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Low—gravity Flames in the Lab?

Yuji Nakamura
Toyohashi University of Technology

ABSTRACT

Having a low gravity field is demanding to ensure the safety in future space mission or
simply to understand the gravity response on combustion processes. Yet it has been also
well-known that achieving such extremely—-unusual condition is difficult task and quite
costly even in short time.. Even successfully achieved, unwanted disturbance which only
available under such extreme environment, and it makes us even harder to understand
the physics under low—gravity.

In this presentation, several trials and examples attempted by presenter are shared and
open the gate to the interesting combustion problem, especially the usefulness of "scale
modeling concept” is emphasized.
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po-guel g2 A

* 3 * A ik = g okt
A FE AR AE S

Investigation of Biomass Utilization as a Carbon-Neutral Fuel in

Pulverized Coal-Ammonia Co-Firing Towards Carbon-Free Power

Generation

Tae-Yoon Kim", Ji-Hwan Lee*, Hyeong-Bin Moon", Yoon-Jae Lee®, Nguyen Hong Duc’,

Seung-Mo Kim™, Chung-Hwan Jeon”®

A AR edrts FAd] g <ol
A2 wobAWA, oldA Fokol M A#7 A
Aso] ASHon FAH Tk 53 A @
A Bopl A 2AZs FEHS A8 Taa @
A 7% 4ol LTHL A B3 AR 203
0d7k2 2018\ vl 40% CO: W& A= 5%
= ARsa, B4 A5 2% A seud v
e ol FAo] AN} GaFY A=

=

TR AT
v dge] w232 2030 7FA 2.1%, 20361
A 71%70A B Aoz AgHETl] 4=

LR

ToAME IAAE-GE e By 21E& =
Abel A FRe] Lab-scale &5 59871 (Amm
onia Drop Tube Furnace, ADTF)E &8 3&}¢]
Ae-ufol e wj -ty o} B4 F7 A9
24 2 oaE 548 Fst ) FEedh

Aol AEE Mg A4 vlRe weleox
A QF wpol o, uhEks} Hho] o.u
~ 7t 129 B9 zde s Afadd.
ASTM D3172 2 D3176, D865 w&} 34 &

o 3 =
N 4aPs) 2aY 2N ARSD, 1

Yol 9] A Aol ¥ g HE vz A= Table 19] YEUAT

Ads exe ¥ d8d ug xod, J|E &

Sti dsd] v we S #SE9sE=, 59 Table 1 Coal/Biomass properties

22, 78 So = gl ghgAdo] vtk g

AR W da AEo= Qld NOxo 22 24 High-rank| Raw Torrefied

24 Wz A7 BAY 5 v adeE B Sample | "Uooal | biomass | biomass

Tt dRYolE dh FAHANA COE wEs

72 row H ATNHE g gELU o} & Proximate analysis (AD!, wt.%)

A7F NOx 3 v]d&(UBOAT, 4 AAA 7 Moist. 1.10 4.54 3.03

iigjzli ;E ;ﬁ @_‘?}{fi—i O”fi%*ji%j i VM. 2464 | 7368 51.72

AL Al 5 . ‘(\5_“11__, s da

EHE COt A AN FHH COo% A4 Ash | 1556 | 184 | =8

Hrg fuEo0oern dA4xy dygg k3R F.C. 58.70 19.94 42.43

o w3 =o IR ks 23 gxiel & Ultimate analysis (DAF?, wt.%)

2 A da RS RaE gt 53] g C 81.93 49.92 65.19

3 RG-S AQ wpolomjias ouA "HEg

Aol Pasel Ham fAE BAS AR i b R | 5
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S M A FAge] Ak wEA] B4 N 2.06 0.37 0.57
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Table 2 ADTF operating condition

R e, NH; ratio 0%, 20°%
%{ | ‘z E‘,;:g‘;r — d Total flow rate 26L/min
N, premied 7. Fiter | SR 1.2
‘_’—M‘“i Coal supply rate L0, 0.8¢/min
@5,600kcal/kg (LHV)
1 Temperature 1,300°C
AR 75
% Particle size a o? ol _{\_7545991/;115/1[[]
Agk-nlo] oul s TRk HAA B R e} 20%
_ &4 Al NOx, UBC 23& 7} Fig. 2, 3ol vE
s o ", " ATk A8 100% H2:(189.45 ppm)ell 1] &) w}
-. | |y | ol £ 22 10% &2 A(165.70 ppm) NOx7} 7k
x ‘IE shARE, ol w2~ E'n| 7t F74ETE NOx7}
¥ G FAART BEE ol owls BY AleE

22 Aol YEIYTM, raw Hiol e u]o] H]
Fig. 1 Ammonia drop tube furnace(ADTF) NOx7} &% =713t} w3, 28 ZASA]
TAAE il Rl 20%E T4 A, EE

Aet-nlo] o A-tE o} &4 548 Hld A QoA NOx HiEeo| Z7lsle ulolem~ &
71 98] Abgd S vl Rdee] da 84 g w2 A DA A fAFE
< EAgE ADTF # A9 ASEE Fig. 1o 4
Byt ADTEFE ZA M7HA] BEoZE o F e AA Al UBCE & 24.7%, Y24} 20%
oA vt A5 2 7t FYE A% FIH, A EA A 242%=E A9 93 ZxE JeEhg
ARQ NEER, 7w davbe R Ak F Y o ey delovs B4 Hgo] FAE m
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Flame Structure Optimization of Ammonia-Coal Co-Firing Bumer

Based on Numerical Analysis

Yunchang Jang”, Woosuk Kang” Seonkyo Ha", Siyul Chung™, Dongseon Kim™, Chachon Chong™,
Changkook Ryu™

ABSTRACT

When applying newly designed ammonia—cofiring swirl burners to a full-scale
coal-fired boiler, the large furnace volume with interactions between burners may alter
the flame structures and deteriorate the combustion performance. This study investigates
the flame structure of ammonia co-firing burners in a 1000 MW opposed-fired boiler

using computational fluid dynamics at a

20% ammonia co-firing ratio. The flame

structures were evaluated by varying secondary air (SA) usage, burner quarl angle, and
tertiary air (TA) swirl intensity. Without SA supply, the extended primary-air/fuel jet
promotes fuel-oxidizer mixing and reduces bottom-ash unburned carbon, leading to

higher wall heat flux and boiler efficiency.

In addition, reducing the quarl angle and

increasing TA swirl intensity broaden the internal recirculation zone, thereby improving

overall combustion performance. Compared

with coal-only firing, NO emissions were

slightly reduced across all evaluated co—firing cases.

Key Words : Pulverized Coal, Ammonia Co-
Zone
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A U= 0842 DA AT Ay Aol A
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w2 SA-TA f%9] 3 TAXM3] Az HA
WHAE &3, o8 vgez 7|3 21s 4
A8t

Table. 25 43 cased] =4S JER Ao
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Table 1 Fuel properties of design coal
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A5 222 183 Kinetic rate/eddy dissipation
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sum of gray gas model[7]& 283} ).

NOx @fde] A, FLUENTE W3 mde
post-processing-g AHE3Ht ol YEUYol TA
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Proximite Inherent M| 602 o MQEA B LA UG, ol Ad]
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a(r\lst?;/il)s FC 4710 Table 2 Design parameters of co-firing
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Ultimate ¢ 729 Swirl rati
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Fig. 3 Temperature and unburned carbon distribution contour of each case.
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Table 3 Comparison of key performance
metrics  between design (coal-only) and
co—firing cases.

Case Design| 1 2 3

NOx (ppm, 6% O2)| 137 | 126 | 133 | 122

Exit Oz (dry%) - | 288] 263] 247

Fly ash| - | 295| 293 2.4

UBC (%) Bottom | el oo 211
ash

Total = 383 38| 267

Heat | TUECC| gz | ool g5 | s
absorption wall

vy | Others | 1234 | 1239 1238 1246

th Total | 2111 | 2071] 20%9] 2108
Boiler efficiency

L E) 959 | 940 949/ 957

YAHAY. A4H AL FolE w vReol

v FRA olEEHC dr/FrlY Bl 24
913, ofel Wl e el Ay fEol ey

WAl vlgez Yatslhe vdEe] AR
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o] 714 Fslgdnh Ae A 7o AAEA
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Development Status of an Ammonia Firing Burner for
Circulating Fluidized Bed Boilers

Kyujong Kim*T, Beomjong Kim", Kyungrae Lee", Dongwon Kim"", Jihun Park",
Taeyoung Chae"", Won Yang ™", Jaewook Lee™, Taeyoung Mun""", Sungjin Pak

ABSTRACT

This study was conducted to develop an ammonia firing burner for circulating fluidized
bed boilers. Scaled—down ammonia firing burners with capacities of 20kwin, 0. 1MW, and
1MW were designed and manufactured, and combustion test were carried out at pilot
facilities in the Korea Institute of Energy Institute (KIER), the Korea Institute of Industrial
Technology (KITECH) and the Korea Electric Power Research Institute (KEPRID),
respectively. From the results of these pilot tests, design factors enhancing combustion
stability and abating NOx emissions can be derived. The design of a commercial-grade
ammonia—firing burner with an 18 MWw capacity for circulating fluidized bed boilers has

Aok

been completed.

Key Words : Circulating Fluidized Bed, Ammonia, Burner, NOx Emission
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A F% = Pre-mixed WalolH F875F
Bd#H 9 758 Hue FASHA dense bed
Fol 30&= 71&7]12 AAstd WY dsoz ¢
Eujol AiaAd@S 75t AlE AT dR
oF 100% Aadl A&Fsieler, F787F g4
4 = NOY TAFHE Zojt} N0o w4z
Z7bele AEE YERATHTable 1).

Table 1 20kwn Yol A4 WY Al 23}

G iti
Run NH;s flow = 774] as composition
(Ipm) Oz NO N2O
1 1.40 5.4 3,279 3.0
2 1.23 4.0 608 0.3
87
3 1.16 2.8 347 62
4 1.07 1.5 119 106
0. 1MWu FEUol HU= S dEL o}
Main wZo] 951, el hgHe 9
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&2 FAEY. 4 20xE, 9FEEEE AL
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A3 = iyt et s AAFEAT IMWa
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o 74 3 AL EYE 7H I Utk
=2 1835 0.8MWun
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(Fig. 3).
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of AL v At

@ WM& 714 0.94
. NOx : 120, N2O : 5, NHs : O ppm
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. NOx : 76.2, N2O : 9.8, NHz : 0 ppm
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Real-time Optical Diagnostics of NO,—Os reaction systems for

Validation of the NoOs Formation Mechanism
Jinsu Park”, Changwoo Son', Woorin Kang", Moon Soo Bak't

ABSTRACT

Nitrate is a key component of fertilizers and can be efficiently produced from NOx by
converting it to N20s5 and subsequently dissolving the N20s5 in water. However, the
detailed reaction mechanisms of N2Os synthesis via the NOx—Os reaction lack validation
in terms of rate coefficients derived from time-resolved species concentration profiles.
In this study, the N20s5 formation mechanism in the NOx-O3 reaction was investigated
using real-time UV-Vis absorption spectroscopy. A genetic Algorithm (GA) was
developed to deconvolute complex, overlapping spectra and simultaneously quantify the
concentrations of multiple species. The experimentally derived concentration profiles
showed excellent agreement (R?* > 0.95) with a Cantera-based kinetic model, thereby
validating the N20s formation mechanism.

Key Words: N20s5, NOx, Genetic Algorithm, Absorption Spectroscopy, Reaction

Mechanism
HB45H Ale AL A9 A4 FA S5 s 2 AT M= NOx-03 REg-Aloll A N20s A4
= A4 A 349 Arigelnt @A HEE dAYUSE A7 29 ddE 3 ASstn
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B BN T Ostwald L AX ANR  FHN AZEE wlF FAA 3 @A
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= 7 FY N9k 022 AF ¥gAA NOES 9o 038 AAsta, 159 L 39 ¥8 A
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Fig. 1 Schematic of the experimental setup for
real-time optical diagnosis of NOxOs reaction

systems.
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Fig. 2 Model validation for the NO-Os3
reaction, comparing GA-fitted experimental

data with Cantera simulation.
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Fig. 3 Model validation for the NO2-O3
reaction, comparing GA-fitted experimental

data with Cantera simulation.
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Table 1 R? values for N:Os concentration
prediction comparing experimental data with

Cantera simulation.

Condition Air base | Nzbase
NO (1250 ppm) + O3 0.9888 0.9803
NO (2000 ppm) +Os 0.9556 0.9729
NOz (2000 ppm) + 03 | 0.9795 0.9521
NOz (4000 ppm) +0Os | 0.9531 0.9801

Table 12 87k4 A9 =
Ads Algdold vl Axs
.‘l

=
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AP 7, HEH 0= NO; + NOs = N2Os H
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Fig. 1 Schematic diagrams of (a) methane
pyrolysis reactor and (b) flameless combustor.
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Table 1 Experimental condition

Parameter ‘ Unit ‘ Value
Pyrolysis

Pressure atm 1
Temperature T 900-1200
Flow rate Ipm 1-7
Flameless combustion

Pressure atm 1
Equivalence ratio - 0.9
Oxygen fraction % 17, 21
Heat input kWth 3-45
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selectivity with respect to temperature and CHq
flow rate
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methane pyrolysis

Case Fuel composition(Vol.%)
CH, Ho Colly
Ref. 100 - -
P1000°C 51 43 6
P1100C 28 07 4
P1200°C 12 86 2
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Development of Al-Based Adaptive Urea Injection for Effective
SNCR Control in a Medium-scale Waste Incinerator

Seongmin Park”, Heeyoon Kim®, Dongmin Shin™,

Jaeho Lee™, Jihoon Son™, Yongkeun Yun™,

Changkook Ryu™

ABSTRACT

Based on data accumulated in our previous study for O:-based control of urea injection,
this study develops an Al-based adaptive urea injection control for NOx reduction in a
48-ton/day medium-scale waste incinerator. An ensemble deep learning model combining
MLP and LSTM/GRU structures was trained on operational data from an O:-based
SNCR control system. The AI model achieved 11-step (2 min 45 sec) NOx prediction
with R?-0.98 and demonstrated superior dynamic tracking (cross—correlation: 0.304 vs

0.279)

compared to the O:-based model,

while maintaining comparable 34% urea

reduction versus manual control with stable NOx emission compliance.
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Table. 1 Oz-based SNCR control: before and
after performance comparison

Before After ]
(4 months) | (3 months) Reduction
Urea water
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(ppm)
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Instability and flame propagation characteristics of premixed
flame using a Radial-Stepwise—Disk—Burner (RSDB)

Joungho Han", Nam Il Kim't
ABSTRACT

A new radial-stepwise disk burner (RSDB) was first developed to analyze the flame
propagation characteristics across different length scales. Premixed flames could be
stabilized at a specific radial location when their flame propagation velocities matched the
local flow velocities. This study investigated the length scale effects on the premixed
flame propagation characteristics using the RSDB. Various flame shapes and modes were
found for the equivalence ratio of CH4/Air premixed flames.

Key Words :
Meso-scale combustion.
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Fig. 1 Schematic diagram of laminar flow burner
and flow systems.
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Table 1 Compositions of a coke oven gas

Fuel composition Concentrations
(% vol.)
H2 62
CH4 22
CO 6
cOo2 3
N2 7

Table 2 Experiment conditions

Fuel composition Concentrations
(% vol.)
NH; ratio 0.0-0.3
Oxygen (%) 21/25/30/35/40/45/50/55
Fuel flow rate (L/min) 1

3. Results and discussion
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TF g4l FopAa ATt SrketE A A
A o] eI o]d 3 WHEE A F3d
S S7tete e 2=
SatHA, Astel di AR A =2A

Oxygen Con. %

Fig. 2 Direct image of COG Flame (Xns=0.0) at
different oxygen conditions
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MNah TR FUEFE stgdols AA FolA
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°of, #& Ak X 4ol NI, F& A=
i s FAs sl S FHdh=
| mapA el



H|702] KOSCO CONFERENCE

E2T(20251 = FAHSHEH3])

Oxygen Con. %
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Effect of buoyancy induced by fuel density on flickering behaviors
in jet diffusion flames

Aok

Sung Jong Kang®, Jeong ParkMT, Won June Lee™, Suk Ho Chung™™", Chun Sang Yoo

A2 A~ (unsteady combustion)= 34 3} FEH FEHo] o Ao Fa3dk ATE
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Fig.2 Instantaneous direct images of ethane flame with Rep for pure enthane (a), and at Rep= 150
with helium dilution (b) and with COzdilution (c).
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Changes in Combustion Instability of Premixed Hydrogen - Propane

Flames Induced by Electric Field Application
Joonhyeok Choi®, Tachun Kim®, Hyemin Kim™

ABSTRACT

This study investigated the effects of electric fields on the thermoacoustic behavior of
premixed hydrogen - propane flames. To characterize the flame dynamics, a microphone
and a high-speed camera were employed. When a low-frequency (200 Hz) electric field
was applied, the SPL decreased, reducing from 71 dB at 0 Hz to 68 dB. In contrast,
when high-frequency electric fields (400, 500 Hz) were applied, the SPL remained. The
suppression effect became stronger at higher hydrogen fractions, with the SPL dropping
from 83 dB at 0 Hz to 67 dB at 100 Hz with a 50% hydrogen fraction. Consequently,
the AC electric field effectively mitigates thermoacoustic instabilities in
hydrogen-enriched flames.

Key Words : Hydrogen—enriched flames, Instability, Ionic wind, Electric field
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Self—attention Based Prediction of Velocity Fields in 2D Laminar

Oscillating Flames
Mert Yakup Baykan®, Kanghwan Kim", Dong—hyuk Shin'T

ABSTRACT

A self-attention based transformer model was developed to predict the velocity field of 2D
oscillating flames by using the temperature field. By learning the two dimensional spatial
dependency of the velocity field to the temperature field, the model predicts the velocity
field to a high accuracy, providing a fundamental method for future digital twins

Key Words : Oscillating Flame, Digital Twin, Self-attention, Transformer

Abstract

Recently, data driven and machine learning
(ML) based reduced order models have gained
attention for their ability to re—create or
model flow fields at significantly reduced
computational cost. For example, proper
orthogonal decomposition (POD), have been
utilized to create digital twins [1]. Another
research of interest has been super resolution
of flames via using convolutional neural
networks [2]. Recently a more powerful deep
learning architecture called a Transformer
have emerged, which makes use of the self-
attention mechanism to learn global
dependencies found in the data [3]. By
utilizing this powerful architecture, we
introduce a self-attention based machine
learning architecture to predict velocity fields
of 2D oscillating flames [insert reference].

Methodology

For the dataset, adaptive mesh refinement
(AMR) based DNS code was utilized (PeleLM)
to simulate a 2D laminar oscillating premixed

flame with a methane/air inflow at ¢ =0.7 [4].

Level-2 AMR grid with grid spacing and time
step reduced by a factor of two at each level
was utilized. Oscillating amplitude of the flame

* KAIST
1 Corresponding Author, donghyuk.shin@kaist.ac.kr

holder amplitude (¢) was varied between 0.2-

0.6 mm, and the oscillating frequency () of
the flame holder was varied between 500 to
700 Hz.

A transformer U-net (TransUNet) model
was utilized for the predictive model. The
TransUnet architecture consists of three parts.
(1) The encoder, (2) the transformer, and (3)
the decoder. Convolutional layers are
employed at the encoder and decoder layers,
to compress, and upscale the data
respectively. Skip connections from the
encoder to the decoder are utilized to feed
spatial information at different resolutions to
the decoder. Between the encoder and the
decoder lies the transformer, where at the
lowest resolution it extracts the long range
spatial relationships by applying the self-
attention mechanism, allowing the model to
learn the overall structure of the flame.
—_——

Dataset Model Predictions

Transformer
-

0

Fig. 1 Transformer Architecture.
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validation .

Results & Discussion

The model successfully predicts the y-
velocity and the x-velocity accurately, where
the maximum relative error is within 2% for
y—velocity and within 100% for the x—-velocity
field. The 100% error seen in x—velocity field
calculations is due to regions where the x-
velocity is near zero or changing direction
rapidly. The absolute error of the predictions
remains low. Figures 3, 4 and b5 illustrate
these results for 500 Hz, 600 Hz and 700 Hz
flames at 0.4 mm flame holder amplitude
(1.0x), out of which the first and the last are
interpolation cases and were not used during
training. Future work will involving testing the
extrapolation capabilities of the model, as well
as visualizing the self-attention mechanism to
understand how to model identifies the flame.

Model Prediction

uuuuuuuuuuuuuuuuuuuuu

Oierence (vyelcy 51

Fig. 3 Model predictions and relative error for
04 mm and f = 500 Hz (untrained

condition).

£ =

ampis 2478)
l R >

Fig. 4 Model predictions and relative error for
€ = 04 mm and 7= 600 Hz (trained condition).

| 7?\4 f/ ‘\JP(J

i
|

Fig. 5 Model predictions and relative error for
04 mm and f = 700 Hz (untrained

condition).
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Effect of LNG/H2 Fraction on Flame Stability in Pilot Burners
Min Jung Lee™

ABSTRACT

The Naphtha Cracking Center (NCC)

requires high-temperature heat traditionally

produced by fossil fuels. To achieve carbon neutrality, hydrogen and ammonia are
promising carbon-free fuels. Hydrogen offers high reactivity but causes flashback and
NOx issues, while ammonia ensures zero carbon yet low stability. Recent progress in
cracked ammonia and staged combustion enhances performance. This study reviews
advances and prospects for carbon-free fuel transition in NCC processes.

Key Words
Carbon-Free Transition, NOx Reduction
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Design study of a radiant-wall burner for carbon-neutral fuel

transition in the naphtha cracking furnace

Heeyoon Kim®, Jungwoo Ha®, Jiyeon Park®, Dachae Kim®, Changyeop Lee™

ABSTRACT

The naphtha cracking process(NCC) is one of the most energy-intensive operations in
the petrochemical industry, where high-temperature radiant heat from burners is required
to induce endothermic cracking reactions in tubular reactors. With increasing global
attention to decarbonization, the introduction of carbon-neutral fuels such as hydrogen is
being actively investigated on the NCC furnace burners. In this study, a novel design of
wall-fired radiant burner for hydrogen co-firing was proposed to achieve low NOx
emissions and stable flame attachment to the furnace wall. By utilizing dual Coanda
effect, the mixing zones of fuel and oxidizer were divided into two stage, therby

promoting uniform flame distribution along the wall,

surpressing the formation of

localized high-temperature zones and effectively reducing thermal NOx generation. Future
work will focus on experimental validation using a full-scale prototype burner to evaluate
flame attachment behavior and NOx emission characteristics under hydrogen blending.

Kev Words : naphtha cracking. radiant-wall burner. hvdrogen. coanda effect.
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Characteristics of partially premixed flame with carbon—free

fuels and development of global reaction mechanism
Dong Seok Jeon", Se Hun Kim", Nam 1l Kim't

ABSTRACT

The stabilization characteristics of partially-premixed flames were investigated using
methane, hydrogen, and ammonia. The effects of fuel composition, jet Reynolds number,
and temperature on flame behavior were examined. The modified relationship between
the lift—off height and jet velocity was proposed, and the stabilization modes were
introduced based on the experimental conditions. In addition, global reaction mechanisms
were developed to reduce computational cost for the numerical simulations for hydrogen
and ammonia mixtures.

Key Words : Carbon—free fuel, Partially-premixed flame, Global reaction mechanism
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A Multiscale Approach to Understanding and Applying

Combustion Reactions
Hyunguk Kwon't

ABSTRACT

Combustion

is a multi-scale phenomenon

involving interactions from molecular

reactions to flame structures, flow dynamics, and combustor design. This presentation
introduces case studies that integrate quantum chemistry, molecular dynamics, and
computational fluid dynamics to enhance understanding of combustion reactions. For
fuels with well-established mechanisms, kinetic models are validated and refined
through CFD simulations. For emerging fuels, computational chemistry tools are used
to identify key reaction pathways, estimate rate constants, and accelerate mechanism

development.
Key Words:

Kinetic mechanism, density functional theory,

molecular dynamics,

computational fluid dynamics, multi—scale modeling
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A Study on the Flame Structure and Reattachment Behavior of
CH4/H, Flames in a Dual-Swirl Injector

Jinseong Kim®, Keeman Lee™"
ABSTRACT

In this study, the shape of CHs /H, co-firing flames and the reattachment behavior of
lifted flames in a dual-swirl injector were investigated. High-speed OH-PLIF
measurements were conducted to observe the flame structures under varying hydrogen
contents and global equivalence ratios. In the attached flame, the reaction layers of the
main and pilot flames are clearly separated, forming a thin reaction zone, whereas in the
lifted flame, the two reaction layers merge, resulting in a stronger and thicker reaction
region.

