.nasa.gov/citations/20220006584
https://nen.nasa.gov/web/pt
https://nen.nasa.gov/web/pt/webinar
https://nescacademy.nasa.gov/catalogs/e130f742fd3f4898b64ce267856d69d84d
https://tfaws.nasa.gov/
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