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* The dominant ion, H;0%,
from the hydrocarbon
flame zone is found
experimentally and
numerically.

* The ion transport is
dominated by the
electrokinetic drift while
the ion convection and
diffusion are relatively
small.

* Chemi-ion driven wind is
the result of the ion drift.
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Introduction, Background and Motivation

Introduction
Advanced Combustion via Microgravity Experiment (ACME) —
E-FIELD Flames (Electric-Field Effects on Laminar Diffusion Flames)

Copper Mesh

Coflow or Single-jet
Burner

E-FIELD Flames log of test points and flames ignited
First round of tests, with the coflow burner, in March to May 2018 (Increment 55)

. Experiment Flow , . A
Test period Conditions Fuel Bottle Conditions Burner E-Field test types | E-Field Flame Tests PSE

B - MICROGRAVITY
10 wks over e A - e Coflow burner | conducted with 131 pts s PHYSIGAL SCIENCES DATA
42 H4, C2H4 |4 kinds of bottles| 4+ fuel/air fl - FERELC LS s ElEs S

3 months + conditions | CH4, C inds of bottles| 4+ fuel/air flow combinations 1 tube diameter e T 120 pts ignited £

2 polarities

Second round of tests, with the gas-jet burner, in Sept.-Nov. 2018 (Increments 56-57)

5+ procedures

Gas-jet burner | conducted with 120 pts
1 tube diameter 1 script and 99 pts ignited
2 polarities

08 wks over

32+ conditions | CH4, C2H4 |4 kinds of bottles| 2+ fuel flow combinations
3 months

*Flames ignited is the number ignited on that day (neglecting the day change on ISS). 251 pts

Pre-flight and post-flight activities are generally not addressed in this report. OVSrN [ i Tiemes 219 pts ignited

The numbers reported here only give an integrated overview of the E-FIELD Flames experiment. The actual
scientific insights depend on the set of data and experiment conditions on each test day.

5
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Y.-C. Chien, D. Stocker, U. Hegde and D. Dunn-Rankin,
Electric-Field Effects on Methane Coflow Flames Aboard the International Space Station (ISS): ACME E-FIELD Flames

Vol 246, Nov. 2022, Combustion and Flame (gold open access)
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Positive Field Data

Overall results
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Y.-C. Chien, D. Stocker, U. Hegde and D. Dunn-Rankin,
Electric-Field Effects on Methane Coflow Flames Aboard the International Space Station (ISS): ACME E-FIELD Flames
Vol 246, Nov. 2022, Combustion and Flame (gold open access)
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This loop relies on an unsteady, fully coupled electrodynamic, fluid dynamic, and chemical kinetic system simulation.

= .
— . . ~— -
Predicted H;0* concentration is physically unreliable - > 2T 4 ‘\y-r_(
PéleLMza massively'paraliel low Machn Freactive |
e solvérwith Adaptive Mesh Refinement! ’ -
a'turb_ulf:;t fixdodecanejet flame in dieseilygmé/condinons — o .
’ : qk_ z P i ‘ _” -
Flame produces ions lons are driven by i -
based on reaction the electric field to based onsandard CHE 55&%
intensity driven in part create convective wind ) : ysico-c
by the electric wind A in the flame system
@09 Fla,,, Transient 29 Fla,
https://www.proquest.com/docview/2558090910?pqg- © = ]
origsite=gscholar&fromopenview=true p111, Lopez-Carama Flame Response

Challenges in predicting charges species - =

Electric Field Strength 1 Electric Field Strength 2

Electric wind changes the flame
shape and reaction intensity

Link the changes in the flow field driven by the ions to the changes in the flame behavior, and then
connect the changes in the ion production that results from the changes to the flame.

“PeleLM CFD of lon-Driven Winds from Diffusion Flames” for E-FIELD Flames ISS data mining and analysis, NASA PSI Project, Jan 2022
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PeleLM E-FIELD Flames — NASA PSI Project

» Hwwdedvklj#hdOP h [ ra#khiK F Bfdp sxviK k#Bhuryp dgfhif rp p xqil# rp sxviy]#
F ocvhuK SF 6 #wikhiThvhduEk#F |ehulyidvax fwchif hquhubUF IF  Hgiikhif ocvd

> Xvij#fiovk#friarz exughu hrp hwi Avhwiks #ikh#g e rqgidraqviiggierxggdul #
fragitrgviiruh {uxghgtixhdixehie rxagdul # Tk#clp hilj girgHivawis #ahsv, 1

» Wkhithz d #raqvhuhg#f rghi#z ik#e rigp hqvirgddf | Gouf ddf rrghdvnv Allgg#iighvd thgi#
vhulilf dwir gy f xghvitkhitybhie rxggdul #nvwik ki 1ifkawilgod hxp dgatfragidrgv /A
exuwghufz dakk Fnghvviflagierxggdul thihfwk hih#indihgl

» Qhzd#b sdip hqhghd fwif fihg# rghtz dviowrgxfhg¥F dvhiyhulif dwiraiz Tk
jyldwrgddirufhifiagih Furjwyin #ively ] feduif xoud #ir fxviy] #rafikhif g hira#
surfhvvAqgikrz # hai rayhu hvitr#nhdg | #rvavn