Key Words : Dual-swirl injector, CHs~Hy co—firing, Highpseed OH-PLIF measurement,
Reattachment behavior, Flame stretch
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Fig. 1 Schematic diagram of the dual-swirl
combustor.
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Table 1 Experimental conditions

Main bulk velocity (m/s) 10, 15

Global equivalence ratio ($,) | 05-0.7

Hydrogen content (%) 20-80

3.2-69

Thermal power (kW)
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Fig. 2 Flame shapes for various global
equivalence ratios and hydrogen contents at

fixed main bulk velocity Uw= 10 m/s.
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Acceleration of turbulent reactive flow simulations using
an artificial neural network with representative species

transport

Byeong Wan Ryu’, Ki Sung Jung', Gyeong Taek Kim"'

ABSTRACT
2 AFE= 2" 42 2ADirect Numerical Simulation, DNS)o| 4] AAF 8] &9 Al FE2S
X]'X] st= 38t Whe A2F(chemical source term)S  A-FA1AT(Artificial Neural

Network, ANN)©. &

Alstod A4 Bgs FEA7IE As
[
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Key Words: Artificial Neural Network, Direct Numerical Simulation, Chemical Source

Term, Grid Resolution
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Figure 1. Comparison of the mean distribution
of CO mass fraction obtained from DNS at

different grid resolutions.
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Figure 2. Comparison of the mean distribution
of CO2 mass fraction between ANN predictions

and DNS results.
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Figure 3. Comparison of the mean distribution
of CO2 mass fraction predicted by the ANN with

subset size of 7 at different grid resolution.
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Figure 4. Comparison of the mean distribution
of CO2 mass fraction predicted by the ANN with
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Numerical evaluation on the influence of equivalence ratio
and cracking on the performance of dedicated ammonia
combustion in a 1000MW. opposed—firing boiler

Gibeom Park”, Woosuk Kang®, Seonkyo Ha®, Jeongho Lee”, Sungjae Lee”, Changkook Ryu™'

ABSTRACT

Ammonia is a carbon-free fuel that can be stored and transported efficiently, making it
a promising alternative for large-scale power generation. However, its low reactivity and
strong NOx formation tendency require optimized combustion strategies for stable and
clean operation. In this study, computational fluid dynamics (CFD) simulations were
conducted to investigate the effects of ammonia cracking ratio and equivalence ratio on
the combustion and heat-transfer characteristics of a 1000 MWe opposed-firing boiler.
Three cracking ratios (0%, 10%, and 30%) and two air fuel equivalence ratios (ER, 1.10

and 1.05) were analyzed using a detailed

reaction mechanism and steady diffusion

flamelet model. Increasing the cracking ratio enhanced reactivity and raised both peak
and mean flame temperatures, while the 10% cracking condition achieved the lowest NO
emission by balancing fuel and thermal NO formation. A lower ER (1.05) reduced NO
emissions by approximately 19% due to the intensified reducing atmosphere, though with

a slight efficiency penalty. These findings

demonstrate that the control of operating

conditions through ammonia cracking and ER could be effective for achieving low—-NOx

operation in full-scale ammonia—fired boilers.
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Figure 2 Schematic diagram of target boiler
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heat input for different ammonia cracking ratios
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Figure 3 Distributions of temperature, NO concentration, and heat flux under different cracking conditions
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The influence of pilot nozzle configurations on turbulent flame
characteristics in a dual swirl injector

Inho Kim", Keeman Lee""

ABSTRACT

Dual swirl injectors improve combustion efficiency and have the advantage of being able
to supply mixtures with different equivalence ratios through the separation of the main
passage and the pilot passage, so several studies are being conducted. However, the
effect of pilot nozzle configuration on turbulent flame characteristics is not properly
understood. Therefore, in this study, global equivalence ratio, hydrogen content, and SR

(Stratification ratio)
configuration on turbulent flame
experimentally investigated.
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were selected as parameters,
characteristics in a

and the effect of pilot nozzle
dual swirl injector was

Dual-Swirl, Stratification ratios(SR), Flame structure, Turbulent flame
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A parametric study on the influence of PCA in a reduced order

modeling for reactive flow simulation
Gyeong Ho Son, Hae Ram Park, Ki Sung Jung t

J(Principal Component Analysis; PCA)] Ax}71 o= A= A
AR 7)dst=A] AEst7] Y8, 3417 Y (Artificial Neural Network;

ABSTRACT
B dTE R R
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Key Words: Reduced-order modeling, Principal Component Analysis, Artificial Neural

Network, Compression ignition
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2. Results
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Fig. 1. Normalized Root Mean Squared Error
(NRMSE) for predicting the chemical source
terms of the reduced scalars obtained from n—
heptane DNS, shown as box plots for different
ROMs (subset based and PCA based PC-
transport-ROM) at three scalar dimensions:
rank = 3 (top), rank = 7 (middle), and rank =
10 (bottom).
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Electrochemical screening of pyroelectric solid propellants
Rajendra Rajak *, Daehong Lim ", Jia Xuan Lim’, Gnanaprakash Kanagaraj™, Jai-Ick Yoh't

ABSTRACT

Electrically controlled solid propellants enable precise ignition, throttling,
shutdown for micro—thrusters, yet Al-based systems suffer from oxide passivation and
poor charge mobility. This study compares AIM5—20 and TiM5-20 using LSV, EIS,
DSC, and TGA. Ti-based ECSPs deliver higher currents, lower resistance, and
reduced activation energies. Performance gains arise from semi-conductive TiOx
networks that promote mixed ionic—electronic transport, and catalytic heat release.

and

Results demonstrate superior electro—thermo—chemical coupling in Ti systems,
enabling energy—efficient, controllable propulsion applications.
Key Words: ECSP, Linear sweep voltammetry, Electrochemical impedance

spectroscopy, Differential scanning calorimetry.

1 Introduction

Electrically controlled solid
propellants (ECSPs) are smart energetic
materials whose energy release can be

modulated through applied voltage or current
[1]. Their ability to ignite, throttle, and
extinguish on command has made them highly
attractive for CubeSat scale propulsion
systems. Conventional ECSPs based on lithium
perchlorate (LP) and polyvinyl alcohol (PVA)
matrices employ aluminum (Al) as a thermal
enhancer due to its high enthalpy of oxidation
and electrical conductivity. However, the
formation of an insulating Al:Os shell limits

charge transfer, hindering their
responsiveness to electrical inputs. Recently,
interest has been shown towards using

Titanium (Ti) as an alternate metal additive
which has thermal and ballistic properties
similar to Al [2]. Gnanaprakash et al. [3]
investigated the effect of tungsten as a metal
additive in ECSP. The study conducted by He
et al. [4] is on the effect of Al as a metal
additive in ECSP. It is interesting to note that
the LP-based ECSP showed higher thermal

stability and  better electrical control
compared to HAN-based composition. In
another study, Glascock et al. [5][6]

*Dept. of Aerospace Engg. Seoul Nat'l University
#xDept. of Mechanical Engg. IIT Hyderabad, India
TCorresponding author, jjyoh@snu.ac.kr

TEL: 82-2-880-9334 FAX: 82-2-882-1507

investigated the impulse and performance of
ECSP in ablation—fed pulsed plasma thruster.

In this study, it is seen that Ti offers
a compelling alternative through multivalent
redox chemistry, conductive TiO/Tiz0s sub-
oxides, and catalytic promotion of perchlorate
decomposition. TiOx domains lower interfacial
and bulk resistance and enable mixed ionic—
electronic transport, yielding lower ignition
thresholds and smoother combustion. This
study systematically compares Al- and Ti-
based ECSPs via linear sweep voltammetry
Lsv), electrochemical impedance
spectroscopy (EIS), and differential scanning
calorimetry (DSC), holding the LiClIOrPVA
matrix constant and varying metal from 5-20
wt% (AIM5/10/15/20; TiMb/10/15/20). This
isolates metal-specific effects on
electrochemical onset (LSV), transport and
activation energies (EIS), and decomposition
onset/enthalpy/residue (DSC). Ti-modified
ECSPs consistently show lower resistance,
reduced activation energies, and earlier,
controlled exotherms, enabling lower ignition
voltage and tighter throttling. Figure 1 shows
that at the electrode/propellant interface a
compact double layer forms, charge transfer
across the interface is limited by Re. Species
then relax through a diffusion layer that
appears as a bounded Warburg element in
impedance (transitioning from a 45° line to a
more vertical tail at low frequency). Beyond
these lies the bulk resistance Ry of the solid
matrix. EIS therefore separates high-
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frequency Rp (bulk), mid-frequency Re I Ca
(kinetics), and low—frequency Warburg
(diffusion).
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Profile
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Electrode

ouble | Bound
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—\\—o
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Electrically Controlled Solid Propellants (ECSP)

Figure 1: Schematic to understand
electrochemical behavior of ECSP.

In LSV, as the over potential increases, the
system evolves from injection-limited to
SCLC and any accessible faradaic channels
emerge as peaks/shoulders, precisely the
behavior seen in Ti-modified ECSPs. Metal-
additive effects on ECSP electrochemistry
remain unexplored, this study systematically
establishes their electro-thermal coupling
mechanisms.

2 Experimental procedure

The ECSP matrix comprised LP (99%
purity), PVA, Mw 146-186k, =99%
hydrolysis), boric acid (cross linker), and
glycerol (plasticizer). Ti and Al powders (10
um) were incorporated at 5-20 wt% to yield
TiM/AIM ECSPs. LP: water ratio was fixed at
1:1.85; LP and PVA were first dissolved in
water, then all components were homogenized
in a planetary mixer (Thinky ARE-310, 45 min)
and cast/dried. Electrochemical tests used
stainless—steel blocking electrodes on a ZIVE
SP2. EIS spectra were acquired from 1 MHz-1
Hz with 10 mV amplitude between 30-85 °C;
LSV scans were 0-5 V at 10 mV s ™. Thermal
analysis employed Mettler DSC 3+ under
nitrogen at 5-20 °C min™. Ionic conductivity
was calculated from Nyquist intercepts as 0 =
L/(R-A); activation energy was obtained by
Arrhenius fitting of o(T). Reaction enthalpy
(AH) was determined by DSC integration.

3 Results and Discussion

3.1 Electrochemical and thermal analysis

EIS-derived conductivity (Fig. 2) was
obtained from the Nyquist high—-frequency
intercept (Ru) via 0=L/(RpA). AlI-ECSP shows
consistently higher Ry that grows with loading
(AIM5—AIM20), indicating Al2O3
interfaces. This wide—band-gap, trap-rich
oxide blocks electron injection and disrupts
Li*/ClO4 hopping, increasing tortuosity and
interfacial polarization; accordingly,
conductivity stays low and declines with Al
content. Ti—-ECSP exhibits markedly lower Ry
and higher o at all loadings, peaking at TiMb
~(0.033 S m’'. Well-dispersed TiO. domains
supply donor-like sub—gap states and higher
local permittivity, facilitating mixed ionic—
electronic transport. It must be noted that Ti
oxides are semi-conducting, whereas Al
oxides are insulating in behaviour.

more
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Figure 2: Ionic conductivity comparison.

With increasing Ti %
(TiM10—TiM20), modest Rb growth and o
decline reflect agglomeration and reduced
percolation. In Fig. 3, LSV corroborates the
interfacial picture: AlI-ECSP retains high
activation energy (=30-50 kJ mol™), rising
again at 20 wt% from thicker, more
passivating Al2Os; Ti-ECSP drops strongly
with loading, reaching =19 kJ mol™ at TiM20,
consistent with Ti’'/oxygen—vacancy states

and semiconducting TiOz lowering the
injection barrier. As seen from Fig. 4. Al-
ECSP  exhibits consistently higher EIS

activation energy, which often increases with
loading due to Al203 driven trapping and poor
polarizability. Ti—-ECSP shows lower activation
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energy across all loadings, reflecting easier
bulk transport via semiconducting TiOy
pathways and shallower traps. In Table 1, DSC
data shows AIMbS =217, AIM15 =188, AIMZ20
~198 kJ mol™, implying moderate Al aids
initiation, whereas excess Al heat-sinks and
passivates.
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Figure 3: Activation energy from LSV.
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Figure 4:lonic activation energy from EIS.

Table 1: Activation energy from DSC

Sample | Average Activation | Error
name energy form DSC
AIMb 217.29 38.80
AIM10 177.79 35.60
AIM15 188.28 32.83
AIMZ20 197.88 35.13
TiMb 179.28 36.37
TiM10 145.19 26.01
TiM15 232.41 41.03
TiMZ20 185.27 45.76

In the Ti series, the value is lowest
at TiM5 (=179 kI mol™) and increases with
loading (TiM10 =145, TiM15 =232, TiM20
~185 kJ mol™), suggesting that small amounts
of Ti help initiate decomposition efficiently,
whereas higher Ti introduce
agglomeration/ceramic heat-sink effects so
the dominant DSC step appears harder.
Overall, AIM15 and TiMb are the most

can

favorable for low-barrier thermal initiation in
this dataset.

From Fig. 5, at 85 °C the AI-ECSP
shows a late, shallow current rise with broad,
low-amplitude humps (=3.4-4.8 V), reflecting
an injection-limited regime imposed by wide—
band-gap Al:Os (E,~8-9 eV). This insulating,
trap—rich layer at electrode/propellant and
Al/ECSP interfaces hinders electron injection
and fills deep traps slowly, keeping the sweep
below the trap-filled limit: dI/dV is small and
no redox peaks appear. Increasing Al (10—20
wt%) adds thermal conduction but not
electronic percolation, so currents plateau and
curves remain flattened.

Passivation effect and low
electrochemical activity

At 85 °C
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Figure 5: Voltammograms of AI-ECSP at 85C.

Retained high redox activity
even at high metal loading
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Figure 6: Voltammograms of Ti—-ECSP at 85C.

In contrast, from Fig. 6, the Ti-
series (TiM5-20) exhibits an earlier turn-on
(~3.0-3.3 V), steeper dI/dV, and well-defined
maxima around 3.7-4.4 V, with TiM10-TiM15
giving the strongest responses. TiM20 shows
reduction in peak height; likely from particle
agglomeration and fewer accessible catalytic
sites, but still maintains a pronounced redox
signature. Overall, the band-gap asymmetry
(Al20s > TiO2) explains the earlier onset,
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larger peak currents, and clearer redox
structure in Ti—-modified ECSPs relative to Al-
modified ones. From these results, ECSP
ignition follows a three—-segment Triple stage
electro—thermal ignition (TSETI) pathway
(Fig.7). First, electro-injection and trap filling:
carriers cross passive oxides; wide—gap,
trap—rich AlzOs blocks injection and slows
current rise, while semiconducting TiO2/TiOx
with donor states enables earlier, steeper
turn-on. Second, electro—thermal coupling:
once traps fill and mixed ionic—electronic
paths connect, distributed Joule heating
develops; interfaces stabilize, bulk resistance
falls, and near-electrode diffusion improves.
Third, autocatalytic decomposition  and
thermal feedback: when the kinetic threshold
is reached, reaction heat reinforces electrical
heating, driving combustion. Ti—modified
ECSPs traverse all stages at lower field and
with smoother, more uniform heating because
TiO, /TiO lowers interfacial barriers,
supports mixed conduction, and catalyzes
early decomposition, whereas Al203 preserves
a blocking interface that delays and roughens
ignition.
Stage 1

Stage 2 Stage 3

0 kJ/mol 50 kJ/mol

|

Figure 7: Triple stage electro—thermal ignition

90 kJ/mol 250 kJ/mol

4 Conclusion

Collectively, the data uphold TSETI:
Ti-modified ECSPs traverse injection —
electro—thermal coupling — runaway at lower
field and with greater stability than Al. At
85 °C, LSV shows earlier turn—on and redox
peaks for Ti, while Al remains injection—
limited by Al20s. EIS confirms lower Rb
(higher 0) and smaller activation energies,
indicating easier transport. DSC/TGA agree:
Ti ignites earlier and more cleanly, though

apparent DSC Ea can rise at high Ti from
heat-sink/agglomeration. Compositionally,
TiM15 balances electrochemistry; TiMb
minimizes thermal threshold; TiMZ20 minimizes
injection barrier but is connectivity—limited.
Added Al mainly raises resistance and
preserves blocking interfaces. Thus, Ti—based
ECSPs enable lower—voltage, faster,
controllable ignition.
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Compact cyclohexane kinetic mechanism for predicting

aromatics and soot formation in non—premixed flames: A CFD

approach

Anurag Dahiyva’, Meng-Syun’, Kuang C. Lin't

7HM 2 W&
Cyclohexane, commonly used as a surrogate
fuel to study the kinetics of aviation fuel, is
investigated in terms of oxidation. Toward the
goals of understanding the chemistry involving
the

examines the prediction accuracy of the

in oxidation of cyclohexane, study
existing mechanism in terms of ignition delay
times (7 = 650-1812 K, P = 8-50 atm, ¢ =
0.5-2.0), flame speeds (7, = 298-473 K, P =
1-10 atm, ¢ = 0.5-1.7) and species profiles in
a jet stirred reactor (7= 500-1100 K, P= 1-
10 atm, ¢ = 0.5-2.0). Among the existing
kinetic mechanisms tested, a mechanism with
138 species and 584 reactions is identified to
be the most accurate database to predict
ignition delay times and jet stirred reactors.
The present study further adds missing
species and missing transport data in order to
unsaturated

comprehensively predicting

normal chain hydrocarbons and polycyclic
aromatic hydrocarbons (PAHs) in a non-
premixed co-flow flame. The rate constants
the

accuracy of flame speed and the species

are updated for refining prediction
profiles in premixed laminar tubular flame. By
in the
skeletal
is generated
The

include

removing the multifuel components
mechanism, a minimized
cyclohexane—-PAH mechanism
with 128 species and 710 reactions.
formulas

investigated  chemical

* National Tsing Hua University
T G884 A, kelin@umich.edu
TEL : (+886)571531 Ext. 34365

naphthalene (CioHs), acenaphthylene (CizHs),
(Ci3Hio0), (C1aHio0),
anthracene (CiaHio), fluoranthene (CisHio) and

fluorene phenanthrene
pyrene (CisHio), which are up to 4 rings and
have been classified by the United States
Environmental Protection Agency (USEPA) as
the carcinogenic and mutagenic compounds to
human health. For the first time, previously
measured mole fractions of 15 hydrocarbons
in the co—flow flame by photoionization time-
of—flight
computationally interpreted by the present 2-
D CFD model coupled with the 128-species
mechanism.

mass spectrometer are

= 7

This study is financially supported by Ministry
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Hydrogen—Assisted Reduction of Combusted Iron Particles in a
Micro-Fluidized Bed

Yu-Ming Chuang’, Dong-En Wu', and Chao-Wei Huangwr
ABSTRACT

This study developed a micro—fluidized bed for hydrogen—-based reduction of iron particles from
a vortex combustor. Experiments evaluated the effects of temperature, time, and gas composition
on reduction performance and particle morphology. Kinetic analysis using the Johnson—-Mehl-
Avrami model showed diffusion—controlled behavior. Higher temperatures enhanced reactivity but
caused sintering and poor fluidization, while increasing H. accelerated reduction and lowered
activation energy but could not prevent agglomeration. The optimal conditions—500 °C, 50% H, —
50% N, , 60 min—provided high reduction with acceptable agglomeration. Lower temperatures
with longer durations may further reduce sintering. Adding sand effectively decreased the sticking
index, offering a practical way to limit agglomeration in fluidized systems.

Key Words: Iron fuel, Combusted iron, Hydrogen reduction, Reduction dynamic,
Fluidized bed

Growing energy demand and emission
concerns highlight the need for sustainable o e
energy carriers. Iron—based fuels offer high — Combusted ron
energy density, easy handling, and a carbon- I
neutral cycle through hydrogen regeneration.
This study focuses on improving iron—fuel
performance in fluidized beds by examining
flow  behavior, particle adhesion, and
microstructural changes, providing guidance 2Theta 20)
for scalable iron—based energy systems.

In this study, a lab-scale fluidized bed
reactor was designed using quartz with a total
length of 200 mm, an inner diameter of 17 mm,
and an outer diameter of 20 mm.

XRD analysis was conducted to evaluate how
temperature affects the reduction of combusted
iron particles. As shown in Fig. 2, magnetite
peak intensity steadily decreases with

= Iron, M= Magnetite

-2

Intensity (a.u)

- =

Fig. 2 XRD patterns of combusted iron reduced
at different temperatures

X-ray Diffraction (XRD) analysis was
performed to monitor the phase evolution and
calculate the reduction degree of combusted
iron particles as a function of reaction time
(data shown in Fig. 3). The results indicate that
the magnetite (M) peak intensity decreases

increasing temperature, confirming . o X ) i
progressive reduction. The calculated progressively with increasing reaction time.
reduction degree rises sharply from 12.05% at b tnete
300 °C to 98.45% at 500 °C. i i

I | m..l.:‘..m
* National Cheng Kung University, 2 Theta (20)

Department of Engineering Science.
1 |d8A A, huangecw@gs.ncku.edu.tw i i
TEL :(886-6) 2757575 #63335 at different times

Fig. 3 XRD patterns of combusted iron reduced
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Hydrogen concentration strongly influences
reduction efficiency and reactor stability. At

500 °C for 60 min, experiments using 30-50
vol.% H2 showed clear improvements in
performance. XRD results (Fig. 4) indicate that

increasing H2 from 30 to 50 vol.% raised the
reduction degree from 86.74% to 98.45%.

I=lron, M=Magnetite

T=500°C ——50% H,-50% N,
Reduction time:60 min 40% H,-60% N,
30% H,-70% N,
Combusted Iron
- |
E]
K 1
Zz
2 M !
g
E 1
M |
" 1
W
T T T T

20 30 40 50 60 70
2 Theta (28)

Fig. 4 XRD patterns of combusted iron reduced
with different H2 contents

Although the previous optimal conditions
(500 °C, 50% H2—50% N2, 60 min) achieved high
reduction, they also caused severe particle
agglomeration. To address this, mixed beds of
combusted iron and quartz sand were tested at
different weight ratios. After reduction,

samples were magnetically separated and
analyzed by XRD (Fig. 5). The results show that

varying the iron—sand ratio had little effect on

the reduction degree.
T=500 °C 1 —10:0 - 5:5
Reduction time: 60 min

—7:3 317
|

50 %H,-50 %N, !

Intensity {a.u.}

20 3‘0 4‘0 5‘0 5‘0 70
2 Theta (26)

Fig. 5 XRD patterns of combusted iron reduced

with different Fe/Si ratios

Agglomeration was quantified by defining
particles larger than 150 pm as agglomerates
after sieving and calculating the Sticking Index

(SD (see Fig. 6). Results showed that using only

combusted iron particles led to severe

agglomeration.

100

T=500°C
Reduction time: 60 min
20 | 50 %H,50 %N,

50-\

N

\

Sticking index {%)
I
8

20

T T
10:0 7:3 5:5 37

Combusted iron/Sand ratio (C/S ratio)

Fig. 6 The relationship between bed materials
and the sticking index

This study developed a lab—scale quartz
fluidized bed for hydrogen reduction of
combusted iron particles. Raising the

temperature to 500 °C increased the reduction
degree from 12.05% to 098.45%
FesOs4—Fe pathway. Higher H2 concentration

via the

improved efficiency and lowered activation
energy but promoted agglomeration. Adding
quartz sand effectively reduced sticking,
lowering the Sticking Index from 72 to 21 at an
optimal Fe/sand ratio of 7:3. These results
support scale-up of hydrogen—-based iron
reduction systems.
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Combustion Behaviour of Electrophoretically Assembled

Al/CuO Nanothermite Meshes Containing Triphenylphosphine—

Coated Aluminium Nanoparticles
Ying-Shuo Cheng’, Xin-Rong Lu"", Chao-Wei Huang"', and Ming-Hsun Wu""

ABSTRACT

Triphenylphosphine (PPhs) coatings stabilize aluminum nanoparticles but alter
combustion behavior. This study examines Al@PPhs effects in Al/CuO nanothermites
as burn—tube grains and electrophoretically deposited meshes. A thin PPhs layer
suppressed burn rate with increasing Al@PPhs, whereas a thicker coating enhanced it
at 30 % but inhibited propagation beyond 50%. In confined meshes, reaction
sustainability depended on composition and layering; PPhs delayed pressure rise and
reduced propagation, revealing a trade—off between convective enhancement and
coating—induced inhibition.

Key Words: aluminium nanoparticles, passivation, triphenylphosphine, electrophoretic

deposition, confined combustion.

Aluminium-based nanothermites offer high
volumetric energy density and rapid heat
release, but their performance is strongly
conditioned by the passivation layer on Al NPs
[1]. Triphenylphosphine (PPhs) coatings
improve storage stability through hydrophobic
(21, vet the
decomposition and the additional gas it
generates can either assist or hinder flame
propagation depending on formulation and
geometry. Prior grain tests showed that low
Al@PPhs proportions can increase apparent

(~400ms1), high
proportions suppress reaction (“No-go”) in
Al/CuO blends. Building on that, the present
mesh study places Al/CuO on CuO-nanowire

protection coating’s

burn rate whereas

(NW) copper meshes and measures both

#* National Cheng Kung University,

Department of Engineering Science.

#% National Cheng Kung University,

Department of Mechanical Engineering.

t A7,
minghwu@ncku.edu.tw

TEL :(886-6) 2757575 #63335

(886-6) 2757575 #62241

huangcw@gs.ncku.edu.tw,

flame/burn speed and pressure evolution in a
confined channel to assess

propulsion-relevant pressure dynamics.
Thermites comprised 50nm commercial Al
with native oxide, laboratory-synthesised
Al@PPhs, and 80nm CuO. Mixtures varied the
Al@PPhs (0-100%) the
PPhs-layer thickness by changing precursor

ratio PPhs:AlCls from 1:10 (thinner) to 1:1
(thicker).

(ultrasonic), solvent-evaporated, and loaded

proportion and

Powders were dispersed

into 2mm-ID glass tubes; ignition used an

electric match and reaction fronts were filmed

by a Miro 310 Lab high-speed camera with
linear fits to front-position versus time for

burn-rate extraction.
Fig. 1 shows CuO nanowires were grown on

1 x8cm copper meshes by thermal oxidation
after 35wt% HCI cleaning (1 min), DI rinse
and sonication, then 550°C/2h in air. Three Al
NP feedstocks—0%, 50%, 100% Al@PPhs—
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were dispersed at 3mgml-! in ethanol and

EPD-deposited at 60V onto the CuO nanowire
meshes [3]. The mesh was mounted in a

sealed polycarbonate—copper fixture with an

igniter and four pressure taps at 2cm spacing
along the channel. Dynamic pressure
transducers (PCB 113B with 482 conditioner)
and a Keysight DSO captured pressure
histories; a MiroLab 310 camera synchronized
imaging as shown in Fig. 2.

(a)

(b)

Fig.1 SEM image of the 200 mesh CuO grid
(a) before and (b) after EPD of 50%
Al@PPhs aluminum nanoparticles.

(a)

Copper Gasket
with groove

Nanothermites
meshes

(b)

Frontimage side Pressure measuring side

Fig. 2 Confined space nanothermites
meshes combustion fixture (a) Machinery
exploded figure. (b) Schematic diagram of
ignition position and pressure measuring
position.

With a thin PPhs layer (PPhs:AlCls=1:10),
increasing Al@PPhs proportion monotonically

decreased burn rate = 308mst to

= 81ms1; 100% Al@PPhs did not ignite. The
Al-only baseline was = 329.5ms1.

With a thicker layer (PPhs:AlCls=1:1), a
non-monotonic response emerged: at 30%
Al@PPhs the burn rate peaked at = 387 ms-,
the

from

exceeding Al-only baseline, whereas

>50% again became “No-go”. A mechanistic
sketch proposes that small amounts of
decomposing PPhs produce gas that reinforces
forced convection in the narrow tube;

however, at higher loading, the coating’s
endothermy and diffusion barrier suppress the

Al-CuO redox reaction.

Self-sustained propagation in the confined
channel depended on both Al@PPhs proportion
and the number of stacked layers. Measured

“Go/No-go” outcomes were: 0% Al@PPhs—Go
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for 1- and 5-layer meshes; 50 %—No-go for

100 %—No-go
irrespective of layering. The trend emphasizes
that reducing the surface-to-volume ratio (by
increasing the number of layers) mitigates
heat loss and can recover sustainability at
intermediate compositions.

1-layer but Go for b-layer;

Pressure—time traces at 4, 6, and 8 cm show
a small =0.035bar rise at ®0.07s from the

igniter, then the thermite-driven evolution.

For 0% Al@PPhs, a sharp surge began at
= (.10s and peaked near =0.20s; for 50%,
the major surge was delayed to =0.30s and
peaked at = (0.58s. From inter-tap lags, the
pressure disturbance travelled at = 12.5ms!
(O%) versus =1.3ms! (B0%), confirming
substantial slowdown with PPhs. Notably, the
peak pressure was slightly higher for 50%,
with a broader plateau, consistent with

additional gas from PPhs decomposition.
Imaging shows a luminous reaction front

advancing from the igniter. For 0% Al@ PPhs,

sparkling ejecta appear downstream as the
initial convective wave triggers subsequent

redox. For 50%, a detached parabolic front
overlies a web-like upstream zone, consistent

with hydrocarbon combustion from PPhs

decomposition. Quantified late-stage burn
speeds: = 298 mm s (five-layer, 0%),
~ 188 mms-! (single-layer, 0%), and

& 45mmst (five-layer, 50%), all much slower
than early convective stages.

Powder grains: Small additions of thicker
Al@PPhs can increase apparent burn rate via

gas-driven convection in the tube (peak at
30% Al@PPhs = 387ms1), whereas higher
proportions impose endothermic and diffusive

barriers that quench Al-CuO contact and
suppress propagation (= 50-100%: No-go).
Confined meshes, as illustrated in Fig. 3,
the same coating retards both the convective
and diffusion-limited

onset stages;

sustainability depends on layering to offset

heat loss. PPhs increases the peak pressure
slightly and broadens the peak, consistent
with the generation of extra gas.

_ nAllayer

— = CuxO layer
> Cu core

—3 \\ nAI/CuO NW

thermite layer

Slower reaction between the Fast reaction propagation in
outer nAl and inner CuxO layers  the nAl/CuO NW thermite layer

Fig.3 The combustion mechanism of
nanothermites meshes in confined space.

In conclusion, the composition and coating
thickness of triphenylphosphine (PPhs) layers
critically govern the combustion behavior of
Al/CuO nanothermites. In burn-tube grains, a
thicker PPhs layer at low proportions (& 30 %)
enhances reaction propagation beyond that of

uncoated aluminum (& 387 ms? versus 329.5
50%)

progressively suppress ignition; a thin coating,
by contrast, yields a steady decline in burn

ms1), whereas higher loadings (>

rate, and complete coverage precludes
ignition.

In confined configurations, architectural
design dictates  sustainability. Uncoated

Al/CuO meshes sustain combustion readily,
while systems containing 50 % Al@PPhs
require multilayer stacking to offset heat loss;
fully coated (100 %) meshes remain inactive.
The PPhs coating delays ignition, slows the

pressure—wave propagation (® 1.3 ms- versus
12.5 ms? for uncoated), yet slightly elevates
the peak pressure through gaseous by-
products of decomposition. The late—-stage
burn velocity diminishes sharply to ® 45 mm
s1 in five-layer, 50% Al@PPhs meshes,
underscoring the kinetic inhibition imparted by
the coating.

Collectively, these findings reveal a narrow
formulation window in which modest, thicker
PPhs passivation enhances convective
transport and flame ©propagation, while
excessive coverage or poor thermal design
induces  substantial inhibition. Effective
utilization, therefore, requires co—optimization
of composition, coating thickness, and
architecture to balance energetic output,
thermal management, and reaction stability.
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Investigating Thermal Runaway in Lithium—ion Batteries for

Aerospace Mobility Applications
Avushi Mehrotra *, Pragya Berwal ", Yejun Lee "Jack J. Yoh 't

ABSTRACT

Lithium-ion batteries (LIBs) are increasingly used in aerospace systems, from auxiliary
aircraft power to satellite energy storage. However, thermal runaway (TR) under low—
convection, low—oxygen conditions remains poorly understood. This study investigates
TR initiation and propagation of LFP cells under simulated “aerospace” conditions
using Differential Scanning Calorimetry (DSC) at high heating rates and reduced
nitrogen purge. Results show that gas venting and varying states of charge (SoC)
significantly influence heat release and TR behavior, offering critical insights for

battery safety in aerospace environments.

Key Words: Thermal Runaway,

Lithium-ion Batteries,

Lithium Iron Phosphate,

Differential Scanning Calorimetry (DSC), Aerospace Mobility

Lithium-ion batteries (LIBs) are increasingly
being adopted in aerospace mobility sectors—

UAVs,
operational environments differ sharply from
those in EVs or stationary storage. In
aerospace service, modules often face low
ambient pressure, reduced convection, and
lower oxygen partial pressures, all of which
impair heat dissipation and alter thermal
runaway (TR) behavior [1,2]. While many
studies have examined thermal runaway under
standard ambient conditions, fewer have
systematically explored TR initiation and

satellites, electric aircraft—where

propagation under “aerospace-like” thermal

abuse—high heating rates, limited airflow, and
sealed/gas—trapping geometries.

« Agdstn FF$FEon
Tt 9eAA, jiyvoh@snu.ac.kr

TEL : (02)880-9334 FAX : (02)-882-1507

In this work, we perform differential scanning

calorimetry (DSC) wusing the ‘micro—cell’
concept, on LiFePOas-Silicon—Graphite
Nanocomposite full cells

(Cathode+ Anode+ Separator+ Electrolyte) — at
high heating rates (40, 60, 80 and 100 °C/min)
under reduced Nitrogen purge (20 mL/min)
and hermetically sealed pans to mimic low-—
convection, low—oxygen conditions. We test
across multiple states of charge (SoC = 0, 25,
50, 75, 100 %) to quantify how SoC and
heating rate influence onset temperatures,
heat of reaction, and gas venting. Our goal is
to elucidate critical thresholds for TR initiation
under aerospace confinement, thus supporting
safer design of LIB systems for flight and
orbital applications.
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LFP Full Cell illustration (Cathode+Anode+tSeparator+Electrolyte)

-‘«ﬁ__/'— Lid
Pan Seal
S T (A plated)
&= Cathode
Cm—— Separator

I 7 Pan

Fig. 1 Hlustrative diagram of DSC ‘micro—cell’
sample used in this study.

Sample Preparation inside the glove box

|

_——

Y o?

Sample assembly Crucible

Y inHPSteelPan Sealingtool
Punch plier
i ‘ :

Harvested Electrode
Materials

Prepared sample in
hermetically sealed pan

Fig. 2 Mllustrative diagram of DSC "Micro —cell’
sample preparation.
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Study on the conversion of plastics into hydrogen through

multi-stage pyrolysis reactions with molten metal

Eunji Lee®, Won yang®”, Hyeonjin Eom”® Yeongjae Lee™

ABSTRACT

In this study, we aim to develop a technology to produce hydrogen and carbon from
plastics by applying pyrolysis technology. However, in order to produce hydrogen from
plastics, a reaction temperature is required over 800T, and the catalytic activity of solid
catalysts can be degraded due to coking by produced carbon. Therefore, we utilized a
molten metal catalyst to increase the hydrogen vyield while maintaining the catalytic
activity. To understand the characteristics of plastic pyrolysis using a molten metal
catalyst, various operating parameters were examined and evaluated to increase the
hydrogen yield from plastic. Additionally, molten metal was evaluated for its potential to

reduce impurities,

such as hydrogen chloride, which can be generated during the

pyrolysis of waste plastics. It is expected that the results of this study can be utilized
as a basic process technology for recycling waste plastics and producing hydrogen.
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Gas
Filter

Bubble Heat
Column  Exchanger
Reactor

Stage Stage
Reactor  Reactor

Fig. 1 Schematic illustrating the molten metal
bubble column reactor
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Fig. 6 SEM images of by-product powder
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An experimental study of flame behaviors and NOx emissions
with vitiated gas conditions in hydrogen MILD combustion

Gihyeon Lee’, Keeman Lee't
ABSTRACT

A lab-scale MILD (Moderate or Intense Low-oxygen Dilution) jet combustor was
developed to achieve carbon-free and low—-NOx hydrogen combustion. The effects of
vitiated gas temperature (800-900 °C) and oxygen concentration (4-12%) on NOx
formation and heat release were investigated. Results show that higher vitiated gas
temperature or lower oxygen concentration enhanced NOx reduction and broadened
the reaction zone, demonstrating the potential of hydrogen—fueled MILD combustion for
ultra—low—emission, distributed reaction operation.
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Numerical Study on Emission Concentration Variations in an Aircraft

Gas Turbine Engine Using a Coupled CFD - ERN Analysis
Kilkyu Oh*, Ki Yong Lee™"

ABSTRACT

This study numerically investigated emission concentration variations(NOx, CO) in the

combustor of an aircraft gas turbine engine(PW4056).

CFD analysis using ANSYS

Fluent was performed to analyze flow and temperature fields, and an Equivalent Reactor
Network) was applied via Energico and Chemkin-PRO to estimate emission indices.
Applying the POSF10325 and S66 mechanisms achieved +5% accuracy compared with
ICAO data, with the POSF10325+UIC combination showing superior efficiency and

stability.
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Table 1 The chemical species and elementary
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An Experimental Study on the Soot Formation of Alkane Fuels

Yejin Kang', Hoewon Kwon'", Jihwan Seong’, Ga Ram Han', Chae Hoon Sohn't

ABSTRACT

This study refined the Virtual Smoke Point (VSP) method to address the limitations of
direct extrapolation and successfully measured the smoke points of hydrocarbon fuels
exceeding 50 mm. Comparison with previous studies confirmed improved prediction
accuracy. Using this refined method, the Threshold Sooting Index (TSI could be
accurately predicted for unmeasured or synthetic hydrocarbons, demonstrating strong
applicability to combustion characterization and fuel design optimization.

Key Words : Alkane fuels, Threshold Sooting Index, Virtual Smoke Point
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Combustion characteristics of hydrogen-methane premixed flame

in gas turbine nozzle

Halam Hwang", Wonseok Jang™, Seongyeop Kim", Hokeun Kim™", Seungro Lee
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ABSTRACT

As global interest in environmental issues increases, carbon-free fuels are attracting
growing attention. Hydrogen has been considered a representative carbon-free fuel
because it does not emit carbon dioxide during combustion and has a high heating value
and rapid diffusivity. In this study, the combustion characteristics of hydrogen - methane
fuel In a gas turbine nozzle were investigated through numerical and experimental
methods. Hydrogen extended the blowout limits, thereby enhancing the flame stability

region.

Key Words : Hydrogen, OH radical visualization, Premixed flame, Flame stability, Gas
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A Well-to—Tank Assessment of Hydrogen Pathways for Marine
Fuel Applications: A Case Study on Ro—Pax and LH2Z Vessels

Yejin Yu'.Sein Moon'.Hongmin Kim'.Anna Lena Keil®.Hanho Song’

ABSTRACT

This study evaluates the Well-to-Tank (WTT) cost and greenhouse gas (GHG) emissions
of various hydrogen supply chains for a Ro—Pax ferry and LHZ vessels. A comprehensive
analysis tool was developed to assess different pathways, including domestic (Korean)
and overseas production (e.g., Australia, Saudi Arabia), using methods like SMR, ATR,
and electrolysis. Key transport scenarios involving liquid hydrogen (LH2) and ammonia
(NH3) carriers were compared. Results indicate that overseas production is significantly
more cost—effective, primarily due to lower renewable energy and natural gas prices
abroad.

Key Words : Hydrogen, Well-to—Tank (WTT), Life Cycle Assessment (LCA), Marine
Fuel, Ammonia Carrier
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Fig. 1 (Above) Overseas production pathways,
(Below) domestic production pathways

Table 1 T&D scenarios

1 Oversea Production + LH2 Carrier + GH2
Ro-Pax Tank

2 Oversea Production +LH2 Carrier + LH2
Ro-Pax Tank

3 Oversea Production +NH3 Carrier + GH2
Ro-Pax Tank

4 Oversea Production +NH3 Carrier + LH2
Ro-Pax Tank

5 Domestic Production + Liquefaction + LH2
Truck + LH2 Ro-Pax Tank

6 Domestic Production + Liquefaction + LH2
Truck + GH2 Ro-Pax Tank

7 Domestic Production + GH2 Pipeline/Truck
+ GH2 Ro-Pax Tank

8 Domestic Production + GH2 Pipeline/Truck
+ Liquefaction + LH2 Ro-Pax Tank
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Fig. 2 Costs and GHG results of overseas and
domestic cases of Ro—pax and LHZ vessels
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Development and Validation of a One-Dimensional Unsteady

Analysis Code for the Design of a Regenerative Cooling Channel

in Hypersonic Vehicles
Seung Hyeon Lee", Hyung Ju Lee™

ABSTRACT

+

A numerical study was conducted on the unsteady heat transfer and endothermic
decomposition of n—decane in regenerative cooling channels for hypersonic vehicles. The
governing equations were solved with a finite volume-based semi-implicit scheme. The
predicted temperature, conversion rate, and heat absorption showed good agreement with
experimental data, confirming the validity of the numerical model. The developed code is
expected to be useful for the design and analysis of regenerative cooling systems in
hypersonic flight environments.

Key Words @ Scramiet Engine, Hydrocarbon Fuel, Endothermic Decomposition
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Table 1 Simulation condition

Parameter Value
Outlet pressure 3 MPa
Inlet temperature 300 K

Inlet Mass flow rate| 0.7 g/s, 1.0 g/s, 1.5 g/s
Constant Heat flux 50 ~ 500 kW/m®
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3
3
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Heat Sink [kd/kg]
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Fig. 1 Comparison of heat sink and conversion
rate of n—decane at different mass flow rate with
experimental data.
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Molecular Dynamics - Derived Endothermic Reaction Mechanisms

Optimized with Machine Leaming

Eungyo Choi” , Seongmin Lee™ and Hyung Sub Sim

sk

ABSTRACT
Understanding the pyrolysis behavior of hydrocarbon fuels for hypersonic
propulsion is critical for evaluating regenerative cooling and combustion
performance. Accurate interpretation of endothermic reactions requires a reaction

model that predicts pathways and rate constants at the molecular scale. In this

study,

a pyrolysis mechanism was developed using ReaxFF molecular dynamics

(MD) simulations and validated against high-temperature MD results, showing good

conversion rates
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agreement in
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optimization was
agreement with
trends.
optimization  techniques, extending
relevant temperature regimes.
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algorithm optimization, Reaction mechanism
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Fig. 1 Conversion rates of exo-THDCPD over
time at different temperatures (1,600 - 2,000
K): (=) MD results and (- O-) skeletal model.
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Numerical Study of Endothermic Decomposition Characteristics of

Supercritical n-Dodecane in a Regenerative Cooling Channel
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Fig. 4 Schlieren visualization in the DDT section
immediately after ignition.

Fig. 2 Chemiluminescence images showing the
flame acceleration and deflagration to detonation
transition process within the pre—detonator.

Fig. 5 Schlieren images in the transition region
downstream of the DDT section.

Fig. 3 Magnified chemiluminescence visualization
of the DDT onset region.
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Effects of additives of DTBP and CHP on ignition delay time of a

jet fuel at low pressure

Jihwan Seong”, Hojin Choi™, Dongchang Park™, Chae Hoon Sohn™

ABSTRACT

Reducing ignition delay time is crucial in the aspect of operation and performance of
hypersonic vehicles. For the purpose of reducing ignition delay time of exo-THDCPD,
di-tert-butyl peroxide, cumene hydroperoxide were blended and ignition delay time of
the mixtures was compared to that of pure fuel at low and high temperature. To
analysize the reason of reduction, kinetic models for the mixture were generated. It was
found that methyl radical enhanced the generation of OH radical when DTBP was used
while OH radical was generated immediately when CHP was used which resulted in the
decomposition of fuel at the early overall process.

Key Words Ignition delay time, Exothermic fuel,
analysis, Reaction pathway
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Experimental investigation of lithium—ion battery degradation

under extreme high temperatures
Chaeyoon Chang’, Pragya B. Singh", Ayushi Mehrotra®, Jack J. Yoh't

ABSTRACT

Thermal runaway remains one of the most critical yet least understood safety challenges
in lithium—ion batteries. This study investigates how internal heat generation evolves with
temperature and state of charge using Electrochemical impedance spectroscopy (EIS) and
differential scanning calorimetry (DSC). Distinct transitions in resistive, electrochemical,
and chemical heating are identified. The results revealed sharp instability above 130°C
associated with separator deformation and structural cracking of anode with insights that
clarify microscopic origins of catastrophic battery failure.

Key Words: Lithium-Ion Battery, Thermal Runaway, Heat Generation, Electrochemical

Impedance Spectroscopy, State of Charge

With the rapid global shift toward
electrification and renewable energy, demand
for lithium-ion batteries (LIBs) has become a
great interest in power sources in automobile
and aerospace applications. However, frequent
thermal runaway (TR) incidents in energy
storage systems (ESS), have caused serious
safety concerns in recent years. Therefore,
governments and regulatory bodies such as the
International  Electrotechnical Commission
(IEC), have been tightening safety regulations
for thermal abuse conditions in batteries.
Therefore, the growing demand for higher
energy density has heightened the need for
quantitative thermal characterization to ensure
safety in those energy storage systems.[1]

Li-ion Batteries has become indispensable in
modern powertrain systems due to its high
energy density as well as aligning with net-
ZEero carbon emission characteristics.
Moreover, their production chain is rapidly
developing due to its cleaner energy
infrastructure by recycling dead batteries and
therefore local resource circulation reinforces
the long—term carbon neutrality goals.

* A2 et g5 FF
t d&A A jjyoh@snu.ac.kr
TEL : (02)880-9334 FAX : (02)-882-1507

However, this rapid growth in extreme
environments also have developed serious
concerns over thermal safety, as heat
generated within cells can trigger catastrophic
failure leading to explosions. This thermal
energy primarily originates from resistive
heating & chemical decomposition reaction
inside the battery. A cascade of exothermic
events occur inside the system when total heat
generation surpasses the cooling threshold,
triggering temperature rise, separator melting,

and gas formation. Consequently, self-
quenching becomes impossible, leading to rapid
thermal propagation across neighboring
cells.[2]

Due to this motivation, this study quantitatively
evaluates internal heat generation in lithium-
ion batteries by combining the heating
mechanism regimes: resistive, chemical and
electrochemical. To quantify all of these
heating source groups, combination of EIS and
DSC techniques were utilized. The total heat-
generation rate is expressed as:
- Q= Qus+t Qpsc

Where Qg =1?(R, +R,+Z,) stands for
resistive and electrochemical heating, and
Qpsc = myAHe /BT represents heat due to
chemical reactions.[3] This combined strategy
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demonstrates a total threshold thermal energy
to trigger TR.
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Fig. 1 Temperature and SoC dependent heat
generation of the LFP—graphite full cell

Experimental result shown in Fig.1 represents
the net Qs corresponding to ohmnic+
electrochemical resistance up to its onset

battery failure temperature, T=190°C.

At lower temperatures, sluggish lithium-ion
transport increases internal resistance, which
peaks near mid-SoC range(=50%) due to two-—
phase reaction limitations. As temperature

rises (up to 130°C), the resistance and heat

generation has decreased due the enhanced ion
mobility and kinetics in electrolyte. Beyond T=
140°C, however, the chemical leakage of the
molten separator outside the expanded coincell
was observed due to the gas evolution from
ED/DMC liquid electrolyte. As a result, short—
circuit leading to cell failure was observed due
to physical contact between the cathode and

anode at 190°C for all SoCs.

This observation is further corroborated by the
Scanning Electron microscope (SEM) analysis
of anode surfaces (Fig.2) at different states of
charge. Upon heating, the delithiated anode (0%
SoC) develops a porous and cracked
morphology, increasing electrolyte contact and
facilitating ion transport, which explains the
lower resistance observed in the EIS data.
Conversely, the fully lithiated anode (100% SoC)
exhibits compact, densified surface structure-—

Fig. 2 Anode surface morphology at at 30°C,
190°C for SoC=0%,100%

—that limits wettability and hinders electrolyte
penetration. These contrasting morphologies
strongly correspond to the electrochemical
trends shown in Fig.1, indicating that thermally
induced structural instability of the anode
governs the impedance evolution preceding
thermal runaway.
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Evaluation of NOx emission characteristics with respect to

residual ammonia concentration in ammonia cracked fuel
Jinhyeon Park”, Min Jung Lee't

ABSTRACT

This study investigates the effect of residual ammonia on NOx formation in combustors
using cracked ammonia fuel. Simulations were conducted under gas turbine-relevant
conditions, including pressures of 1-25 bar, residence times of 2-10 ms, and equivalence
ratios (¢) from 0.5 to 0.8. Residual NHs concentrations ranged from 10 to 10,000 ppm.
Nine chemical kinetic mechanisms were compared. Results showed that low NH3z
concentrations led to pressure—driven NOx increase via the thermal-NO pathway, while
high NHs suppressed NOx formation due to enhanced radical recombination. A crossover
point (2000-5000 ppm) was identified, marking the transition between dominant NO
formation mechanisms. These findings inform strategies for NOx mitigation in gas
turbines using cracked ammonia. These findings offer a fundamental information for
optimizing residual ammonia control in gas turbines using ammonia cracked fuels.