M. Donzeau, L. Esclapez,
M. Day and Y.-C. Chien,
Recent Progress on
numerical simulation for
microgravity electric field
flames, 1D04, US
National Combustion
Meeting, Texas 3/20/2023
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Y.-C. Chien, D. Stocker, U. Hegde and D. Dunn-Rankin,
Electric-Field Effects on Methane Coflow Flames Aboard the International Space Station (ISS): ACME E-FIELD Flames
Vol 246, Nov. 2022, Combustion and Flame (gold open access)
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PeleLM E-FIELD Flames — NASA PSI Project

> VD xawiyj #rgHxuhqukvihi# #Thg jrlgg# #F xhgqrwihgxfhgip hfkdgip AD#

thgxfhg#fkhp ¥Fddb hfkdqp #rutkh#trp xdirqi #hdFwiihgib hvkdgh2i1#iclp hv /A5 94

vshf hvifigg#t 6 7#hdfwrguiifog ] #e risrvidvhifrgviK F R . #lggiK 6R . ,Argh#
ghj dviyh#irq#R — 54 Abggfkhihdfwrgvl
grH#3143492ifrp exvviclp h153551445579 ,#

»  Ghwithgivhwiyj vilgfogj #kdy hvArgvAhdfwrquiiwhd fkis rauly #lggtkrz #kh | #
hvfdsh#off rxsdyj # Ikthdifwif #Hihg#ighvitht xihvibighvd hg#ikgghundgg ] #

»  Wkhifxuhqwk rudf rhviicivhf rqgithyhdthibhp hawtrwdg hifgh & khi#kh#f rawhitxgh
+eocthitihh #ghp ravwovhvip iufthagvitvip hawveahg#iegthduk Hivkhifrgifxcuhaguthvxov

dthiz Yk Itkh#vdp hitdq hifikhip Furdp sviEdhE

>  Ghwdihghdfwif#rufhivshf Hol# dkifkduj hgishf hviflggikrz #kh | #vmd friokhit
oz #ihgiz khgrah] #lag] # IkikhiD dyhuvwnhvip rp hawkp #hhgvip rihe runto#
xqghunvdgg by

M. Donzeau, L. Esclapez,
M. Day and Y.-C. Chien,
Recent Progress on
numerical simulation for
microgravity electric field
flames, 1D04, US
National Combustion
Meeting, Texas 3/20/2023
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Y.-C. Chien, D. Stocker, U. Hegde and D. Dunn-Rankin,

Electric-Field Effects on Methane Coflow Flames Aboard the International Space Station (ISS): ACME E-FIELD Flames

Vol 246, Nov. 2022, Combustion and Flame (gold open access)




Personal Development —
Early Career in BPS



| : PSE %ﬁ | About me

4 2001 — 2005: Aerospace Engineering, B.E., TKU, Taipei, Taiwan
4 2005 - 2007: Aeronautics and Astronautics, M.S., NCKU, Tainan, Taiwan
4 2009 - 2014: Mechanical and Aerospace Engineering, Ph.D., UCI, Irvine,
California, U.S.A.
4 2015 — Present:
o -+ Associate Project Scientist, Mechanical and Aerospace Engineering, UC Irvine
T o | Director of Lasers, Flames & Aerosols | W.M. Keck Foundation Deep Ocean Power
. Science Lab

o Principal Investigator, NASA PSI

o Faculty partner, UCI California Alliance for Minority Participation (CAMP)

e Ko .0 SWE-UCI Advisor/Collegiate Counselor, UCI Society of Women Engineers (SWE)
’sqckﬁb;w;;nen B ineers 5 o Coeditor, Combustion Science and Technology (CST), International Colloquium on

American Society for Gravitational ‘and Space Researéﬁl . ) . .
: the Dynamics of Explosions and Reactive Systems (ICDERS) Special Issue

What programs, instituti-d‘nAs,' o Contingent participant, Science Technology Education Workgroup (STEW) between

and professional societies stake holders, School of Engineering & School of Education, UC Irvine
Helwegbyagotlipne lyedrwith Recent new roles:

mﬁ#@@hﬁ@y&%ﬁ\bustion o Western States Section/The Combustion Institute (WSSCI) board member at large
research? o SWE-OC (Orange County) Professional Development Officer FY23
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Where you see yourself in the future

in this program?
RESEARCH AND EDUCATION INTEGRATION

4 Sustainability

4 Ground-Based (Incubator) Programs (ex:
combustion; high pressure transcritical combustion; 5
plasma combustion/electric field combustion) |

4 Open-Source Science
. 4 Access, Diversity, Equity, & Inclusion (ADEI)

How you currently and in the future work with
students and mentor them to be also
successful and continue this line of
research?

RESEARCH AND EDUCATION

1. Create-your-own canal as a non-faculty at R1 university
% Teaming up with National Renewable Energy Laboratory (NREL)
% Teaming up with ENSMA

2. Seeking for NASA supported graduate student (ex: Pathway
participants; Minority University Research and Education
Project...... etc.)
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