Key Words : Gas turbine, Ammonia cracked fuel, Residual ammonia, NOx emission
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Fig. 1 Schematic of the PSR model used for
NOx evaluation;, NOx is reported on a dry
basis at 15% O2
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Table 1 Mole fraction of cracked fuel with

variation of residual ammonia concentrations

Residual NHs 10 ppm 100 ppm 1000 ppm 10000 ppm
NHs (mol%) 0.001 0.01 0.1 1

Hz (mol%) 74.9993  74.9925 74.925 74.25

Nz (mol%) 249998  24.9975 24.975 24.75
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Fig. 2 NOx emissions with variation of residual
NH3 concentration under different pressure
conditions (1, 5, 15, and 25 bar) at ¢ = 0.7
and ¢ = 5 ms.
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Autoignition Ignition Delay Time Study on Chemical
Composition Analysis of Alternative Fuels

Kyungwook Min'T. Minkuk Kim'. Jeongjae Hwang'. Wonjun Lee”. Sunho Park’. Jeongwoo Lee™. Joongyoon
Son™". Nayeon Kim"

ABSTRACT

This study investigates ignition delay characteristics of representative hydrocarbon
species (n—, iso—, cyclo—alkanes, and aromatics; Ciz range) that represent alternative
aviation fuels, and compares them with hydrogen and ammonia-cracked fuels.
Experiments using RCM and shock tube were conducted at 10-20 bar and various
equivalence ratios. Complementary kinetic simulations identified mechanisms capable
of accurately predicting ignition behavior, particularly across NTC and low-
temperature regimes.

Key Words : Alternative Fuels, Ignition Delay, Autoignition, RCM, Shock tube
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Experimental study on the heat transfer characteristics of

methane-iron hybrid non-premixture flame with
3 kWth small combustor

Changhee Byun®, Taeyoung Chae®, Jaewook Lee”, Won Yang™'
ABSTRACT

This study provides a fundamental investigation of the heat-transfer characteristics of a

non-premixed methane -iron hybrid flame.

Experiments under varying oxXygen

concentrations show that oxygen enrichment shortens the ignition delay, shifts the

ignition location wupstream toward the top of the furnace,
in the wupper region.

high-temperature/high-luminosity zone

and concentrates the
In addition, both the

co—firing ratio and the oxygen concentration exhibit positive correlations with the

in—furnace radiative power.
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combustion furnace and experimental devices
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Role of the Cavity Flameholder in the Reacting Flowfield of a
Preheated Kerosene-fueled Scramjet Combustor
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Transfer Learning for Predicting the Ignition of Large

Hydrocarbon Fuel/Air Mixture with a Sparse Dataset
Hae Ram Park, Ki Sung JungJr
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Numerical study on the Evaporation and Combustion of a Two—

Component Diesel Surrogate Droplet
Surya Balusamy’, Ki Yong Lee't

ABSTRACT

In this study, numerical simulations of isolated diesel fuel droplet evaporation and
combustion were conducted using the Lagrangian—Eulerian approach. The objective was
to investigate the evaporation and combustion of two—component diesel surrogate
droplet and to validate with the available experimental data of other researchers. For
the evaporation analysis, simulations of a pure n—-dodecane droplet showed good
agreement with experimental results. To determine the ignition delay time, a perfectly
stirred reactor (PSR) combustion model was employed. The detailed kinetic mechanism
for diesel surrogate (77% n-dodecane and 23% m-xylene) used in this study consisted
of 362 species and 2,653 reactions. Overall, the results show that the lifetime of the
diesel surrogate droplet was increased by 11% compared to n-dodecane droplet.
Additionally, as the ambient pressure increased from 1.9 to 3.8 MPa, the cool flame
becomes more stronger, and the ignition delay time decreased. Overall, the ignition
delay-time results are in good agreement with the experimental data.

Key Words: n—dodecane, Diesel surrogate, Ignition delay time, OpenFOAM

Ignition (LTI) have not been investigated due to
1. INTRODUCTION the complexity of reaction rates under LTI
conditions. In this study, two—stage ignition:
LTI and HTI is observed for two-component
diesel surrogates and validated against
experimental data.

In diesel engines, injected fuel undergoes
complex physical and chemical processes such
as atomization, breakup, and evaporation
caused by liquid-gas interactions. To simplify
these phenomena, studies using single droplet
fuel and multi—-component surrogates provide
valuable insights into surrogate fuel
formulation. Isolated droplet studies also offer
computational efficiency in DKM-based
simulations using the L-E  approach.
Understanding and controlling LTI, cool flames,
and the transition from cool to hot flames are
crucial for enhancing engine performance and
reducing emissions. Previous numerical work
[1] focused on mono-component fuel droplet
evaporation and combustion of n—heptane and
n—dodecane. However, multi—component
surrogate droplets with Low Temperature ’ 0.15

0.2 0.2

* THATYS W AA-7] AT
T 9847, kylee@gknu.ac.kr
TEL : (054)820-5899 FAX : (054)-820-6127

Fig. 1 3-D computational domain used in this
study.
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Fig. 2 Normalized squared diameter (d/do)? with respect to time (a) validation with experiments of
Harada et al. [2] (b) comparison of n—dodecane and diesel surrogate.

2. METHODOLOGY

The simulation has been carried out using
OpenFOAM V-2312 using PISO algorithm. The
computational domain is a 3D-square prism of
0.2x0.2x0.2 (m) [1] and at the center of the
prism the droplet is fixed as shown in Fig.1.
The initial and boundary condition used for
simulation is shown in Table.l. The grid
configuration used in this study is based on our
previous work [1]. The present work
investigates the autoignition behavior of two-—
component diesel surrogates [3] using detailed
chemical reaction mechanisms of
Narayanasamy et al. [4]. These mechanisms
were used to predict the autoignition delay time

of the fuel—-air mixture, emphasizing two—stage

ignition and negative temperature coefficient
(NTC) behavior.

Table. 1 Initial and boundary conditions

No Parameter Evaporation | Combustion
1 n-dodecane, .
. Diesel
Fuel Diesel
surrogate [3]
surrogate
2 Initial droplet
diameter (do) 0.9 0.05
[mm]
3 Ambient
temperature, 773 750-1000
(T) K)
4 Ambient
pressure, (P.) | 0.1 1.9, 2.6, 3.8
(MPa)
5 Ambient gas Air Air
6 Gravity
(m/s?) -9.81 0
7 Reaction _ 362 S/ 2653
Mechanism R [4]
8 Experiment Harada et al. Kei Miwa et
Validation [2] al. [5]
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3. RESULT AND DISCUSSION
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Fig. 3 Two stage auto-ignition of isolated
diesel droplet.

The study was conducted in two phases:
evaporation and  combustion. For the
evaporation phase, the numerical prediction of
isolated n-dodecane droplet was in good
agreement with the experiment [2], as
illustrated in Fig. 2(a). A slight deviation was
observed during the quasi—-steady evaporation
stage (c) [1] this is because in the experiment
setup to suspend the fuel droplet the fiber was
used and the fiber thermal conductivity
accelerated the evaporation of the droplet but
in numerical studies the droplet is fixed without
any fiber. In Fig. 2(b) the fuel was changed to
diesel surrogate which has 77% n-dodecane
and 23% m-xylene and the lifetime of the
droplet was increased from 11% compared to
100% n-dodecane. This is due to the higher
latent heat of evaporation (hs) of m-xylene
(~308kJ/kg) compared to n-
dodecane(~251kJ/kg) at the Twoin of the fuel.
An increase in hs in Eq. (1) reduces the
Spalding heat transfer number (B), which in
turn decreases the evaporation constant (K) in

Eq. (2). Hence. the two-component diesel
surrogate droplet exhibits a longer lifetime.
The evaporation constant (K) for n-dodecane
is 0.553 and for diesel surrogate droplet 0.512.

B (D
— Cpg(Ta - Ts)
hfg

)

8kg
—K=- In(1+ B)
lcpg

Table. 2 Ignition timing observed at different
ambient pressures

P. [MPa] LTI [ms] HTI [ms]
1.9 15.99 21.45
2.6 16.95 21.568
3.8 18.60 22.10

For the combustion study of diesel surrogate
droplet, Fig. 3(a—c) shows the low temperature
ignition (ILTD) and high temperature ignition
(HTD at Pa~1.9-3.8 MPa. Table.2. lists the LTI
and HTI ignition timing at different ambient
pressure. It shows that the LTI increased from
t=15.99ms to 16.95ms when the pressure
increased from 1.9 to 2.6MPa.

The numerical criteria for detecting low-
temperature  ignition (LTD and high-
temperature ignition (HTI) are defined using
Egs. (3) and (4) [1]

aTCETLtET (3)

> 10 K/s

T center (4)
— > 7
ot 107 K/s

Fig. 4(a-c), shows the autoignition delay time
for isolated diesel surrogate droplet. The result
shows that increasing the pressure leads to a
decrease in the ignition delay time. The
autoignition delay time was calculated for

.=1.9-3.8MPa with Detailed Kinetic
Mechanism (DKM) developed by
Narayanaswamy et al. [4]. Additionally, the
application of NTC is also required to predict
the ignition delay time accurately at low
temperature region. This mechanism accounts
for low temperature chemistry and was
validated with experimental results of Kei Miwa
et al. [5] as shown in Fig. 4 (a-c).
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Fig. 4 Validation of autoignition delay time for diesel droplet with experiments of () Kei Miwa

et al [6], (-=-) numerical.

4. CONCLUSION

This study investigated the evaporation and
combustion behavior of an isolated two-
component diesel surrogate droplet using
detailed  kinetic mechanisms. For the
evaporation phase, replacing pure n—dodecane
with a diesel surrogate composed of 77% n-—
dodecane and 23% m—xylene resulted in an 8%
decrease in the evaporation constant (K), while
the droplet lifetime increased by 11%. For the
combustion phase, increasing the ambient
pressure was found to strengthen the cool
flame region and delay the low-temperature
ignition (ITD timing. The numerically predicted
ignition delay times showed good agreement
with experimental data. Future work will focus
on incorporating a real—-gas equation of state to
improve the accuracy of combustion
predictions under high—pressure conditions.
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Performance Enhancement of Chemical Reactor Networks
through Multi—Fidelity Modeling Approaches

Jun Seok Seo’, Hyun Soo Mo", Chun Sang Yoo, Ki Sung Jung"

ABSTRACT

H AT = 1154 %E DNS(Direct Numerical Simulation) AlE# ¢4 HABE &85}
AzAE g uke-7] Y E L I(Chemical Reactor Networks) Rd 9] oS AT FAA]
7= O 24 ghs e 8596y CRN B8 B3 A7) BEE g
A & oy destd bgdoR QlE ZEgkol A7 Utk o]E H4str] 9,
CRN 3452 E3 Qoizl 214w 713X (weight) 9 T 8k(bias)S CFD 7]%F 3h59 £7)
#Hom oM AFAE HYRE A= 2d g5 o] wrgskelct. ol A
A8 T AR 2do] AT o5 Aed FATIEA AN 284S FH8
. B 95 A= CRNT DNSE A3 thF 4= Edo], dih Al~HE FAoA A
b a8 A5 AEE TAY TN P e 27 A S BoE

Key Words: Chemical Reactor Networks, Direct Numerical Simulation, Multi—Fidelity,

Artificial Neural Network

1. Introduction

24 4% EAHDirect Numerical Simulation;
DNS), Z9yZAt(lLarge Eddy Simulation;
LES)9} e :algA FREAE 9SS §Eo
2 @S AsiA Ads) =2 A=
QaEg AweAw, AL WGl o9 o}
g xas  EgA Adslds
Hlg& Aot w3t fAd Edn g Ho
daglEFE da7d ALs] YA e, o=
Azel oAt pUsUIE  ouw
SAzAAAY AS BAFHE SA Lojd &
= Aol WRH

gg  ¥kg7] UELA(Chemical Reactor

Network; CRN)&= B8+ vkg A|A®LS ©hdh
FHZ EAlsl] AT ¢ e YHELRA
oheksl A7) G AL

A=3r vl Y [1-3]. CRNE 7]& olojrjoj=
CFD &4 =vgds 2 74 7g02 5o
7t FEE dxste 4

« w2 A w74 g g
¢ ARy ed 7)1 A g
T A=Az, 4714 (kjung@pknu.ac.kr)

g 7} AL PSR (perfectly stirred reactor)
o (plug—flow reactor)& %3] 0-D/1-D
dosA o &, 9digk Ao

Z710) A 9]

tink, CRN2 wstd  7hAdl 71&8H7)
o oS ALz gAZE dY 4],
AIEE 287 HadMeE HAE AolxE 71
Z wWEA sl7] g CRNU RFES
M zAEoF sy, ol ) HEE AHolxTh
EA o slestH, () ARA Eort=
B AgE Emsk FAR $oglg &, 7)E
CFD% CRN F =42 A= AA gaii
SHoA AHkE BAS A ER, olF A%
ngHoz AgRst £ dE 9F FHZ(multi-
fidelity) 71%F Ho] 2@ [5]

A EgEe

A gk HpAl Agatdnt. WA
AgtE  zAdA 1mE4Ax CFD  HolHE
gran, o JEoer Ay BRI
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Adstalnt. A" ASHE HolBE ol &3

ol ¥ A (Artificial Neural Network; ANN)S
1dA=Z gste] x7] FEEEHCEA,
HEPE dRdo. ogEA TgH5dH FHHEHE
294l CFD 7%k 859 =7|gho] &8sttt
olgdt HEE 3 Nelele] ALt

EEHE  RASEAE, nEUE age
AT dF AHeses AL ASS
gelatoir).

EoATdA A8d 0F FAx wdy
oo BHEAEE Asstrl ds, 1A de
FAo]  BAl W Bunsen burner) 7|9
HgsArh. o= dole FEI} A% HAL
g z2dolA AFstr] 93 dA o, FFE
BH% Po] Aay) ANoE Sgstel B
Aa 27949 AL 7sdE AED o Ao
2. Results

2 A7 A gF FAE 2dy
Hog B4 Wy a7 485ty S4AE H
wade o g Mwsgc. oY 18 B
AT A HE F™E HolHE AolAY HAE
Aole] gAzAL Ve BA MY 4T
2ok QT £EE o] v F 9709 CFD
AL FARAL, Fold LE/YT SE W
oAl CRN 34 deolHE = 10,0007
A28k}, dl" CRNUOlEE =3 3719
T2 ANNE"ES TEo™ (Low-fidelity
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NO, NOz Nz02] E8& [ppmlg dSst=®
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® CFD
500 e e =
450
= 400 ° ®
350
300 e ®
060 075 090 105 120
U

Fig. 1 Operating conditions for training and test
cases.
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regularizationZ]¥Fe]  &#  d1eElE  [6]
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il
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and MF models.
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Combustion prediction based on data—augmented physics—

informed operator learning
Junhyoung Jo', Tonhgun Lee®, Jihyung Yoot

ABSTRACT

A zero-dimensional constant volume hydrogen combustion process is modeled using
data—augmented physics—informed operator learning. A total of 11 chemical species
and thermodynamic state variable were trained with only 25 pre-labeled training
datasets. A dedicated training strategy was developed to account for the set of stiff
governing equations. Overall, the data—augmented neural operator produced results
comparable to a purely data—driven model and showed approximately 1% error for
temperature and less than 1072 error for chemical species concentrations.

Key Words
combustion, Chemical kinetics|
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Study on Key Reactions and Emission Characteristics Under
CH4/NH3 Co—Firing Condition on Chemical Kinetic Analysis

Minhyeok Kim", Jonghyun Kim®, Seungmin Kim", Jungsoo Park™ "
ABSTRACT

Ammonia is a promising hydrogen carrier for the transition toward a hydrogen—based
energy economy. Despite advantages such as infrastructure compatibility and carbon—
free combustion, ammonia faces challenges including high autoignition temperature, low
laminar flame speed, narrow flammability limits, and NOx emissions. This study
evaluates combustion stability and emissions characteristics of methane/ammonia co—
firing at stoichiometric conditions. A OD simulation model incorporating three chemical
reaction mechanisms (Okafor, GRI 3.0, and Marina) was developed and validated
against experimental data from a premixed swirl—stabilized combustor. The results
demonstrated good agreement in temperature prediction and NOxX emission trends.
Both Okafor and Marina mechanisms captured the non—monotonic NOx behavior with
increasing ammonia blending ratio, consistent with experiments. While absolute NOx
discrepancies were attributed to geometric factors not accounted for in the Chemkin
model, the overall predictive reliability was confirmed. The validated model will enable
subsequent detailed chemical reaction network analysis to identify NOx formation

mechanisms.
Key Words :
simulation
A AAACR 34 A7 F4 wdda FA
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Ammonia, Chemical Reaction Network (CRN), co—firing, Combustion, OD
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Leveraging Similarity in Parameterized Reactive Flow
Simulations Using a Reduced Order Modeling with
Time—-Dependent—Bases
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A reduced-order modeling (ROM) framework
aims to represent complex reacting systems
using a small number of dominant modes
identified through their underlying correlation

or similarity. In this context, a time-
dependent-bases (TDB) ROM based on
singular value decomposition (SVD) is

employed to approximate transient combustion
dynamics. Similar approaches, such as the
time—dependent—-bases CUR method by Jung et
al. [1], have demonstrated significant
computational benefits in reacting flow
simulations. Accordingly, the SVD-based
TDB-ROM explored in this study provides a
foundation for achieving efficient low-rank
representations and potential reductions in
computational cost for combustion analysis.
While TDB-ROMs have shown strong
potential in transient combustion analysis, they
remain limited when applied to complex
reacting systems that require a large number of
modes to represent their full dynamics. This
limitation becomes more pronounced in
parameterized combustion simulations, where
multiple operating conditions are simulated
separately and each single-case ROM
constructs its own independent low-
dimensional manifold. As a result, redundant
representations arise and the overall efficiency
of the ROM approach deteriorates when
extended to multi—case analysis. To overcome

#2287 A (UNIST) 717383
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National Laboratories
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t Qg4
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these issues, the present study introduces the
concept of a Parameterized Partial Differential
Equation (PPDE) framework, which jointly
analyzes multiple cases under varying
boundary and operating conditions. By
leveraging cross—-parametric similarity, the
PPDE formulation integrates these cases into a
unified low—-rank manifold that captures shared
physical and chemical structures across the
parameter space, thereby improving both
efficiency and consistency in parameterized
combustion simulations.

In many reduced-order modeling studies,
normalization and standardization are applied

as preprocessing techniques to improve
numerical conditioning and reconstruction
accuracy. However, for spatially and
temporally  stiff reacting systems like

combustion simulation, such preprocessing
often distorts the intrinsic hierarchy of
dominant species or spatial structures, leading
to degraded model performance. Within the
proposed PPDE framework, the physical
importance within each case and the similarity
across cases can be clearly separated. By
applying preprocessing only to enhance inter—
case similarity, the PPDE approach preserves
the internal physical and chemical significance
of each case while reinforcing cross—case
correlations. Consequently, this methodology
enables the construction of a more coherent
and physically consistent low-rank manifold
across parameter variations.

A detailed description of the proposed TDB-
ROM-PPDE algorithm is provided in Table 1.
The procedure follows the baseline TDB-ROM
based singular value

formulation on
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decomposition (SVD), extended to incorporate
an additional parameter dimension representing

multiple cases under varying boundary
conditions.

In this framework, each case evolves through
the TDB-ROM update while basic

preprocessing steps are applied to maintain
consistency and enhance similarity across
cases.

Table 1 Algorithm of TDB-ROM w/

preprocessing

U € R¥o*Ws Vo) 5 € ROV Noam) Vs Noam) y € RV Noam) (N5 Nsam)
l’j € ]RNEX r}i eR” X T,V € ]R(N,-Nmm) X T

@, P € RVo*WsNsam) // mass fraction matrix

PE RV Vs // Preprocessing
operator

1. &pp = PP

2 UEVT = SVD(Ppp)

3. @pp = OSV!

4 =P 1Dy

50 forj=1, ]

6 F — f(®1,p)

7. @=&+bFAt

8: end for

The proposed framework was validated using
a one—dimensional premixed flame propagation
configuration with the reduced Shell D
gasoline-surrogate mechanism [2]
(SDC8H14, 38 species). The unburnt mixture
temperature was initialized above 800 K. The
simulation duration was set to 0.5 ms, which
provides sufficient time to assess error
accumulation and to observe the propagation of
the premixed flame under transient conditions.

Figures 1 and 2 compare the single-case
TDB-ROM ( Ngum = 1) results obtained
without and with preprocessing, respectively.
When no preprocessing is applied, the ROM
begins to capture the main flame structure
accurately once the number of retained modes
exceeds about half of the total rank (e.g., r =
20 out of 38). However, even with the same
rank, applying scaling operations such as
normalization or standardization reduces the
relative importance of dominant species,
leading to a noticeable deterioration in overall
accuracy. These results indicate that
preprocessing have limited effectiveness for
single—case ROMs and mainly act as factors
that distort the intrinsic species—specific
importance within the system.
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Fig. 1 Profiles of OH mass fraction by (dark line)
DNS TDB-ROM  w/o
preprocessing by 20 rank of ROM

and (yellow dash)
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Fig. 2 Profiles of OH mass fraction by (dark line)
DNS (red dash) TDB-ROM w/

preprocessing by 20 rank of ROM

and

To evaluate the performance of the multi-
case (PPDE) framework, five cases were
constructed by varying the initial temperature
in 10 K increments, while keeping all other
conditions fixed. Figure 3 compares the
reconstructed OH mass—fraction profiles with
the DNS reference, showing that, unlike the
single—case result in Figure 1, accurate
reconstruction is achieved even when using a
significantly lower rank (r = 10). Figure 4
presents the NRMSE variation with rank,
demonstrating that errors remain consistently
lower across all ranks compared to the single-

case ROM. These results suggest that
leveraging cross—case correlation inherent in
the multi-case formulation enables the
construction of a more expressive and
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physically consistent low—dimensional manifold.
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Fig. 3 Profiles of OH mass fraction by (yvellow
dash) DNS and (dark line) TDB-ROM, PPDE

case with increment 10K, case 1

However, as shown in Figure 4, when the
temperature increment between cases is
increased to 50 K, the inter—case similarity
decreases significantly, and the NRMSE values
in the low-rank region (r~6-8) become
unacceptably high. This indicates that when the
correlation between cases weakens, the low—

dimensional manifold loses its representational

adequacy, reducing the benefit of the
parameterized formulation.
W lg::fm'*-\.\_
64 ‘Al.l.u»l:znbm *.\.\
10~ Al "K.\.
. ~
.. -
_ e, 3.63¢-08 R
CRUK e e
=
[&4]
Za e LSS L
= Acee 2.89e-08
% 17"
10 -'{ == Increment 10K, n_sam=3
* A=+ Increment 50K, n_sam-3
3.92¢-14

—4-- n_sam-1

20 25

case Rank

6 8 10 15

Fig. 4 NRMSE of single case (blue) and PPDE
case (Ngm = 5) for Increment 10K(dark),

and 50K(red)

The degradation is also evident in Figure 5,

where the reconstructed OH mass—fraction

profiles show substantial spatial deviations
from the DNS reference in the absence of

preprocessing.

0.008 -

0.006 [~

YOH
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—:=:=:=:= ROM, rank 6, wio PP i

S S
position [m]
Fig. 5 Profiles of OH mass fraction by (solid
lines) DNS and (dash lines) PPDE cases w/o
preprocessing by 6 each case rank of ROM
Unlike preprocessing in the single-case,
which degraded accuracy by distorting the
in the PPDE

framework it can be applied to enhance cross—

species—specific importance,

case similarity without altering intra—case
weighting. As demonstrated in Figures 6 and 7,
this

significantly improves reconstruction accuracy

similarity—oriented preprocessing

even at low ranks, with reduced NRMSE values.
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Fig. 6 Profiles of OH mass fraction by (solid
lines) DNS and (dash lines) PPDE cases w/ pre—
and postprocessing by 6 each case rank of ROM
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PP(dark), and w/o preprocessing (red)
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These results confirm that preprocessing acts

as an effective similarity—alignment step,
enabling the PPDE-based ROM to maintain
high-fidelity low-rank reconstructions even
for weakly correlated case groups.

We

Differential Equation (PPDE) framework based

proposed a Parameterized Partial
on time—dependent bases (TDB) and singular
value decomposition (SVD), which leverages
similarity to construct

inter—case more

coherent low-dimensional representations

across multiple reacting cases. By

incorporating similarity-oriented
preprocessing, the proposed method enhances
cross—case correlation while preserving intra-
case physical fidelity, resulting in accurate
low—-rank reconstructions with fewer modes.
The results demonstrate that the ROM-PPDE
achieves comparable accuracy to single—case

models while offering a stronger generalization

capability across different operating conditions.

This framework also provides a foundation for
CUR based PPDE

is expected to further

extending toward a

formulation, which

improve  computational efficiency  while

maintaining high predictive accuracy in

parameterized combustion studies.
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1. Introduction
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Combustion Characteristics of Catalyst Heating Conditions
According to Injection Pattern in a Center—Injection GDI
Optical Engine

Geonwoo Ko*. Dongwoo Kang®. Sangjae Park™. Yousang Son™. Sungwook Park™T

ABSTRACT

Particulate Matter (PM) from Gasoline Direct Injection (GDI) engines is a key challenge,
especially during CH mode. This study investigates how injector spray patterns affect
combustion stability and PM in an optical engine. We identified three critical factors:
securing a rich mixture near the spark plug improved ignition, while enhanced tumble
flow promoted homogeneity. However, a trade—off exists, as spray strategies enhancing
ignition can increase fuel wall wetting—a primary source of PM-requiring careful
optimization for emission reduction.

Key Words: CH mode, Particulate Matter, Combustion stability, Spray pattern, Wall
wetting
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Fig. 1 Corriz)oents of an Optical Egine and an
Image of a Quartz Cylinder
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Fig. 2 Schematics of Injector pattern conditions

3. Results and discussion
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A Comparative Study on the Emission Characteristics of
Simulated Synthetic Fuel and Gasoline in a 1 L—Class FFV
Engine

Jeonghyun Park *, Seokjoo Kwon'", Siwon Lee"’, Seung Hyun Yoon'"", Suhan Park
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Effect of Spark Plug Location on Flow and Combustion

Characteristics in a Gasoline Direct Injection Engine

Dongwoo Kang®, Namho Kim", Geonwoo Ko®, Sangjae Park™, Yousang Son™, Sungwook Park

skt

ABSTRACT

This study investigates the effect of spark plug location on in-cylinder flow and
combustion characteristics in a gasoline direct injection (GDI) engine. A single-cylinder
CFD model using CONVERGE v2.4 with the RNG k-epsilon turbulence and KH-RT
spray models is established and validated. Results indicate that spark plug height affects
tumble flow structure and turbulence distribution, suggesting that proper positioning is
essential to ensure stable combustion in GDI engines.

Key Words :

Gasoline Direct Injection (GDI), Spark plug location, Turbulent Kinetic

Energy (TKE), Computational Fluid Dymanics (CFD)
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Investigation on In—cylinder DeNO, Strategy in a Natural Gas-
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Strategy Using a OD Numerical Simulation
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Table 1 Fuels volumetric energy [3]

Fuel Volumetric energy
density (Wh/L)

Ammonia 4325

Methanol 4600

Ethanol 6100

Gasoline 9700

Hydrogen 1305
Lithium-based battery 730~2039

[ =
A7k, 4, A T A B4
o] $4g A5 TaUF AL 9 7}
3] Compression—ignition(CD) <zl 7]Hk
dRYol-t]Ae] o]FAFE Th AT E]
3] Fa=e] ghoy, A2 t] JpEg da 27
Q1 Spark-ignition(SI) AFloA dRYol-AA
Tk o]ZAEe A B4 vleAdo]l AEH
o2 FHHAY [4]. Y AT d=F =
AN A7 A-GE oo ZFH|E A dd
F(ALHV) 7]5 100:0¢14 50:507k4  FEYo}
H &S S7FA3H S W], engine out emissionol] 4]
Fho] A7} R Yol k2 A% FIhES
o, TAE FAE FHG o]Fd = o] g
Holes A0 R AAHTT Higith
dEUel Ax5= As #AAHoA  TEY

N

< RO AT
1 |g-A A, sechuloh@pusan.ac.kr
TEL : (051)510-2430

Thermal NO, &0l Fuel NOJ} F7F= wrAd s}
719 71ERT} NOy Wi&%o| F7hste EA47F
Adrk. wEA F7HE NOE adAo= A

T # e FAe Aol Basiw, F A



H|702] KOSCO CONFERENCE

ZEZ(2025H 5 FHSHEINE])

HE5ol e Addz =u Y A2E(GCR)F,
Aelz HZu] g9 A ARI(ESNCR)S AHE-61S]
ok SCRE & @A 8A8FE ALEsto
fAHow I Lo NOZE YA}
3 AHE w2 AL A8L RAT, B
TZ, AFS FUE Q% =& FAHE, F

zd weh A mgol
S ES gEYel A5 AFEO® NOK
ol wa} SCR A=A 53
& 717t oldETh Wi, SNCRE

o
B
e
e

!
)|
=
0 o2 Bl - O T Ok ok cd o o

NHsE ] ;H OXE OJ}‘]7]E‘ HO]—'T
27h wedn, fAHgel Ao 42 A

lo
ro
k1

ATt 8?%1‘:& o 9 O00K~1400K¢] &+
Aol MqrE IRk %01 %W@rﬂtﬂ, 217.%3%
SCR AT}t @& ©ds 7FH5].

A AFoME sldxle] WFFHAAA HH
ol Wo] &% W97k SNCRY| &= #Hejol 3
e mustlon, Adu ol o] hxufol
o oJ3k NOX AL AL AFeErH4l.
2hA] CIdzl thn] o 74sgh dazz19 o
STl zle] A SNCRg o] g3t AAhAEE
AL
7}?HE ﬂﬁ%oﬁ 9ot

= Ayl s
A7bE-gRUol TSI
EuUol FEALE B
A A=) TbeAde
1A 2 A 2ds 2ARSH
AL AL, BEAL G F
8H7F NO« ZV.% ;v‘é_roﬂ Hlﬂ

Hﬂ
o |
i
(L «
Ans
=
— fl
i)
ML B =
2l
i

m%
_>i

(& o
e

_C:L

A

&

=)

i

of

ol

m%

_I_4

£

1o

6P}

Z

O

=
(oot

> N Mo rgﬁu
o
tlo ¥

[ e g ¥Q MU o B off

ﬂﬂmﬂ%m

re

T
5y
L
3

=
i
N
z
i)
o
- 1o

)
_O|L
32
T

2,

)

ol

e

f

2,
filo rak

r

o Ay
(o ot

N
N

)

o

@]

Do

1o

e,

)

Y

e,

il

N
2T

413
it
_O‘L
%2

o]
b
:oé
ofl

19,

2 p ok [z

éﬁgi TEFH A
2L Taple 39 98 278 vgo=
]_

_J_E‘__

Cantera®l] 7]4¥tste] MATLAB SAA T

A]

[e]
Ak das Ah 79 vdh FHes FE
H Two-zone EE=Z HEALFHZO EL 71 =9
dA Alg" Bdg FTsrHe]. ik =
=]

LA el M= Wiebe 6}*(*1(1))2 243519
o Edg 2d= Woschni #A1AE, 8 wt
& Alitel = Glarborg fAUESS Agsk9n)

Fig 104 oz Addoa] d& gj/\ A B
(Mass Fraction Burned)#ﬁg Wieb ala=(

(19 Aja

Table 2 Engine specification

Parameters Value
Compression ratio 10.5
Bore (mm) 123
Stroke (mm) 155
Connecting rod (mm) 275
Engine speed (rpm) 1100
Brake torque (N-m) 1000
Cylinder number 6
Intake Valve Close (°.aBDC) 30
Exhaust Valve open (°bBDC) 40
Spark ignition timing (°bfTDC) 22.9
Engine mode Full load
Table 3 0D engine model [6]
Category Model/Method

MATLAB + Cantera
Two-zone model
(burned/unburned)

Wiebe function

Simulation tool
Combustion zone
configuration
Combustion modeling
Heat transfer model Woschni correlation

Chemical kinetics Glarborg model [5]

Wiebe function : m)m“

x(6) =1—exp{- a(wd )

Mass Fraction burned Curve Fitting

Pressure (pa)
2

o - . . .
350 360 370 380 390 400
Crank angle (deg)

Fig 1 Mass fraction burned curve fitting
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Numerical study on PTJI based multi—stage ignition strategy

in a small S| ammonia fueled engine

Kangmin Ju", Jungsoo Park""t

ABSTRACT

Ammonia is promising carbon-free fuel for internal combustion engines due to its CO2-
free characteristics, compatibility with existing infrastructure, and superior storage and
transport properties compared to hydrogen. However, its low laminar flame speed, high
ignition energy, and narrow flammability range lead to delayed ignition, cycle-to-cycle
variation, and incomplete combustion, particularly under lean conditions. To address these
limitations, this study investigates passive turbulent jet ignition (PTJI) and multi-stage
ignition strategies in a two-cylinder, 800cc PFI engine fueled exclusively with liquid
ammonia. Simulations were conducted at equivalence ratios from 0.8 to 1.3 and spark
timings from —150° to —10° aTDC. The PTIJI chamber was designed as 5% of clearance
volume with six 1.5mm orifices to enhance turbulence and mitigate quenching effects.
Results showed that PTJI stabilized combustion at practical timings (-25° aTDC), shortened
burn duration, and reduced NHs slip while improving BSFC by up to 10%. Combining PTJI
with multi-stage ignition further shortened ignition delay by ~20%, improved BSFC by
15%, reduced NHs slip by 30%, and maintained gasoline-like performance. These results
demonstrate that PTJI and multi-stage ignition offer a viable retrofit pathway for stable,
efficient, and low—emission ammonia engines.

Key Words : Ammonia, Engine, Flame propagation, Jet flame, Multi—-stage ignition, Passive

turbulent jet ignition.
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A Study on the Optimization of Injection Strategies for
Improving Combustion Characteristics of GDI Engine under
EGR conditions

Jaewon Park’, Kanghyun Lee’, Dongwoo Kang", Jisoo Kim', Sungwook Park""t

ABSTRACT

According to environmental regulations, internal combustion engines are required to
reduce fossil fuel consumption. Engine downsizing and an increased compression ratio
can enhance thermal efficiency; however, they also increase the knocking tendency.
An EGR system can suppress knocking, but it may prolong the combustion duration,
thereby reducing thermal efficiency. In this study, a numerical analysis was conducted
to optimize injection strategies for improving the combustion characteristics of a GDI
engine under EGR conditions, investigating the effects of multiple injection

Key Words : CFD, GDI, EGR, Multiple injection, IMEP
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Table 1 CFD Condition

CFD conditions Values
Engine Speed 1400 RPM
Intake Fresh Air Flow Rate 197 LPM
Injection Pressure 350 bar
Equivalence Ratio 1

EGR Rate 35%
Spark Timing bTDC 3°
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Analyzing the Laminar Flame Speed and Reaction Mechanisms of

Gasoline-Methanol Blended Fuels

Jaehun Shin®, Dongwoo Ryu”, Seoksu Moon™"

ABSTRACT

g AAYF 44

The e-methanol, a carbon-neutral fuel, has been considered as an alternative fuel for
current gasoline engines in the form of a mixture with gasoline. Since the blend of
methanol with conventional gasoline alters crucial engine combustion parameters such as
ignition delay and combustion speed, understanding the effect of methanol blending on
those combustion parameters is of great importance. However, research on the laminar
burning velocity of gasoline-methanol blends is limited, particularly in engine operating
conditions. Therefore, in this study, the laminar burning velocity of gasoline-methanol
blended fuels is studied in engine operating conditions with a wide range of equivalence
ratios and methanol mixing ratios. To further analyze the trend of laminar burning
velocity, the production rates of H+ radicals and OH- radicals are analyzed. The results
showed that the laminar burning velocity increased with the increase in methanol
blending ratio but it has a non-linear relationship with the methanol blending ratio. The
trend of production rates of H+ radicals and OH- radicals showed a similar trend to

that of laminar burning velocity.

Key Words Carbon neutrality, Laminar burning velocity, e-Fuel, Combustion
characteristics, Radical production rate
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Evaluation of Engine Combustion Modeling Methodology for
Gasoline—Methanol Blended Fuel in GT-Power

Dongwoo Ryu', Jaehun Shin", Hoseung Yi'", Sungwook Park"™, Seoksu Moon'T

ABSTRACT

e—-Methanol, the simplest synthetic e-Fuels, is considered a practical option for reducing
carbon emission in conventional internal combustion engines. Its blend with conventional
gasoline alters fuel properties, affecting combustion behavior, engine efficiency, and
emissions. Therefore, it is crucial to assess the drop—in performance of gasoline-
methanol blended fuels in conventional engines through experimental and numerical
methods. However, there is limited research on gasoline—methanol blends in commercial
engine simulation tools. This study focuses on a methodology for incorporating such
blends into a 1D engine simulation tool, with a specific emphasis on predicting laminar
flame speed, a key factor for modeling accuracy. Laminar flame speeds data were
obtained through chemical kinetics analysis under various conditions and then
represented through fitted correlations for modeling purposes. The proposed model
demonstrated a prediction accuracy of over 0.93 when compared to single-cylinder

engine experiments.

Key Words : e-Fuel, Gasoline—Methanol blended fuel, GT-Power Simulation, Combustion

characteristics, Laminar flame speed
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Flow EngCylFlow (v2022)
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50 {|——GT-Power
Heat Release Rate
= = Experiment
= =GT-Power

R2=10.9399 {200 R%=0.9590

Heat Release Rate (J/deg)

Cylinder Pressure (bar)
Heat Release Rate (J/deg)

¢
{
L

0 {

0
-200 -150 -100 -50 0O 5 100 150 200

Crank Angle (ATDC Degree)

-200-150 -100 -50 0

Crank Angle (ATDC Degree)

10
0
-10 0
-200-150 -100 -50 0O 50 100 150 200

Crank Angle (A TDC Degree)

50 100 150 200

Fig. 1 Comparison of in—cylinder pressure and heat release rate between experiment and GT-

Power for Gasoline-Methanol blends.
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Effects of Ducted Fuel Injection Nozzle Design Parameters
using a Marine Diesel Injector on Spray and Combustion

Characteristics
Hoseung Yi', Hyunchun Park™, Sungwook Park 't

ABSTRACT

Effects of ducted fuel injection (DFI) nozzle design parameters on spray and
combustion characteristics were investigated using marine diesel injector and constant
volume combustion chamber. The DFI duct increases spray penetration length and lift—
off length and decreases spray angle which resulted in the reduction of soot formation.
Design parameter study which includes duct diameter, length, and gap concluded that
reducing duct diameter, increasing duct length and gap can reduce soot formation.
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Fig. 1 Schematic Diagram of Conventional
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Table 1 Specification of Constant Volume
Combustion Chamber

Item Specification
Internal Volume 11.95L
Material SCM440
Window Diameter 220mm

Fuel o

Solenoid Valve

—  Gas Fuel Chamber

— - Signal

Data Fuel Pump

CompactRIO

N; CHz 02 H
Gas Gas Gas Gas

Fig. 3 Schemat1c iagram of DFI Spray and
Combustion Visualization System

Table 2 Spray and Combustion Visualization
operating conditions

Ao] W e 27
Injector Temp. 100C
Injection Pressure 600-900 bar
Spray : 328K

Chamber Temp. Comb : 930-940K

Spray : 10-50 kg/m°
Comb. : 13-28 kg/m®

Chamber Density

Fig. 4 Schematic Diagram of DFI Duct Design
Parameters [1]

Table 3 DFI Duct Design Parameters

A7 g A =7
Diameter Ref. ~ 1.4%Ref.
Length 0.75%Ref. ~ 1.25%Ref.
Gap Ref. ~ 1.67*Ref.
A8l A reference duct® 23 % duct
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Analysis of Turbulent Premixed Flame Characteristics in a Hydrogen
SI Engine According to Air-Excess Ratio Using the Borghi-Peters
Diagram

Jongyoon Son", Wonah Park™, Kiyeon Kim", Jeongho Kim

seokok ek

, Kyoungdoug Min"™, Kyungwook Min"™"

>

Jeongwoo Lee™"

ABSTRACT

With the intensification of global warming and stricter greenhouse gas regulations, hydrogen has
emerged as a promising alternative fuel due to its wide flammability range and high laminar flame speed.
In this study, simulations of a direct-injection hydrogen spark-ignition engine were conducted to evaluate
turbulence intensity, laminar flame speed, integral eddy size, and flame thickness. These parameters
were applied to the Borghi—Peters diagram to analyze turbulent premixed flame behavior under varying

air-excess ratios.

Key Words : Air-excess ratio, Borghi—Peters diagram, Hydrogen spark-ignition engine, Turbulent

premixed flame
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Quantitative Analysis of Dynamic-Pressure Response in a Model
Gas-Turbine Combustor via Acoustic-Forcing Experiments Accounting
for Speaker Characteristics

Minjae Jeon®, Daejin Jang™, Minchul Lee™

ABSTRACT

This study quantifies dynamic—pressure behavior during combustion instability using
acoustic—forcing tests in a model gas—turbine combustor. Forcing frequencies spanned
160 - 960 Hz (fundamental to 6th mode), with voltage amplitudes stepped to characterize
responses and compare with simulated standing-wave fields. Results show near-linear
scaling between forcing voltage and measured dynamic pressure at most frequencies;
linear mode-specific trends persist while peak-response locations shift with frequency.
Calibrating for the speaker’s intrinsic response sharpened interpretation of in-combustor
dynamics and improved agreement with simulations.
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Thermodynamic Analysis of a Hydrogen—Ammonia Fueled Gas

Turbine with Integrated Ammonia Cracking
Bimal Bhandari, Jeonghyun Song, Yeseul Park, Gyung Min Choi

ABSTRACT

Hydrogen offers carbon-free power but faces storage and safety issues, while
ammonia serves as an efficient hydrogen carrier. A J-series gas turbine was simulated
in ASPEN Plus with integrated ammonia cracking using exhaust—heat recuperation.
Performance was analyzed for varying degrees of control by Ammonia Split Ratio
(ASR) and ammonia conversion rates. Higher ASR improved surge margin and fuel
consumption rate, but lowered power, efficiency and exhaust temperature, while partial
cracking improved power, efficiency and exhaust temperature at the expense of higher
fuel demand and reduced compressor stability.

Key Words: Ammonia cracking, Gas turbine, Hydrogen, Integration, Performance

Hydrogen has become a leading contender for
clean fuel applications as the global energy
industry speeds up its shift to carbon
neutrality. However, challenges in safety and
storage hinder their widespread use. On the
other hand, ammonia, a carbon—free hydrogen
carrier with high volumetric energy density
and easy storage, offers a viable option. The
literature addressing in—-situ hydrogen
generation from ammonia for gas turbine
applications remain scare. A study by Ji Hun
Jeong et al.[1] proposed a new integrated
system of GTCC with ammonia cracking
however, it is still relied on natural gas for
cofiring. Another study by Su et al. [2]
presented a novel ammonia—driven, chemically
recuperated micro gas turbine cycle that uses
a dual-fuel mode with ammonia and hydrogen.

A J-series Mitsubishi gas turbine [3] was
considered, and the design point analysis was
conducted under ISO ambient conditions

(15 °C and 1 atm). The baseline fuel

x FArofelal 7] AE ok

xx B s 7] A|F o
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TEL : 051-510-2476 FAX : (051-512-5236

considered was assumed to be 100% methane
by mole fraction. Table 1 summarizes the key
parameters used in the model. The both
design and off-design conditions were
simulated while maintaining constant Turbine
Inlet Temperature (TIT) using ASPEN Plus
software. The design point calculations were
verified to satisfy all mass and energy balance
equations, ensuring consistency of the model.

Eqgs. (1) and (2) are used to determine the
cooling mass flow rate for the turbine by
bleeding air from compressor.

Me Spe _o._ @
My Cpg 0, — @ (1)
0= Tg,max - Tb,max (2)
Tg,max - Tc

The compressor work and turbine work
were evaluated from respective enthalpy
differences between inlet and outlet states, as
shown by Egs. (3) and (4) respectively. The
net power output of the gas turbine was then
obtained from Eq. (5), incorporating
mechanical and generator efficiencies, while
overall efficiency was obtained by Eq. (6).

Vi/comp = mair(hcomp,out - hcomp,in) (3)
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Wturb = mg(hturb,in - hturb,out) (4)
) Wery — W, (5)
WGT - < turb comp> ngen
nmech,comp
Wy ©)
LYo

As manufactures don't share the compressor

and turbine characteristics map, a compressor
map was developed using stage stacking
method based on velocity triangle. The surge
margin for operating condition is calculated
using the relationship between operating
pressure after matching and surge pressure as
given by Eq. (7). The equation for swallowing
capacity is given by Eq. (8). The off-design
cooling mass flow rate depends on operating
and design temperature and pressure and was
determined by Eq.(9). The off-design power
and efficiency were calculated by the same
approach as design conditions.

Flow rate kg/s 598.808
Power MW  317.9
output

Performance .
Efficiency 9 36.5
(HHV) 7 !

SM = Psurge - Poperation (7)
Poperation
min\/ Tin
———— = constant,
KAinPin
(8)
. L P\ (Tea 0 (9)
M off-gd = Med <a> ( T, )
Table 1 Gas turbine modeling
Component Parameter Unit Reference
Temperature K 288.15
Inlet Air Pressure bar 1
Flow rate kg/s 583.33
No. of B 15
stages
Compressor Pre.ssure - 23
ratio
Outlet K  733.15
temperature
oms A
Turbine —
Turbine inlet K 187315
temperature
Exhaust Gas Temperature K 912.15
Pressure bar 1

A correlation curve for off—design modeling
is validated using operational power and
efficiency. The simulated results showed good
accordance with operational values as
illustrated in Fig. 1.

12

1 2 £ 4 h 4 ) 4 \ g g g <
€ o8
g Simulated power
g 06 ——Simulated efficiency
el Operational power
£ 04 ¢ Operational efficiency
z
0.2
0
280 285 290 295 300 305 310 315 320
Ambient temperaturein K
Fig. 1 Correlation curve validation with

operational data

For sustainable hydrogen supply, a novel
on-site ammonia cracking subsystem is set up
by recycling exhaust heat from turbine
through recuperation to carry out thermal
decomposition. The schematic diagram in Fig.
2 represents an ammonia cracking system for

partial or complete conversion of NHs to H2

and N2, and integrated to the gas turbine.

Liquid ammonia is first vaporized in the
vaporizer using heat recovered in recuperator
from turbine exhaust, producing gaseous
ammonia. A specific parameter, referred to
Ammonia Split Ratio (ASR) is introduced in
integrated configuration. The ASR, modeled in
Aspen Plus using a splitter block, controls the
fraction of ammonia entering the reactor. An
ASR value of O indicates that all ammonia
bypasses the reactor without cracking,
whereas a value of 1 implies that the entire
ammonia stream undergoes decomposition.
Intermediate values correspond to partial
cracking, where only a portion of ammonia is
decomposed while the remainder bypasses the
reactor. The main cracking process occurs in
the equilibrium reactor which partially
decomposes ammonia. For purifying, the
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integration system comprises a PSA because

unreacted NHs after decomposition also mixes

with pure NHs along with Hoa.

Fig. integrated

2 Ammonia cracking
turbine schematic flow diagram

gas

Three different conversion rates of NHs
99%, 95% and 90% taken into
consideration for the analysis. For these
conversion rates, cracking temperature in the

are

NHsz reactor is calculated and found out that
800K, 660K and 610K 1is needed for
conversion rates of 99%, 95% and 90%
respectively.

Fig. 3 represents the result of variation of
normalized mass flow rate entering the
combustor of gas turbine for different ASR
and conversion rates. The results indicate
increasing ASR reduces mass flow inside the
combustor due to higher HZ fractions and
greater LHV of the cracked fuel. Lower
conversion consistently requires higher fuel
mass flow compared to near complete
conversion. The 90% conversion rate of
ammonia cracking showed ~77% increase of
mass flow at ASR=1, owing to the diluting

effect of uncracked NHs.

Normalized fuel mass flow rate in combustor

0 01 02 03 04 05 06 0.7 08 09 1
ASR

Fig. 3 Variation of normalized mass flow in
the combustor with ASR at different
conversion rates

The study demonstrated that while pure
ammonia operation results in a low normalized
SM (0.43) compared to hydrogen (0.91),
partially cracked ammonia can significantly
improve compressor surge. Increasing the
ASR consistently enhances SM, with higher
conversion rates further contributing to the
compressor stability as in Fig. 4. It confirms
that optimizing ASR and conversion rates is
essential for enabling stable and efficient gas
turbine operation.

Normalized surge margin

0 ol 0.2 0.3 04 0.s 0.6 0.7 0.8 0.9 1
ASR

Fig. 4 Normalized surge margin variation
with ASR at different conversion rates

The net power output generated by gas
turbines decreases with higher ASR as
reduced mass flow offsets the benefits of
higher LHV as shown in Fig. 5. Partial
conversion rate sustains higher power output
compared to full conversions, since additional
uncracked ammonia contributes to mass flow
expansion despite lowering LHV of fuel
mixture.

1.2

LIS

LOs [

Normalized power output

095

09

o o1 02 03 04 0s 0.6 0.7 0.8 0.9 1
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Fig. 5 Variation of normalized power output
of the integrated system with ASR at different
conversion rates

System efficiency declines gradually with
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increasing ASR across all conversion cases
(Fig. 6). However, the impact of conversion is
modest: at lower ASRs. 90% conversion
exhibits marginally higher efficiency than 99%,
since greater mass flow partly compensates
for lower chemical energy input.

105+ \3

Normalized efficiency(L1TV based)

M a1 02 3 04 05 0s 07 s 5 i
ASR

Fig. 6 Variation of normalized efficiency of
the integrated system with ASR at different
conversion rates

For a system design perspective, the
exhaust temperatures have implications for
another heat recovery in combined cycle
configurations. Exhaust temperature also
decreases with increasing ASR, reflecting
reduced turbine outlet enthalpy as hydrogen
rich mixtures enhance expansion work as in

Fig. 7. Lowest conversion leaves more NHs in

the fuel, raising exhaust temperature by up to
~7% compared to 99% conversion rate at
ASR=1- potentially advantages for bottoming
cycle heat recovery.

900

850

800

750 |

Exhaust temperature in K

700 |

650 L L " L " L L L
0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1
ASR

Fig. 7 Variation of exhaust temperature from
the integrated system with ASR at different
conversion rates

Overall, the analysis highlights that

while higher conversion maximizes hydrogen
utilization and fuel reactivity, while partial
conversion with moderate ASR can balance
the fuel consumption, surge margin, power

output, efficiency, and exhaust heat
availability.
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A Study on the NOx Emission Index of a Micromixer Nozzle
for Hydrogen Gas Turbines under Various Pressures

* #kF

Geonryul Lee”, Keeman Lee”
ABSTRACT

Distributed hydrogen gas turbine have been recognized as a promising solution for
achieving carbon-neutral energy systems. This study experimentally investigates the
effects of pressure on the flame structure and NOx of lean—premixed turbulent hydrogen
flames in micromixer nozzles designed for hydrogen gas turbines. Experiments were
conducted under operating conditions of up to 4 bar and 60 m/s. The influence of
pressure on NOX was investigated using two emission indices, and both emission indices
showed clear trends with respect to pressure.

Key Words : Gas turbine, Micromixer nozzle, Hydrogen, NOx, Emission indices
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Fig. 1. NOx emission a function of adiabatic
flame temperature(up to 4 bar).
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Effect of Fuel Split Ratio on Combustion Characteristics

in a Neat Ammonia-Fueled Gas Turbine Combustor

Inwoo Hwang™ , Sobin Oh*, Hyuckjun Jang”, Nakjung Choi”, Karam Han", Jungkeuk Park”
ABSTRACT

As a carbon-free fuel, ammonia is being studied for a substitute for natural gas

in power generation due to
transportation. This study investigates the
F-class can-type gas turbine combustor
show that combustion characteristics

its economical advantages

including temperature,

in hydrogen storage and
combustion characteristics of a full scale,
fueled with neat ammonia. The results
NOx emissions vary

with equivalent ratio during neat ammonia combustion of various test conditions.

Key Words : Carbon-free fuel, Ammonia, Gas turbine, NOx
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Combustion characteristics of ammonia-hydrogen/air jet flames at

elevated pressures and temperatures in a model combustor
Ju Han Kim", Jae Hyun Kim®, Tac Won Kim", Oh Chae Kwon*"

ABSTRACT

This study investigates the combustion characteristics of ammonia (NHz)-hydrogen
(Hz)/air and NHs;-Hz-nitrogen (Nz)/air non-premixed flames at elevated pressures and
temperatures in a model combustor. As the combustor pressure (P) increases, third-body
reactions become more active and promote chain-terminating reactions, while the thermal
and mass diffusivities decrease, reducing the combustion stability limits. The P increase
also lowers the OH radical concentration, which reduces NOy emissions, compresses the
flame and reduces its thickness, thereby shrinking the reaction zone and increasing
unburned NHs; emissions. In contrast, increasing the inlet temperature of the fuel and
oxidizer (7)) enhances combustion intensity and raises the flame temperature, which
extends the combustion stability limits. The 7i, increase enhances the OH radical
concentration and therefore elevates NOy emissions, while the enhanced combustion
intensity reduces unburned NHs; emissions. Because of the unique characteristics of
non-premixed flames, operating condition where both NOyx and unburned NHs; emissions
are below 100 ppm is not observed within the present test conditions. With selective
catalytic reduction (SCR), the specific operating conditions in this study are expected to
yield the emission levels suitable for practical deployment.
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A Study on Flame Visualization and Frequency Analysis

Using Event Cameras
Kunho Park”, Min Jung Lee*t

ABSTRACT

Conventional cameras struggle with combustion flame analysis due to high dynamic
range (HDR), rapid dynamics, 'blind time', and massive data loads. Event cameras
overcome these limitations with microsecond temporal resolution, high HDR, and low
data redundancy. This study employs a hybrid event and frame-based camera system,
synergistically combining temporal resolution with spatial context. Event—based data
visualized subtle flame flickering and propagation phenomena and quantified flame
dynamics in the frequency domain. Furthermore, the Background Oriented Schlieren
(BOS) technique was applied, using displacement fields to track flow behavior and derive
quantitative temperature fields from the integrated density. This work demonstrates the
event camera as a powerful complementary tool for quantitative combustion analysis and

dynamic characterization.

Key Words :
Flame Stability
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A study on control strategies for flashback suppression in
hydrogen co—firing gas turbine can combustor under transient

operating conditions

Won June Lee", Jeongjae Hwang', Do Won Kang', Kyongwook Min ", Jaehyun Kim', Sun Ho Park ",
Seung Kyu Choi’, Min Kuk Kim'"
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Development of an OpenFOAM-based library for LHHW

reaction kinetics: An application for steam methane reforming
Jae Hun Lee’, Danh Nam Nguyen®, Hae Won Seo”, Hyung Jun Ahn"*, Chun Sang Yoot

ABSTRACT

An open-source framework for modeling catalytic surface reactions based on the
Langmuir-Hinshelwood-Hougen-Watson (LHHW) kinetics has been developed within the
OpenFOAM environment. This framework enables the detailed simulation of steam
methane reforming (SMR) by implementing the classical kinetic mechanism proposed by
Xu and Froment (1989). The model accounts for adsorption, inhibition, and near-
equilibrium surface effects through a rate expression suitable for porous catalytic
domains. The developed solver successfully reproduces the benchmark results of Lao et
al. (2016), accurately capturing hydrogen conversion and wall heat flux characteristics
in a tubular reformer. This study demonstrates the applicability of the developed

framework to multi-region SMR simulations

conjugate heat transfer processes.

integrating reaction, transport, and

Keywords: Steam methane reforming, LHHW kinetics, Xu & Froment, OpenFOAM,

surface chemistry
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Properties Lao et al. | Error (%)
study
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Combustion characteristics of premixed ammonia-hydrogen/air swirl

flames with secondary air injection in a model combustor

+

Tae Won Kim”, Jae Hyun Kim", Ju Han Kim", Oh Chae Kwon™
ABSTRACT

This study investigates the combustion characteristics of ammonia (NHs)-hydrogen
(Ho)/air and NHs-Hz-nitrogen (No)/air swirl premixed flames with secondary air injection
in a model combustor. Given the fixed total fuel-equivalence ratio (¢wt), increasing the
primary fuel-equivalence ratio (¢.) causes the main reaction zone of the primary flame
to move downstream and reduces the flame wrinkling. As ¢,y increases, the secondary
air flow rate also increases, leading to the enhanced OH radical intensity of primary
flame and flame wrinkling in the secondary flame. As the Hz mole fraction in the fuel
(xng) decreases, the reduced combustion intensity elongates the flame and reduces the
quenching region, thereby influencing the deNOyx effect. The spectral characteristics
observed in the secondary flame exhibit features more similar to those of the H» flame.
With increasing pressure, the flame wrinkling of the primary flame intensifies, whereas
the wrinkling and OH radical intensity of the secondary flame decrease due to the
reduced secondary air velocity. Also, with increasing pressure, the NHs-to—-Hz conversion
rate decreases, and NOx emissions are reduced due to the HNO route in the secondary
flame and the deNOx effect in the post-flame region. The present results indicate that
NH;3-H; blends can be practically applied in gas turbine systems.
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Experimental Study of Stability Characteristics of Ammonia—
Air Premixed Flame with Varying Combustor Geometry

Byoungwoo Son’, Minjung Lee'T

Key Words : Ammonia, Tangential injection combustor, Flame stability, Swirl number
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Fig. 1 Schematic diagram of tangential

injection combustor
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Fig. 2 Ammonia flame stability regions and lean blowout classification

a) 200 mm quartz tube, b) 25 mm quartz tube
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Experimental Investigation of Lean Blowoff and Emission
Characteristics in an Ammonia/Hydrogen Swirl Burner

Experiments
Hobin Jeon", Hanyoung Kim', Do Yeon Kim', Kyung Chun Kim", Sechul Oh't

ABSTRACT

Ammonia is a promising carbon—neutral fuel due to carbon-free composition. However,
its low flame stability necessitates enhancements, achieved by blending with hydrogen.
This study investigates the flame stability and emission characteristics of non—premixed
ammonia/hydrogen combustion under lean conditions. Results show that increasing
hydrogen fraction lowers the blowoff equivalence ratio, with sharp decline observed
around 16-20%. Additionally, NO and N20 exhibit a trade—off relationship between 20—
30% hydrogen fraction, indicating that flame characteristics change significantly at
specific hydrogen fraction.

Key Words : Ammonia/Hydrogen, Swirl Combustor, Non-premixed flame, Lean Blowoff,
Exhaust Emissions
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Table. 1 Experimental conditions
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Burner Type 1,2, 3

Fuel NHs

1st:gnd 1:9 2:8 37 4:6 55 6:4
1% (%) 7.4 14.8 222 296 37.0 444

2M (%) | 66.6

59.2 51.8 444 37.0 29.6

1St

(m/s) 9.0

181 26.9 359 437 51.2

2nd

(m/s) 20.4

184 159 136 11.1 8.6

OFA
(%)

26

Table 1 The oxidizer ratio for each injection
nozzle based on experimental condition

Burner

Type 1 Type 2 Type 3

T s qe
1°" oxidizer

d . .
2" oxidizer

NH3

0.79 0.68 0.79
0.70 1.05 1.05
0.68
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A study on shear layer formation and flame stabilization
characteristics based on bluff body offset for enhanced fuel—
flexibility

Jonghyun Kim", Minhyeok Kim®, Seungmin Kim"",

Jungsoo Park""t

ABSTRACT

Ammonia is gaining attention as a carbon—free fuel, but its slow flame propagation speed
poses challenges for flame stabilization. This study investigates shear layer formation and
flame stabilization characteristics based on bluff body offset for fuel-flexible combustion
systems. Unlike conventional approaches that rely on swirler design modifications with
high pressure losses, this research proposes controlling swirl intensity through mixing
length adjustment of central bluff body offset. Numerical and experimental analyses were
conducted using CHs/NHs co-firing from single-nozzle to multi-nozzle configurations.
Results showed distinct flame structures: lifted flame (base), M-shaped flames (negative
offset), and V-shaped flames (positive offset). This study demonstrates that bluff body
offset effectively controls shear layer characteristics and flame anchoring mechanisms,
providing practical design guidelines for fuel-flexible combustors.

Key Words :
combustion, Swirl intensity.
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Analysis of the Effects of Wall Thermal Conditions on Flashback

Behavior in Hydrogen-Enriched Swirl Flames
Minjun Choi®, Minha Baek”, Je Ir Ryu™, Dong-Hyuk Shin™
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Study on the Combustion and Emission Characteristics Affected by
Hydrogen-Methane Co-firing Flame Interactions in a High-Pressure
Multi-EV Burners

Sanghyeon Lee”, Jaebin Lee®, Jeongseok Oh*, Dowon Kang™, Minkuk Kim™, Minsung Choi*'

This study investigated the flame interaction and combustion characteristics in a
three-EV-burner sector under hydrogen—methane co-firing conditions  using
computational fluid dynamics (CFD) simulations. The simulations evaluated the flow
field, reaction zones, and preheat zones using a RANS approach with the GRI 3.0
mechanism. Operating conditions included a pressure of 25.9 bar, an air temperature of
815.15 K, and a 60% hydrogen mole fraction. The results showed that the flow is
characterized by critical recirculation zone structures. A continuous OH reaction zone
along the shear layers and a thin upstream CHxO distribution were observed, indicating
robust flame anchoring and stable combustion.

Key Words @ Multi-EV burners, Hydrogen co-firing, CFD analysis, Flame interaction
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Fig. 1. Schematics of Multi-EV burners.

Table 1. Operating conditions.

Parameter Unit Value

Air temperature K 815.15
Fuel temperature 291.71
Air mass flow rate kols 7.27
Pressure bar 259
Ho/CH4 mass flow rate Unit Value

Hx—60% ko/s  0.016 /0.086
Total thermal input MW 18.8
Equivalence ratio 05
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Table 1 Experimental conditions of Reduction
tests

Case 1 2 3

Reduction Gas CO(Reference)

Concentration

(Reduction gas 5
%vol.)

Temperature (TC)

600 | 700 | 800

Particle size (mm) 0.3-05
U/Umi 3
Total Flow rate
(LPM @ STP) 11.42 10.71 10.11
Case 4 5 6
Reduction Gas H>
Concentration
(Reduction gas 5

%vol.)
Temperature (TC)
Particle size (mm)

600 | 700 | 800
03-05

U/Umi 3

Total Flow rate

(LPM @ STP) 1190

11.16 8.58
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Table 1 Major reactions and heat effects in the
POX - CH4 pyrolysis - CO2 conversion process

Table 2 Process Modeling Assumptions and Par
ameters

. . Heat
Stage | Mode Major reaction
g J effect
1
1 =
POX TR g
2 | CH,+20,—~C0, +2H,0
1
CH: ct—Cat e
Pyrolysis 2
1 M+ CO— MO+ CO e
CO, MO+ Mg+ CO-2 MO+ C
conversion 9 MIO+ CH— Mg+ CO+ 21| £
AT AB5EE ANTR W] AN 27 2
721 W Aol A e #UL sk
Aol Aasith ol W ¥ A

2t o 2
& 2 (n oo
>

= A&
]')\}\v——tq Mode 29 Mg Zﬂ*ﬂ UﬂEF g2 A
d dgolHE 7dtez AAsT
T4 AlEYold AnE vEoR Mg FYHES
Aolgro 2 POX - MMBCRI1 - MMBCR2 ®H-8-
FAAY dAH 2= WIE AP olE nie
o2 HEqs qhgo] Alawle] mAE FES
Hrkela, 2 wgrle 2AdWEtE Slstd
T AN E Agstd be @%k% 23
o} o]l B4 s|uloz Aotsl A V)
W A Erh TAHE F54 dAoz AAgsn
2} sk
2 A7y 2He A9 AEFL T4 584
A A £ Nx AszE &FEE F YT
S ALK E 53 2y GdEE 23
TY Ala®l RAYS nEste] B4l g
=

Process Parameter Value
. Operating
All Units objective 100kg/day
Partial Oxidant type O,
Oxidation | Feed temperature 400C
Reactor CHx(fuel 'feed) 100%
conversion
hl\//[[(e)lt;eln CH,(thermal
Reactor cracking) 100%
(MMBCR 1) conversion
CO, €O / €O 100%
. conversion
Conversion CH
Reactor (Mg re e;eration) %6 %
(MMBCR 2) 2ene (experimental)
conversion
20 236l
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Energy Sector, Paris: IEA, 2021.
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Wei, O. E. Herrera, W. Mérida, “A review of
methane pyrolysis technologies for hydrogen
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Reviews, 181, 2023, 113323.

[3] N. Rahimi, D. Kang, J. Gelinas, A. Menon,
M. J. Gordon, H. Metiu, E. W. McFarland,
“Solid Carbon Production and Recovery from
High Temperature Methane Pyrolysis in
Bubble Columns Containing Molten Metals and
Molten Salts”, Carbon, 151, 2019, pp. 181 - 191
[4] N. Kantarci, F. Borak, K.O. Ulgen, “Bubble
column reactors”, Process DBiochemistry, 40,
2005, pp. 2263 - 2283.
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Analysis of the Effect of Hole Structure Changes on Combustion

Characteristics in an Open Radial-type Bumer

Junoh Kong”, Jaebin Lee™, Minjun Kim", Leejun Kim", Kyungmin Choi™

Yeseul Park™*"

ABSTRACT

st

, Minseong Choi™" ,

The effect of hole structure variations on the combustion characteristics of an open
radial burner was numerically investigated using ANSYS Fluent 2024 RZ2 with a
methane - air two-step reaction model. As the hole number decreased, the maximum
temperature increased by 6.1%, and CO emissions decreased by up to 20% compared to
the base case. Heat release rates showed nonlinear fluctuations within +1%, indicating
that jet interactions and mixing structures strongly influence flame behavior.

Key Words @ Hole structure, Open radiant burner, Maximum temperature, Heat release

rate, CO emission
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Table 1 Simulation cases

Model Hole Number Hole Width

Base Case 10 Original
Case 1 10 Original
Case 2 8 Original
Case 3 6 Original
Case 4 10 -0.1lmm
Case 5 8 -0.1lmm
Case 6 6 -0.1lmm
2400

) ® Original

= M -0.lmm

% 2350

S 2300

g

E 2250

=
2200 . . .

10 8 6
Hole Number

(a)
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Fig. 1 Variation of combustion characteristics with
hole number and hole width: (@) Maximum
Temperature, (b) Heat Release Rate
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Fig. 1 Schematic configuration of a typical
industrial boiler system
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Table 1 Main operating conditions of the

target industrial boiler

Component Unit Value
Excess air ratio % 20
Heat input
(based on LHV) MWe, 04
CH,4
flow rate kg/hr 29
Fuel
Inlet oC 95
Temperature
Furnace o
outlet C 240
Feedwater
preheater °C 152
Flue gas outlet
Feedwater
preheater m/s 3.32
Velocity
Flow rate kg/hr 500
Pressure bar 11
Wat, Feedwater o
61 o Temperature C 20
steam T Preheat °C 47.3
emperature
%team outlet oC 1832
emperature
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[1] Greenhouse Gas Inventory and Research
Center (GIR), National Inventory Report for
the Republic of Korea (1990-2022), Ministry
of Environment, 2025.

[2] International Energy Agency, Ammonia
technology  roadmap: Towards  more
sustainable nitrogen fertilizer production, 2021.

[3] Hydrogen Europe, Clean Hydrogen Monitor
2024, Hydrogen Europe, Brussels, 2024,

[4] Ministry of Economy, Trade and Industry
(METYI), Japan Hydrogen Strategy, 2023.

[5] Ministry of Trade, Industry and Energy
(MOTIE), Hydrogen Economy Roadmap of
Korea, 2019.



H|702] KOSCO CONFERENCE

ZEZ(2025H 5 FHSHEINE])

DC A71% A7} 8k9 &

QA AN A7) Ao R A4

Ad Az

9o e 494 24

Ral

oAk W2, Hui Yan gt

Experimental Analysis on Fire Smoke Control and
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[1] H. Anh, L. Duong, "An overview of factors
influencing thermal conductivity of building
insulation materials”, J. Build. Eng., Vol. 44,
2021, pp. 102604.

[2] S. Vucinic, K. Hiroshi, S. Nagvi, R. Bedair,

"Carbon monoxide poisoning”, Toxicology
Reports, 2020, pp. 169-173.
[3] National Fire Data System.,

https://www.nfds.go.kr. Accessed 17 Apr 2025

[4] Z. Peng, Z. Yuan, N. Yu, C. Linag, " Effect
of heat release rate and exhaust vent settings
on the occurrence of plug—holing during tunnel
fires with two—point extraction ventilation",
Tunn. Undergr. Space Tech., Vol. 106, 2020, pp.
103617.
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Next generation battery heat shield: LiNO; —based molten—salt

phase change material for thermal runaway prevention
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[1] L. Lu, X. Han, J. Li, J. Hua, M. Ouyang, A
review on the key issues for lithium-ion
battery management in electric vehicles, J
Power Sources 226 (2013) 272-288.
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Burning characteristics of ethanol droplet suspended on NiCr

wire with applied AC electric field
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Acoustic Field Modeling by Deriving Combustor-Exit Acoustic

Boundary Conditions in a Can-Annular Gas Turbine with

Real-Engine Geometry
Dabin Jung®, Hyungju Lee”, Daesik Kim™

ABSTRACT

Combustion instability arises when pressure and heat-release oscillations are in phase,
making acoustic boundary conditions pivotal for mode shape and growth. Industrial gas
turbines employ can-annular combustors with cross—talk. While many studies use
idealized inlet conditions, recent work indicates operating-point- and frequency-dependent
impedance. Here, numerically derived combustor-exit acoustic conditions are applied to
an engine-representative can—annular system, and a 3-D Helmholtz finite-element solver
compares resonance modes under theoretical versus frequency-dependent boundaries.
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Improvement and Validation of a Network Model Considering the
Structural Characteristics of Flames

Juwon Kim", Seungmin Guk”, Minwoo Lee™"
ABSTRACT

Thermoacoustic instability in practical combustion systems arises from the interaction
between acoustic pressure fluctuations and unsteady heat release, potentially leading to
severe performance degradation and structural damage. While low-order thermoacoustic
network modeling offers high computational efficiency for instability prediction, most
conventional models rely on the assumption of acoustically compact flames, which
becomes invalid for long flames comparable to the acoustic wavelength. To address this
limitation, this study proposes an improved multi-zone thermoacoustic network model
that partitions the domain into unburned, flame, and burned zones, enabling the
structural and thermal characteristics of long flames to be captured more accurately. We
validate the model using three-dimensional simulations to extract local flame dynamics.
The results show that the proposed approach reproduces the thermoacoustic response
more effectively than the compact-flame assumption, demonstrating its potential as a
practical tool for predicting and mitigating thermoacoustic instability in realistic
combustion systems.

Key Words : Thermoacoustic Network Model, Combustion Instability, Flame Length
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Time-Domain Thermoacoustic Modeling of Gas Turbines Combustors

Based on Control System Approach
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Kinematic Modeling of Harmonically Oscillating Premixed V-

Flames in Decaying Region
Kanghwan Kim" and Dong-hyuk Shin'?

ABSTRACT

The G-equation provides a computationally efficient approach for predicting flame

dynamics, capturing essential

unsteady
computational expense associated with detailed simulations. However,

incurring the high
its practical

features without

application is often constrained by uncertainties in selecting the appropriate velocity
field, particularly when attempting to represent realistic flow conditions along the flame
surface accurately. To address this limitation, the present study introduces a novel

velocity modeling framework that leverages

instantaneous flame-structure data

obtained from Direct Numerical Simulations (DNS) conducted using the PeleLM code.
The proposed model specifically focuses on the flame wrinkle decay region. When
integrated into the G—equation formulation, the model successfully reproduces flame-
front dynamics across multiple perturbation intensities. The resulting integrated heat-

release—-rate response exhibits strong agreement with DNS results,

accurately

capturing both the amplitude and phase over a broad range of perturbation conditions

within the wrinkle decay regime.
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Effects of Multi—spark Coil Ignition Energy Variation on the
Combustion Characteristics of a Direct Injection Spark Ignition
Engine under Simulated EGR Conditions

Kanghyun Lee", Hoseung Yi~, Youngseok Song™", Sungwook Park"'t

ABSTRACT

This study investigates the effects of ignition energy wvariation on combustion
characteristics under simulated EGR conditions using a multi-spark ignition system. To
improve ignition stability, a continuous discharge ignition(C-mode) coil was applied. The
C-mode multi—spark coil provided higher ignition energy than conventional ignition coil,
improving initial flame formation and propagation. As the ignition energy of the C-mode
multi—-spark coil increased, the maximum in—cylinder pressure peak increased, enhancing

overall combustion performance.

Key Words : Direct injection spark ignition engine, Simulated EGR, Multi—-stage ignition

coil, Indicated specific fuel consumption
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Item Specification
Bore/Stroke(mm) 75.6/89.01
Displacement volume(cc) 399.65
Compression ratio 10.5:1
Connecting rod(mm) 145
Crank offset(mm) 10
Piston offset(mm) 0.6

Fuel Pump

Compressed .”EAV Fuol

-

______

Chamber

Lambda  Gompact RIO
| Sensor

Dry Air
r gl—‘
I
B

Mass Flow Tnjcctor’
Conlroller Air Chamber

i
1l

~AC Molor Engine
Fig. 1 Schematic diagram of the combustion
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corresponding to varying ignition energy levels
of the C-mode multi-spark ignition coil.
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Numerical Study on the Chemical Effects of EGR
On the Turbulent Jet Ignition of Carbon—Free Fuels

In a Constant Volume Combustion Environment

Jeonghyeon Kim', Kangmin Ju", Jungsoo Park™'t
ABSTRACT

Hydrogen and ammonia are key carbon—free fuels for clean combustion. TJI(Turbulent
Jet Ignition) enhances combustion stability, while EGR(Exhaust Gas Recirculation)
chemically suppresses NOx(Nitrogen Oxides) formation by lowering flame temperature.
In a Constant volume combustion environment, a numerical analysis was conducted to
investigate the chemical effects of TJI and EGR. Results reveal that elevated EGR rates
effectively reduce NOx, but extends ignition delay, indicating a fundamental trade-off
between combustion stability and emission reduction.

Key Words : Constant volume combustion environment, Emission reduction, Exhaust gas
recirculation, Ignition delay, Turbulent jet ignition
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Application Feasibility, Performance Enhancement, and Material
Improvement of EGR Valves and Coolers for Alternative-Fuel
Internal Combustion Engines

Young-Kwon Kim™

ABSTRACT

The global move toward carbon neutrality is driving research on alternative—fuel
engines using hydrogen, ammonia, methanol, and e-fuels. EGR is effective for NOx
reduction but faces issues of durability, corrosion, and fouling under these fuels. This
study evaluates EGR valve and cooler applicability and proposes performance and
material improvements. Hydrogen engines require better valve response and thermal
durability for cooled EGR. Ammonia dual-fuel engines need high—-sealing valves to

manage combustion instability

and N:0/NH;

slip. Methanol engines demand

corrosion-resistant materials due to formic acid condensation. Synthetic fuels require
optimized EGR cooling and fouling control. The study introduces high/low-pressure EGR
loops, cooling mode switching, and MPC - Al control. Materials like SUS439/444 stainless
steel, nickel brazing, and CrN/DLC coatings are suggested. The results guide durable
EGR system design for efficient, low-emission alternative-fuel mobility.

Key Words : Alternative fuels, Hydrogen engine, Ammonia dual-fuel, Low Pressure EGR System
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Numerical Investigation of Regression Rate and Combustion
Characteristics of Fuel-Rich Propellant in Ramjet Combustor under
Varying Inlet Conditions
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ABSTRACT

The regression rate of solid fuel is a critical performance parameter in solid-fuel
ramjets, directly influencing thrust, specific impulse, and range. Therefore, accurate
prediction of regression rate 1is essential for the design and optimization of
solid-fuel ramjet propulsion systems. In this study, a coupled numerical framework
combining condensed-phase pyrolysis and gas-phase combustion was developed to
predict the regression rate and combustion characteristics of a fuel-rich propellant for
solid-fuel ramjet applications. The regression rate was computed based on convective
heat transfer from the flame and the Arrhenius-type pyrolysis relationship. Systematic
analysis was conducted to examine the effects of inlet air mass flux and temperature on
fuel regression and combustion performance. The predicted regression rate showed good
agreement with experimental data, validating the proposed model. The results revealed
that the local regression rate peaked near the reattachment point and gradually
decreased downstream. Furthermore, increasing the air mass flux and temperature led to
a higher regression rate. A regression rate correlation was derived, demonstrating that
both air temperature and mass flux significantly influence the fuel regression rate.

Key Words : Solid Fuel Ramjet, Computational Fluid Dynamics, Regression Rate,
Combustion Characteristics, Slab Combustor
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A Pre—exponential factor [nys] k . Thermal conductivity [W/m - K]
: Nozzle throat area [nf] ks Effective thermal conductivity [W/m « K]
C* opsim - Actual characteristic velocity [mys] My, - Alr mass flow rate [kg/s]
C* teraticar: Theoretical characteristic velocity [nys] m - Fuel mass flow rate [ke/s]
D : Port height [m] b : Static pressure [Pal
E  : Total energy per unit mass [J/ke] r : Regression rate [nys]
E, : Activation energy [J/mol] »* - Normalized mean regression rate
H  : Step height [m] t : Time [sec]
J;  Diffusive mass flux of species j [ke/n? - s] v : Velocity [mvs]
P, : Chamber pressure [Pa] v, : Y=velocity of gas near the fuel surface [mys]
R, Universal gas constant [J/mol - K] z : X direction
St Fnergy source term [W/nt] vy Y direction
S, ¢ Mixture fraction source term [kg/nt - s] Ay Cell thickness adjacent to the fuel surface [m]
S, : Mass source term [ke/nd » s] 7 . Combustion efficiency [%4]
Spom - Mormentum source term [Nt #; Turbulent viscosity [Pa * s]
S, _mom © Y direction momentumn source term [N/nf] o Density [ke/m]
7  : Temperature [K] 0, : Gas density near the fuel surface [keg/m]
7, : Surface temperature [K] es Demsity of propellant [ke/m]
f Mixture fraction T : Viscous stress tensor [Pal
h,  : Specific enthalpy of the gas [J/kg] T, - Effective viscous stress tensor [Pal
h;  : Specific enthalpy of species j [J/kgl ¢ . AP volure fraction in the propellant
1. M 2 SEE B3 aA GeA 7] did 2 952 v
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Fig. 1. Schematic of numerical modeling for crossflow combustion of solid fuel.
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Table 1. Properties of HTPB/AP.

Property Value
Density [kg/m’] 1050
Specific heat
1735
[J/(kg - K)]
Thermal conductivity
[W/m - K] 0243
B AT E AR 353 ARHE W
s AAZAcRE 2ZdE 19T o= dE %
Hs 8 2oz HdAS, AHT Ao A~
Fo AeFomd VAT DAV, =,
=N R 2ds B9 dugo $EHETH V)
A dhg Evo® dgde 224 &8 AN
sty s ZHdAe FEHEL oy 2 (8)F
2ol opuLl 2 ARE) 4L Fa) AH)
o714, Ax  HAASF A (pre-exponential

factor), E,= &3} oA (activation energy)
oM, Ry ZIAVST, Tom FHA #W X0

O FAA BEAA ALY sdekA, dEdst o
25 ALsto] 2 (9), 1007 Zo] FHAY &
g QA e AAF QIAE EEs T

Eyrppjap = (1—=¢)Eyrpp +¢Esp 9

IOg(AHTPE/AP) = (17¢)10g(AHTPE) +¢10g(AAP) (10)

o|W, Ewrppap, Eures, Ear$t Anrre/apr, Anres,
Aap= 47 HTPB/AP, HTPB, APS] &4 3%} of
WAt AASG Qlxtolth, HTPBeF AP 2t}
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dE3F 4E Table 201 WeEFASITH

SEHES 7oz ALtd A vy U &
&, oA, EFEE g 471 A2 &S

21 (1Dl A= stk
S, = o7/ Ay S, mom = pjz)g/Ag/
S = px?(hg + %z)ﬁ)/Ay S, =pa/ Ay (1D

A7IA, v &
71 A1 =l mAdE ®23 Abole] H# R

Table 2. Arrhenius constants for the HTPB/AP
used in this study.

A [em/s]
1.70x10*

E/R, [K]
7,885

HTPB/AP
(present work)

£2 B4 ol 4 (1923 dojzn,

0V, = o (12)
oW, o, dEE VA AHETY WER A
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2 ArEch
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St A 271,
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Table 3o ¥ <dFolA] a3+ 34
ABste] Jeidnt. 7 4+ 24RE
22)2 239 €9 WAE A4 A
A AAsAew, 4 AFE AU
T

o)

o
£2 A A dix AFzE ASH F59 e
H s stk
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T8 239 £3F AAE ALV E o]l
FTHHYT T A2 A 27N FY F

Table 3. Summary of simulation setup.

Model Type
Simulation RANS, 2-D, Steady
Solver Pressure based (coupled)

Non-premixed
combustion model

k-w SST

Combustion model

Turbulence model

Air inlet Mass flow inlet
Boundary Fuel Coupled wall+source term
condition | surface (C4Hg+AP monomers)
Qutlet | Pressure outlet (1 bar)
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Table 4. Summary of normalized inlet conditions.

Test |GIT1|GIT2|G1T3|G2T1 |G2T3|G3T1|G3T2|G3T3

Gar 105610521050 0.73 1 0.71 | 1.00 | 0.96
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ABSTRACT

The widespread use of polymeric materials as solid fuels is primarily due to their
outstanding mechanical and thermophysical properties. In this study, the thermophysical
properties of two representative polymeric materials, hydroxyl-terminated
polybutadiene (HTPB) and poly(methyl methacrylate) (PMMA), are investigated using
molecular dynamics (MD) simulations. Models of HTPB and PMMA were constructed to
predict their density, coefficient of thermal expansion, glass transition temperature, and
thermal conductivity. The predicted properties show excellent agreement with
experimental measurements and earlier reported MD results. This agreement confirms
that the developed models precisely capture the behavior of their respective materials,
providing a reliable foundation for following simulations on pyrolysis and combustion.

Key Words: Polymeric Solid Fuels, Thermophysical Properties, Molecular Dynamics

Simulation

Due to their versatility, ease of manufacture,
and low cost, polymeric materials have become
indispensable across a wide range of industries
[1], from packaging and civil constructions to
automotive parts and high-precision medical
devices [2]. Furthermore, polymeric materials
contribute to applications in aerospace systems,
including adhesives, coatings, and composites
[3], as well as functional solid fuels such as
binders. Typically, about 10—-15% of composite
propellant formulations encompass polymeric
materials employed as binders [4], playing a
vital role because of their favorable mechanical
properties and thermophysical behavior [5].
Among the different binders, HTPB surpasses
other candidates due to its physicomechanical
properties and high energy density [6]. From
another perspective, PMMA, although not
typically included in operational formulations

#* Department of Aerospace System Engineering,
Sejong University

#% Department of Aerospace Engineering, Korea
Advanced Institute of Science and Technology

%% Department of Mechanical Engineering, Loyola
Marymount University

T Corresponding Author, hyungsub.sim@Ekaist.ac.kr
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like HTPB, serves as a surrogate for polymeric
solid fuels in experiments owing to its optical
transparency and recognized degradation [7].
Remarkably, it has been used as a model fuel
for hybrid rocket motors and solid ramjets [8].
Thus, research interest on HTPB and PMMA is
highlighted, specifically their thermophysical
behavior such as glass transition temperature
and thermal conductivity.

For instance, Zhu et al. measured viscoelastic
and thermophysical properties of three HTPB
samples synthesized by different methods [9],
while Dossi et al. correlated the glass transition
temperature of HTPB to its formulation using
experiments and MD [10]. Veals et al. used MD
to evaluate thermophysical properties of HTPB,
such as density and heat of vaporization [11].
Supporting experimental works by Caruthers
and Cohen [12] and Vasilev et al. [13]
evaluated thermal expansion and conductivity
of polybutadienes, respectively. Goods and
Watson [14], Assael et al. [15], and Rudtsch
and Hammerschmidt [16] characterized PMMA
thermal expansion, conductivity, and specific
heat. Shen et al. related PMMA glass transition
temperature to its tacticity experimentally and
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by MD [17]. Kim et al. also performed MD to
compute density, glass transition temperature,
and modulus of PMMA, among others [18].

In this study, we conduct MD simulations to
predict the following critical thermophysical
properties of HTPB and PMMA: density (o),
coefficient of thermal expansion (C7F), glass
transition temperature (7g), and thermal
conductivity (%&). Particularly, we pursue three
objectives: (1) construct representative models
for both materials, (2) compute their properties,
and (3) compare against experimental and other
MD literature values — establishing a validated
baseline and sample-preparation workflow for
planned subsequent pyrolysis simulations. This
study extends our ongoing efforts to model and
simulate organic fuels with MD [19,20,21].

The current work performs MD simulations
using the Amsterdam Modeling Suite (AMS)
software [22,23]. In the beginning, the polymer
models are constructed from their respective
monomers in a random configuration. The
HTPB model was created based on a commonly
used formulation [5], consisting of 20% cis—
1,4-butadiene, 20% vinyl-1,2-butadiene, and
60% trans—1,4-butadiene with a total of five
repeating units. In contrast, the PMMA model
was created from ten methyl methacrylate units.

Next, 20 chains were packed in periodic cells
at a low initial density of ~0.1 g/cms, followed
by a variable—cell geometry optimization that
allows lattice vectors to vary until a reasonable
density is attained. Then, the models were
annealed in the canonical ensemble (NVT) to
obtain uniform structures. The annealing
schedule consisted of initial equilibration at
300K for 100ps, heating up to 600K at a rate of
0.5K/ps, cooling back to 300K at 2.0K/ps, and
a final equilibration for 100ps. Fig. 1 shows a
visualization for both annealed cells.

Fig. 1 Annealed cells of HTPB (left) and PMMA
(right). Colors: sky-blue: HTPB carbon, pink:
HTPB oxygen, dark grey: PMMA carbon, red:
PMMA oxygen, and white: hydrogen.

For computing C7FE and 7y, MD simulations
were conducted at fixed number of molecules,
pressure, and temperature (NPT) according to
the methods defined by Vashisth et al. [24],
but with adjusted simulation parameters. The
following equation is used to calculate CTE:

_ifav
CTE = ] 1
where V,: volume of the first sampling point
and 3—?’ slope of volume vs. temperature.

7Tg is defined as the temperature at which a
polymer shifts from a rubbery to a glassy state.
The value can be estimated from a density—
temperature plot as the intersection of the
linear fits to the two distinct regions [24].

k was calculated using a modified version of
the approach proposed by Moscarello et al. [25]
under the NVT ensemble with the formula:

L [dE
b= g7 L]
25a7 Lat

where L: conduction length, S: conduction
area, AT: temperature difference between heat

)

. d .
source and heat sink, and d—f: energy gradient

towards the heat sink.

Simulation parameters were modified either
to extend the simulation times for achieving
more stabilized values, or accounting for the
intrinsic differences between polymers. For all
simulations, the Universal Force Field [26] was
used with Berendsen thermostat [27] in a time
step of 0.25fs, but with Nose-Hoover chains
thermostat [28] in 1fs steps for 4. Berendsen
barostat at 1atm was used for C7E and 7 To
confirm reliability, 5 independent samples of
randomly—constructed polymers were tested in
parallel, reported as 95% confidence interval.

Table 1 compares predicted thermophysical
properties of HTPB and PMMA from MD
simulations and corresponding experimental
and MD reference data. For HTPB, the average
density of the five samples deviates by 0.2%
from experiments and 0.3% from MD reference.
For PMMA, the deviation is only 0.3% from both
experimental and MD values. This excellent
agreement, despite the use of a different
density optimization method than earlier MD
studies, validates the present workflow based
on the variable—cell geometry optimization.



H|702] KOSCO CONFERENCE

E2T(20251 = FAHSHEH3])

Table 1 Computed thermophysical properties of HTPB and PMMA compared to references.

Material HTPB PMMA
Source This work Ref. Exp. | Ref. MD This work Ref. Exp. | Ref. MD
o (g/cm®) 0.918+0.027 | 0.920[6] | 0.915[29] | 1.166+£0.017 | 1.170[30] | 1.170[31]
CTE (x107'K™ | 7.15£1.10 7.00[32] | 7.10[32] 2.15x1.44 2.22[14] 2.13[31]
Te (K) 179+19 178[33] 183[10] 36746 378[301] 407[18]
k (W/m-K) 0.176£0.016 | 0.182[34] | 0.199[13] | 0.249+0.032 | 0.25[35] | -
For CTE, a similar trend of good agreement

is observed. For HTPB, the differences are 2% Acknowledgments

relative to experimental data and 0.7% relative
to MD reference. For PMMA, the corresponding
differences are 3% and 0.9%, respectively. Yet,
the associated uncertainty percentages are
relatively larger than those for density,
indicating the need for longer equilibration and
sampling periods to further reduce statistical
fluctuations.

For 7g, the deviations for HTPB are 0.6% and
2% relative to experimental and MD values,
respectively. PMMA exhibits differences of 3%
and 10% relative to experimental and MD data,
respectively. The relatively larger deviation for
PMMA from MD reference is attributed to the
natural variability of 7 with molecular tacticity
[17]. Likewise, the high uncertainties in 7g
calculations arises from the dispersion of
values among the five independent simulation
samples.

In terms of &, HTPB shows a difference of 3%
relative to experiments but 12% relative to the
MD reference, which is reasonable since the
reference employed polybutadiene rather than
HTPB [13]. PMMA shows excellent agreement
with experiments, with a difference of only
0.4%. Unfortunately, no published MD data for
PMMA’s thermal conductivity could be found
for direct comparison.

With these agreements, it can be concluded
that the constructed MD models are indeed
representative of their corresponding materials,
enabling their incorporation into subsequent
pyrolysis and combustion simulations with
increased confidence in sample preparation.
The validated models developed in this work
are currently being applied to investigate their
pyrolysis behavior, which is fundamentally
critical in the aerospace field.
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Fig. 1 Comparison of particle-size distributions,

normalized by each dataset's average
diameter, between the experimental reference

data [7] and the present simulation.
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Design of a Rijke Tube for the Optimization and Performance

Validation of a Helmholtz Resonator

Jaehoon Lee”, Jingeon Kim®, Minwoo Lee™"
ABSTRACT

Thermoacoustic instability in practical combustion systems poses significant challenges
to achieving stable and efficient operation, underscoring the need for effective passive
control strategies such as the Helmholtz resonator (HR). To support the systematic
validation of HR optimization methods, this study presents the design and fabrication of
a modular Rijke tube test platform. The tube, 1000 mm in length with a 94 mm square
cross—section, is equipped with resonator mounting points at 100 mm intervals, allowing
flexible configuration and repeatable testing of various HR geometries. Preliminary
simulations using OSCILOS identified a dominant instability at 304 Hz, establishing the
baseline for resonator placement and tuning. The system is designed to accommodate
parametric variations in neck length, cavity volume, and axial position to enable
optimization using a genetic algorithm (GA). GA-based optimization increased the
frequency spacing between split modes from 26.30 Hz to 4298 Hz and reduced the
growth rate from -40.34 rad/s to -44.44 rad/s, corresponding to a 21.9-335%
improvement in damping performance. This reconfigurable experimental platform provides
a robust basis for validating advanced HR optimization strategies and assessing their
effectiveness in suppressing thermoacoustic instabilities in future practical combustor
applications.

Key Words Rijke tube, Helmholtz resonator, Thermoacoustic instability, Genetic
Algorithm
g AxTI9 FFAEE oA EAs = &4
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x g 7] A g ek Fig. 1 (@) Schematic diagram of the Rike tube,

T AdFAA, mwlee@hanbat.ackr
TEL : (042)821-1158 FAX : (042)-821-1587

(b) Geometrical configuration of the Rijke tube,
and (c) Burner assembly used in the system.
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Fig. 2 Variation of frequency (left) and growth
rate (right) with flame position.

Table 2 Simulation condition

Category Parameter Value
Pressure (Pa) 101325

Inlet Temperature (K) 203

OSCILOS Inlet velocity (m/s) 05

Combustion efficiency 1

Population size 50

Crossover fraction (%) 80

Elite count 2

GA Mutation rate (%) 3
Neck length (mm) 20-50
Area of Neck (mm® | 100-500
HR position (mm) 200-400

Table 1 Geometric parameters and experimental
conditions of the Rijke tube

Parameter Value Unit
Rijke tube length 1000 mm
Rijke tube width 94 mm
Flame location 250 mm
Number of Nozzle Holes 3 -
Nozzle hole Diameter 4 mm
Nozzle Hole Spacing §) mm
Nozzle exit velocity 16 /s
Equivalence ratio 0.80-1 -
Total mass flow rate 3.62 SLPM
Air mass flow rate 0.28-0.34 | SLPM
Fuel mass flow rate 3.27-3.33 | SLPM

U AEH9 HRE F& §¢ Uiy Anw 3
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Fig. 3 Growth rate variation for baseline and
GA-optimized resonator configurations (Case 1:
before optimization, Case 2: after optimization).

Table 3 Geometry of Helmholtz resonators before
(Case 1) and after (Case 2) the optimization.

Parameter Case 1 Case 2
Neck length (mm) 30.0 21.0
Area of neck (mm?) 314.0 245.0
Position (mm) 400.0 268.1
Volume og cavity 995,800
(mm®)
Ao gAlel Asela AA FHe EwA g
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A8,
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Experimental Study on the Explosion Characteristics of
Carbon-Free NH; /H, /N, Fuel

Mingyu Kim", Keeman. Lee™
ABSTRACT

Experiments were conducted in a cylindrical constant-volume combustion chamber
using a carbon-free ammonia/hydrogen/nitrogen cracked model fuel. Tests were
performed with a cracking ratio of 62% and equivalence ratios ranging from 0.8 to 1.2,
during which £,,, was measured. By analyzing the explosion characteristics of the
ammonia-cracked model fuel, this study is expected to contribute to ensuring the safety
of systems that utilize ammonia/hydrogen mixtures as future fuels.

Key words : Ammonia, Hydrogen, Partial cracking, Explosion index
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Effect of pre—spark injection quantity on combustion stability
and PM emission in GDI optical engine under catalyst heating
mode

Cheonil Jeong*, Geonwoo Ko#*#, Dongwoo Kang*#, Sangjae Park#*+, Yoosang Son##,
Sungwook Park#*T
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Table 1 Engine operating conditions

Control variable Experimental Value

Engine speed [rpm] 1,500
Pressure of intake [bar] 0.85
Temperature of intake[c] 30

Intake valve timing

[degree of bTDC] VO : 329, IVC: 103

Exhaust valve timing

[degree of aTDC] EVO:127,EVC: 343

Injection pressure [bar] 250

Start of injection
(15t ] 27 | 31
[degree of bTDC]

27512101 -5

Case 1(10:10:1) /
Case 2(7.5:7.5:1) /
Case 3(5:5:1)

Injection quantity [%]

Compressed air
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Fig. 1 Schematic diagram of optical engine
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[1] Bogarra, Maria, Herreros, J. M., Hergueta,
C., Tsolakis, A., York, A. P., & Millington, P. J.,
"Influence of three-way catalyst on gaseous
and particulate matter emissions during
gasoline direct injection engine cold-start.”
Johnson Matthey Technology Review 61.4
(2017): 329-341.
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engine." International Journal of Engine
Research 20.4 (2019): 470-479.
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Numerical Study of Combustion Characteristics in an Industrial

Radiant Tube Burmer with Hydrogen Co-Firing and Excess Air

Seongbong Ha", Jinyeol Ahn", Jeongwon Seo”, Dongkyu Lee*, Daun Jeong”, Byungyun Bae™,

Jongseo Kwon™, Gwang G. Lee™

ABSTRACT

The combustion characteristics of CHs-Hz co-firing were numerically investigated in a
radiant tube burner (RTB) under varying Hz volume fractions and excess air ratios.
CFD analysis revealed that the internal temperature of the RTB increases with the Ha
ratio by up to approximately 11% at 100% H.. However, this temperature rise can be
partially mitigated by applying EGR, resulting in an approximate 6% reduction at 20%
EGR. These results indicate that stable combustion, in terms of temperature level (that
is NOx), can be achieved through appropriate adjustment of operating conditions.

Kev Words : Radiant tube burner., Hvdrogen co-firing. Excess air ratio. CFD. EGR
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Experimental Performance Evaluation of a Nickel Catalyst—

based Steam Methane Reforming Reactor
Seong Min Seo”, Byung Chul Choi't
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“Performance Evaluation of Various Ni-Based
Catalysts for the Production of Hydrogen via
Methane

Engineering Proceedings, Volume 59(1), 2023,
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Combustion characteristics of premixed hydrogen—methane
blended fuels simulating by—product gases

Won Seok Jang', Seo Ra Lee", Gwan Woo Lee’, Seungro Lee™*t

ABSTRACT

Various by-product gases are emitted during steelmaking, among which coke oven gas
(CO@G), mainly composed of hydrogen and methane, shows great potential as a clean and
efficient energy source. This study investigates the fundamental combustion characteristics
of hydrogen—methane blended fuels. Laminar burning velocities were measured using a
Schlieren optical system and compared with CHEMKIN-PRO simulations to select the best
kinetic mechanism. Additionally, OH-PLIF and CH'chemiluminescence imaging were
conducted to analyze flame structures.

Key Words : Hydrogen addition, Laminar burning velocity, Flame-structure
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Development of a GUI-Based Tool for Predicting Thermoacoustic
Damping Characteristics of Acoustic Liners and Helmholtz

Resonators
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Assessment of chemical kinetic models in hydrogen direct—
injection engine simulation to enhance efficiency and reduce
emissions

Quangkhai Pham’, Nguyen Ngoc Dung’, Seung Hyun Yoon™, Suhan Park

Abstract
Hydrogen combustion engines offer a
promising path toward reducing emissions
while maintaining performance standards.
However, they face fundamental challenges
concerning abnormal combustion owing to
higher flame propagation speed, back-ignition
and engine knock. In this study, a concept
termed chemical kinetic models by Ansys Forte
is applied to simultaneously improve thermal
efficiency and reduce the unburned NHs, NOx,
and N20O emissions of a hydrogen direct
injection combustion engine. First, the engine
performance and unburned emissions were
evaluated at lean condition (A = 2.5), engine
s%)eeds (1200 rpm) and injection timing (=35 to
0

CA at TDC) conditions with a chemical kinetic
model through validation against experimental
data. Building upon this validated model,
further assessments were conducted to
improve thermal efficiency and reduce
unburned emissions across varying injection
timing (-35%to -15°CA at TDC), engine speeds

(1000, 2000, 5000 rpm) and lean hydrogen—fuel

e

ratios A = 1.5 and 3). The results show that the
development of a chemical reaction mechanism
with A = 1.5 at engine speeds = 2000 rpm and
injection timing (-25° CA at TDC) effectively
enhances engine thermal efficiency by 15.8%.
In addition, the unburned NHs and N20O gas
emissions dropped to 73.8% and 90.8%,
respectively, compared to the previous
operation of the intake port injection type
hydrogen fueled engine. However, this mode
raised concerns the NOx emissions. It can be
concluded that these harmful emissions can be
effectively reduced by optimizing hydrogen
lean levels and injection timing. Further, it can
be suggested that further studies are needed on
the split of the injection process for combustion
characteristics of hydrogen fuel with the aim of
improving engine performance and reducing
emissions.
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Fig. 1 Schematic diagram of counterflow
burner and flow systems.
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Fig. 2 Schematic diagram of counterflow
burner and flow systems.

Table 1 Engine and numerical operation
specifications.

Parameters Values

Engine operation specifications.

Engine speed (rpm) 1200

Operating condition A= 2.5 for spark
timing at —15 CAD
aTDC

Fuel injection timing -360 CAD aTDC
Fuel mass (mg/cycle) | 19.5

Numerical operation specifications.

Engine speed (rpm) 1000, 2000 and 5000
Operating condition A=15,25and 3.5
Fuel injection timing -35, =30, -25, -20,

-15
Fuel mass (A = 1.5, 21.25-19.56-14.25
25 and 35) (mg/cycle)
EX

This study was financially supported by the
Basic Science Research Program (RS-2023-
00208502) funded by the National Research
Foundation of Korea (NRF), and the Automotive
Industrial Technology Development
Program(RS-2024-00508322), funded by the
Ministry of Trade, Industry & Energy (MOTIE,
Korea).



X[70%| KOSCO CONFERENCE =E%(2025 3 FAH3HEC1E)

A 249 SGlN A 24 sl e AT A7
A7

Ao} my s

A

A

Investigation of Nitrogen Oxides Reduction Characteristics in
Methane Swirl Flames under Varying Oxidizer Compositions

Silvia Kim", Hyungrok Dot

ABSTRACT

A membrane—based nitrogen dilution strategy was developed to reduce thermal NOx in
premixed methane—air swirl flames. The approach passively enriches nitrogen through
polymeric hollow fibers, enabling stable oxidizer control. Experiments varying oxidizer
nitrogen content showed significant NOx reduction. This simple and practical method
offers an effective retrofit solution for combustion systems and demonstrates the
potential of coupling membrane separation with flame chemistry for emission control.

Key Words : Membrane Filter, Nitrogen Dilution, Thermal NOx, Swirl Flame
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Table 1. Experimental conditions

Condition A B C

Nz ratio in oxidizer 1 i =
Oz ratio in oxidizer I ! =
Oxidizer flow rate 1 = i
CHs flow rate = = =
Equivalence ratio(®) = 1 )
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Fig. 2 NOx emissions under experimental
conditions with increasing nitrogen flow rate.
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Fig. 3 NOx emissions under experimental
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Fig. 4 NOx emissions under experimental
conditions with constant oxidizer flow rate.
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Fig. 5 CH#* chemiluminescence images (a) and
corresponding Abel inversion results (b) under
the reference air condition and nitrogen—
enriched oxidizer conditions (c, d).
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Numerical Analysis of Ignition Delay Characteristics during

Combustion of Ammonia Fuel
Gyubo Kim*T, Ryanggyoon Kim', Ho Lim", Yeongdo Park”, Junhee Kim"

ABSTRACT

This study investigates the ignition delay characteristics of ammonia (NH; ), hydrogen
(H, ), methane (CH, ), and two NHs —based blended fuels. Numerical analyses of
ignition delay time (IDT) were conducted using CANTERA, varying initial temperatures

and equivalence ratios. Pure NHj;

significantly reduced delay and minimum ignition energy. CH,

exhibited long delays, whereas H:

blending
blending improved flame

stability. The results provide practical guidelines for optimizing NHs -based fuel blends

to achieve stable, efficient combustion.

Key Words : Ammonia, Ignition Delay Time, Fuel Blending, Preheating Air, CANTERA
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Table 1 Characteristics of selected fuels

LUV S_L | Y
Types | vijke | femys] | AT ECH g
NH3 18.6 7 651 15-28
H2 120 200 585 4-75
CH4 50 33 537 5-15
NHs:He 38.88 44.6 637.8 25.2
(0.8:0.2)
NHs:CHa |5 oo 13.2 628.8 12.4
(0.8:0.2)
Table 2 Characteristics of selected fuels
. 3 B AL510]
Types | 93} Hd=| <oFAHA T‘?;@ a
NH3 ey ey o =S
H2 o= el = I B =
CH4 s ey ey
NHs:Hz o = 1}o
a3 =3 =
(0.8:0.2) e ~E
NHs:CHa wo wo wo
(0.8:0.2) e e =T

Table 13} 20|l= 2 dA5oA meid A5
ArEARS wastdrh AnkHo= NH3o 2$
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ol Ao AaAr)Y] A% FEIL Wad
o, el gy R RAsel JUEE RF
7 FANE HEES 5 F AR PoE 2

23 Hart 9ok
E3] "3}A A4, Ignition Index, SL/AIT)E
AEs H¥ NH3= ¢F 0.01082 3}t =9

o]H e AA oz H2E 0.342 wj$ Ro)s)
I CH4E= ¢F 0.072 ALY HAFHATE
e A

Fig. 1o+ 994 1.04 o NH3T 14aA1Z
A 27 ez E HIAAA

mlo
)
~
>

She] FERIRL O R, Fig, 20]= NH3=0.8, 112=0.2
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Fig. 1 Ignition Delay Time IDT) of Pure
Ammonia at Different Preheating Temperatures.
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Fig. 2 Ignition Delay Time (IDT) of NH3=0.8,
H2=0.2 at Different Preheating Temperatures.
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Fig. 3 Ignition Delay Time (IDT) of NH3=0.8,
CH4=0.2 at Different Preheating Temperatures.
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Effects of swirl parameters on combustion and emission

characteristics of hydrogen-methane inverse diffusion flame

Ri So”, Yuseon Jeon®, Sung-Min Kum™, SeungroLee™

ABSTRACT

An inverse diffusion flame (IDF) supplies fuel and oxidizer in the opposite direction
compared to a diffusion flame. It is wvaluable as an industrial burner due to its
advantages of high flame stability and low soot formation. An inverse diffusion flame
with a swirler improves the mixing of oxidizer and fuel, generating the recirculation
zones. This study reports on the combustion characteristics and emission performance of
a Swirl-IDF. The swirling flow enhanced the mixing effect and decreased CO emissions.

Key Words
characteristics, Mixing effect
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Study on the Characteristics of Methane-Ammonia
Co-firing Staged Combustion

Teo Chof, Moonsoo Cho, Hyunwook Jegal, Semi Kim
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Computational Analysis of Ignition Delay Time and Laminar
Flame Speed in Hydrogen—Ammonia co—fueled combustion as
varying Ratios

Nayeon Kim", Joongyoon Son’,Ilpum Jang", Jeongwoo Lee”, Kyungwook Min "t
ABSTRACT

This study numerically analyzed the ignition delay time and laminar flame speed of
hydrogen—ammonia mixtures using detailed chemical kinetic modeling. Calculations were
performed at 20 bar and ¢=1.0 for different hydrogen—ammonia blending ratios.

Key Words : Ammonia, Hydrogen, Ignition delay time, Laminar flame speed
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Table 1 Fuel and Air Flow rates of the CPFD
model for the 1/8-scale target CFB boiler sytem

Co-firing Ratio Coal 100% NH; 20%
Coal [kg/s] 9.52 7.61

Ammonia [kg/s] - 1.48
PA [kg/s] 36.94 31.04
LSA [kg/s] 12.14 11.30
USA [kg/s] 12.26 11.19

Table 2 Chemical Reactions applied in Modeling
(4]

Devolatilization

VM(s) — 0.108509 Tar + 0.260359 CO +
0.120881 CO. + 0.090877 CH4 + 0.154827 H, +
1.35759 H,O + 0.009356 HoS + 0.071394 NH;

Tar cracking
Tar — 7.75283 C(S) + 0.180008 CO +
2.857328 CH,4

Char gasification

C(s) + H:O < CO + Hy
2C0 < C(s) + CO;
C(s) + 2Hy < CHy

Char oxidation
2C + O, — 2CO

Tar oxidation
Tar + 13.5574 O, — 10.7901 CO; + 5.71463
H.0O

Water gas shift
CO + HO < CO; + Hp

CO combustion
CO + 05 O, — CO

H2 combustion
Hy + 0.5 Oy — HO

CH4 combustion
CHy + 20, — COy + 2H20

Moisture release
H:0(s) — H:0

Table 2e1& A& ¥-3 Ao 8 Hk-g2
B} FaNE LA elE 23
2 (Devolatilization), Tar &3 2 43}, Char 7}
23 @ g g The d CO/H2/CH4 A,
T HE %% aEEg T 4 ks Al &
= 445 C3M(Carbonaceous Chemistry for Co
mputational Modeling) AZEHE  °]-8351
ARt ¥H 2Hg 27|20L FEA%A
7= Agett. AEH A e Evaporator(E
VA), Superheaterd(SH4), Cyclone(SH1), Intrex
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Q7Y A FS
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[3] R Stanly, G Shoev, "Detailed analysis
of recent drag models using multiple
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with Geldart-B and Geldart-D particles”,
Chemical Engineering Science, Vol 188,
2018, pp. 132-149.
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393, 2021, pp. 786-795.
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Numerical Study on Supercritical Heat Transfer Characteristics of
JP-8 in Rectangular Regenerative Cooling Channels with Different
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Table 1 Chemical composition of surrogate

name mole fraction
species 1 n-tetradecane 0.344
species 2| pentamethylheptane 0.244
species 3 decalin 0.197
species 4] 1,24-trimethylbenzene 0.213
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Table 2 Properties of surrogate

properties | JP-8[9] surrogate % error
MW 161.0 162.3 1
CN 50.1 50.1 0
LHV 43.3 43.3 0
TSI 23.0 22.9 04
H/C 1.93 1.96 15

Table 3 Cases based on heating-wall position

case name heating position
Case 1 bottom wall
Case 2 top wall
Case 3 left wall

0.0020 -
0.0018 |
0.0016 -
0.0014 [
00012 | =
0.0010 | <
0.0008 [ %
0.0006 [
0.0004 |-
0.0002 -
0.0000 |-
-0.0002 -

Viscosity (kg/ns)

0 L L L L L L
300 400 500 600 700 800 900 1000

Fig. 1 Properties of surrogate at P=3MPa
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Feasibility study on prediction of combustion characteristics
through multiple regression analysis in machine learning

models based on experimental data reported in literature
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Fig. 2 Scatter diagram of experimental and

predicted results for NOx (a)Gradient
Boosting, (b)Random Forest, (c)AdaBoost,
(d) Tree
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Table 3 Classification Accuracy of Each
Prediction Model

Model CA[%]
Gradient Boosting 96.17
Random Forest 95.63
AdaBoost 95.63
Tree 92.35
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Forest, Z2¥]3 AdaBoost7} 95% ©]49 &2
AE=E w7 37 B BF e di

== ES
54 A%e 8 A dy mee 9

1=

Frketoitk. 1 A3 Gradient

Random Forest, 7183 AdaBoost E¥o] &

St ol kg Al oS AeS Hol7] "Ed

EA A5 gty dddd. 1 F

dolg FrltelA =2 exb7F AT O,

tlolele] EyFHd o3 HoZ:
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Boosting,

n

e re o

2

P9 g N e o
i,
o

A 2 d7E 8 o #HY 9F
rdo g yeAe Fegigoen FF B
Sl Bgo A Alg vk dAa Ay
olE S F4ste] dh EA o= mde] A%
M AgAdel gt F7s AT o)}
- 7]

B odFEs 20259 AR (HFEUEFREANY)
9 ALer FFAFAT-SFNA HEHg I
s7le/dAd e AQSs ol £ A

9. (No. 2022M3J5A1051728).

I ATE 20269 % AE (A= AT
o Adow F7tRsr|edT3 Fod +FA
T2+ (No. CAP22024—-000) 9] A 9S who} 4=
FEAHFU T

(2]
“Machine learning for combustion.” Energy

and Al vol. 7. Elsevier BV, p. 100128, Jan—
2022.
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Research on Development of an Oxy-fuel Burmer Utilizing

Low-Calorific Value Fuels
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“Energy Research Center, Research Institute of Industrial Science and Technology (RIST)
“Hydrogen and Low-Carbon Research Institute, POSCO N.EX.T Hub
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ABSTRACT

This study aims to establish design parameters for an oxy-fuel burner to efficiently
combust LDG, a low-calorific fuel from steelmaking processes. Using a 100,000 kcal/h
experimental burner, combustion characteristics were analyzed with design parameters
including Re, J and S/D number. The results indicated that the momentum flux of the
oxygen jet significantly impacts combustion. Variations in the S/D number affected the
flow of fuel and external air. CO emissions increased when the Sp/Da number exceeded
1.5 due to insufficient fuel entrainment. To reduce NO emissions, minimizing external air
entrainment by adjusting the number of oxygen nozzles and maximizing the S/D number
was effective. This research provides essential design parameters for stable and efficient
combustion of low-calorific fuels like LDG.

Key Words : Byproduct gas combustion, Oxy-fuel burner, Low-calorific fuels

Zl s d4d

Re @ Reynolds number
J  Momentum flux

S/D 1 S/D ratio
R : Recess length

S © Nozzle center-to—center distance v : Velocity
D : Average nozzle diameter 2 ¢ Density
1. M2 2 7tzdE W B8 F AR 9 NS A
Gate] d3 AquAE ANt 53] dAAE
Bt b RS Bl A
1 5 © 5 9 3]
*Corresponding Author, tykim_rist@rist.rekr G _X I A9 s 9% dsm Agsha
Atk A FAANA wAsE Fo BANAE

© 2014 The Korean Society of Combustion
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Fig. 1 Combustion test facilities (a) and
schematic diagram of the direct heating
test furnace (b).
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Table 1 Burner design conditions at heat input 100,000 kcal/h

Bumer  Reyp Jr (kg/m-s?) Reo Jo (kg/m's’) R/Dy Se/Da So/Do
Al 1.33 6.22
A2 50,679 874 24.843 7,622 1.12 1.45 6.79
A3 1.58 7.35
Bl 1.18
B2 56,761 1,375 62,108 18,608 1.12 1.36 -
B3 1.55
Table 2= Adol AHE3 59 =4S
FiL vk A FAgA FAsE LDGE 2A
&7 918t M, CO, No2 FAH" Ed7tas
AEE AMEEYa, dEe HdHge ALdF
st s T 715 ©F 1,800 keal/h olvh A% x£71& Table 3

Fig. 2 Diagram of a free

Fuel
il

A@;‘

""""""""""" Dy

(a)

M)

Fig. 3 Schematic diagram of the burner
structure for burner group A (a) and
burner group B (b).
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Table 2 Fuel composition

Fuel composition (Vol.%)

H,

CO

N
Total

1.2
572
41.6
100.0

Table 3 Test conditions

Load (%) Heat input (kcal/h)
20 20,000
40 40,000
60 60,000
80 80,000
100 100,000
3. AdZdm

3.1 = JHAM

Figd: A 7% ¥lY shde] A5 2 OH
Agg olu|AE BAFT ok A F WUl
79 Sp/Da=1.33-158, So/Do=6.22-7.350]t}.
dgol F%l Wb gale wole Aa =
7} ZAhs, erdHel ¥3 sede] AT
g 100% ZANA Abre] mulH
7

bal] Amsl 9

¥ 2717}
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e AE wgow

Fe) 27}



X[70%| KOSCO CONFERENCE =E%(2025 3 FAH3HEC1E)

Direct images OH" radical

Load (%o)

Fig. 4 Direct and OH™ radical images of burner group A ((a) Se/Da=1.33;
(b) 1.45; (c) 1.58) under various load conditions.

Direct images OH" radical

Load (%)

(©)

Fig. 5 Direct and OH™ radical images of burner group B ((a) Sg/Da=1.18;
(b) 1.36; (¢) 1.55) under various load conditions.
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Fig.1 Heater, IR gas analyser set up
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Table 1 HHV and Elemental analysis

Raw . -
Types Diesel Syntetic Dlé?)l;ed 10% -
of fuel CcO2 CcO2
Fuel
fuel
HHV(

MJ/kg) 435 39.8 449 43.6
C(%) 85.7 83.5 84.0 85.5
H(%) 145 13.0 135 144
N(%) 0.00 0.50 2.28 0.23
0(%) 0.00 3.03 0.23 0.02
S(%) 0.00 0.00 0.00 0.00

0/C 0.00 0.06 0.00 0.00
H/C 2.02 1.87 1.91 2.01
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[1] Shuang Wang, David Aaron Rodriguez
Alejandro, Hana Kim, Jae-Young Kim, Yu-Ri
Lee, Walid Nabgan, Byung Wook Hwang,
Doyeon Lee, Hyungseok Nam, Ho-Jung Ryu,
“Experimental investigation of plastic waste
pyrolysis fuel and diesel blends combustion
and its flue gas emission analysis in a 5 kW
heater”, Energy., Vol. 247, 2022, pp. 3-10
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Study on the Exhaust Emission Characteristics of an
Ammonia/Methane Co-firing Gas Turbine Combustor

Sobin Oh™, Inwoo Hwang®, Hyuckjun Jang”, Nakjung Choi*, Karam Han", Jungkeuk Park®
ABSTRACT

Ammonia has emerged as a promising carbon-free fuel for power generation, offering
compatibility with existing LNG infrastructure and potential for carbon-neutral operation.
This study investigates the exhaust emission characteristics of a gas turbine combustor
under ammonia/methane co-firing and pure ammonia(ammonia 100%) combustion using a
full-scale test rig with continuous gas analysis. Results show that while pure ammonia
combustion is essential for carbon-free power generation, partial methane co-firing can
enhance combustion stability and efficiency.

Key Words : Gas turbine, Ammonia, Methane, Co-firing, Combustion characteristics
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AF ARFFNLAZ QBN F4 8 FED el d F dee 2 A7E T F
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S Afe A, T DA oF 62%F
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Amole] BAZ % AT i 4RHS Figure 1 Schematic diagram of test rig
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Table 1 Summary of test conditions

SR Fas due a0 wa gryoele Parameter Value
7IZ da 540l " dye @ds ofFoiA Tar (°C) 350
A 2a ek ole] B dFe e drol/s T 200
g g4 g gEy ol dA 7oA dAT]e] W) wr
Z1ME 5SS B43te], Ryl 79 A& 5 Equivalence Ratio (%) 0.6, 0.7, 0.9, 1.06
A 71zA8E SEstaA st Fuel Split Ratio (%) 20, 100
= o] o 1 >
;La”§7f_§l_gU§€%”T§t°]Rig_g?iié%i ;”7 Ammonia Mixing Ratio (%) 0, 70, 90, 100
gtmijo} FF % Aol TIT 2 o =4, 7}~ 7 25
715 3 NO, NO, 0, 59 7p2= #4S o T
Fqstgth. e Table 1% el Fuel Split  [1] vpAle] 9] 491 “@dg 7l~gHl AE da7
Ratiool W& ¢Ruol-vgt &4 54 2 9% (Wso1Dula d2ie} 34 A% %7}, Evaluation

* I AEIA AEdTY
T A& A A sobin_oh@kepco.co.kr
TEL : (042)865-7651

of NH3 co-firing performance of gas turbine can
type combustor for power generation, KOSCO
SYMPOSIUM =3, Vol. 64, 2022, pp. 1727174
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Structural and component characterization of BKNO3 ignition pellet

combustion products
Myunggeun Ahn®, Seung-gyo Jang”™

E =52 BKNO;s;Boron-Potassium Nitrate)

o
AsiAe] AxAA o] dld) SEM-EDS(FAHA
o,

Ae ) ASE T 25 42y AR 24

e,
2AREH AEHE C-SICE 8§ FH(LT
nE, TE 5 Qe 25 9, 25 AgE

ol ofsf F-2 B ool Heke] FAE 74
of EAFTH b AIAR 2y FEEI 3
= BKNO; 2 (MIL-P-46994B)¥ ol& A &A]
71 Z3719 A4 AdEe] ds] SEM-EDS(S
canning Electron Microscopy with Energy Disp
ersive X-ray Spectroscopy) AlZste] dza] A
2o $ee BAG oo ma B oA

BENO:¢| 148 4d= W &2 =%

= =1
2 E4sed gk
BKNOs;= LA 271 A 3
o7 HgHo] Aol gov $5
Wet: WeE 4y 1ik 43 Hso] &7
=
E

stk BKNOsol =4 o

Table 1 Characteristics of BKNO;
Boron 23.7%

KNO3 70.7%.

Laminac 5.6%

0.92 @100 psia, No
350-480°C

1,550 cal/g

2,743 K

1.10 cal/em® @15 psia, Na
3.214 ]

Composition

Burning rate
Auto-Ignition Temp.
Heat of Reaction
Flame Temperature
Ignition Sensitivity
Electrical Sensitivity

BRKNOs= 473 A¥Ad SFdo=z der, 4
gl 5 v dHE A Jbests B dgelA
= I-D &= (12.7+6.35 mm) FEfe] ALY 270 &
AREsEAT TI-D #2le] g FA= °F 1 g&
2 F 2 gl AFete A2 ES F5 5 SE
M-EDSE A&starth

x  FERTATL A47edT Y
+ AgA AL, jsgdb30@add.rekr

A2AYEE AFH oz AZs/] AT SEM-
EDSS AAE thgst 2. AR g of
gto] RS AAstgom BKNO; A YR
e WAREY Bdols] dEe] Pt mYS 0E 5

ekl

Fig. 1 BKNOz combustion products measured by
SEM-EDS.
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0; 9 F 3% 4A50l
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Visualization of DDT and Detonation Waves inside the Pre-Detonator

Yuchang Gil", Sungwoo Park

st

Fig. 1 Chemiluminescence and schlieren visualization of flame acceleration, DDT, and
detonation propagcation in the pre-detonator.
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on Ao 3tge] FA& Z9(local explosion)S
AA dEU g2 Holx e TAS FAL &
don Hold = HEI JdHS AT A
BH= Aol #AAAT (o), (@), ()= Z+Z DDT

* AT
Rk
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