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TDLAS-PINN Based Simultaneous Measurements of OH Radical,

H;O Concentration and Temperature in Hy/LNG Flame

Gunho Chung®™, Nakwon Jeong™ ™ Seong—kyun Im"™, Changyeop Lee’, Miyeon Yoo™
ABSTRACT

Traditional Tunable Diode Laser Absorption Spectroscopy (TDLAS) faces limitations in

turbulent flame due to severe flow noise and fluctuating optical path lengths. To
overcome this, we propose a novel approach combining Direct Absorption Spectroscopy
(DAS) with a Physics-Informed Neural Network (PINN). Applied to an unsteady
Ho/LNG turbulent flame, the PINN framework simultaneously extracts accurate
temperature, OH radical and HxO concentrations, and dynamic optical path lengths. ICCD
imaging validates flame macro-structures, demonstrating the model’s robustness in harsh
combustion environments.

Key Words : PINN, TDLAS, OH Radical, H/LNG Flame, Turbulent Flame
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Table 1 Combustion conditions of hydrogen
blended flame

Burner type Pilot burner
Heat load [kW] 407
Equivalence ratio 0.98

Hz blended ratio [%] 0 - 40

Fig. 1 (@
system  for
Ho/LNG/AIr turbulent flame, (b) ICCD images and
OH chemiluminescence intensity distributions as
a function of hydrogen blending ratio

Schematic diagram of the optical
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Quantitative Measurement of OH Radicals in Turbulent
LNG-Hydrogen Co-Firing Flames Using WMS with H,O Interference

Correction

Jiveon Park™, Hyungseck Kim®*, Changkook Ryu*, Changyeop Lee™, Dachae Kim™
ABSTRACT

OH radicals are key

indicators of heat release and combustion characteristics.

However, measurements in the near-infrared region are limited by weak absorption and
H20 interference. This study applied a TDLAS-based method with WMS and DAS to
quantify OH in turbulent LNG - hydrogen co-firing flames. Flame temperature and HO
concentration were determined using DAS to correct HoO interference. The OH mole
fraction was obtained from 2f/1f signals and validated against CFD results.
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Fig. 1 Schematic Diagram of the Experimental
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Table 1 Combustion Experimental Conditions

Heat load (kcal/h) 3,500
Equivalence ratio (®) | 0.8 - 098
Hz Blended ratio (%) |0 - 40

Path length (cm) 40.13 - 49.42
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Fig. 2 TDLAS-Based Analysis Procedure for OH
Radical Concentration.
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Chen, Z. Huang, "Flame Front Identification
and Its Effect on Turbulent Premixed Flames
Topology at High Pressure”, Exp. Therm.
Fluid Sci., Vol. 107, 2019, pp. 107-117.
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"Experimental and Numerical Study of OH
Chemiluminescence in Hydrogen Diffusion
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for Simultaneous Measurements of OH, Hs O,
and Temperature in Combustion Environments
Using a Single Tunable Diode Laser Near
1.477 um”, Appl. Phys. B, Vol. 127, 2021, pp.
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Multiscale Study of Polymeric Solid Fuel Pyrolysis

Abdullah Algassier”, Eunchong Kim', Lin Yun™, Sungwook Leo Hong™", Byeong-Un Jo", Hanseul
Shim', Hyung Sub Sim""

ABSTRACT

Polymeric solid fuels are widely used in propulsion systems, where pyrolysis governs
combustion performance. This study proposes a multiscale framework integrating
reactive molecular dynamics (RMD), one-dimensional opposed-flow diffusion flame
(1D-OPPDIF) models, and experiments to investigate PMMA pyrolysis and
combustion. RMD identifies ester side—group scission as the dominant pathway and
provides kinetics and product distributions. Incorporating these into the OPPDIF
model improves agreement with experiments compared to an MMA-based model,
enabling consistent scale-bridging and robust predictive modeling of polymeric fuel
combustion.

Key Words: Polymeric solid fuel, Pyrolysis, Opposed-flow combustion, Reactive
molecular dynamics, Multiscale modeling
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A Study on the Methane-Oxygen Mechanism Reduction under
Supercritical Conditions with Directed Relation Graph Method

Wooseok Jeong', Hakyung Moon", Hong Jip Kim't
ABSTRACT

To reduce the computing time for numerical analysis, the study was conducted on the
methane—-oxygen reaction mechanism reduction. Reducing was performed based on the
detailed mechanism developed at DLR in Germany by using the directed relation graph

(DRG) method, which quantifies the

relationships

between chemical species

participating in the reactions and adjusts the number of species according to a

threshold value.

Considering supercritical

conditions up to 650 atm, various

characteristics such as ignition delay time (IDT) and laminar flame speed (LFS) and the
computing time were analyzed by using Chemkin program. Through comparison with
detailed mechanism results, an appropriate threshold value was set.

Key Words : Methane-Oxygen, Supercritical, Directed relation graph (DRG), Numerical

analysis
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Fig. 1 Dependence of the species number of

the skeletal mechanism on the threshold value.
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A Validated 1D Analytical Framework for Optimizing Passive
Acoustic Dampers in Combustion Systems

Burinthorn Suksupaet”, Daesik Kim™
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Optimization of Urea—-Based SNCR Operation in Reheating

Furnaces under Low—-Load Conditions
Youngll Kim*T, JinGyu Kwon, and DeokHong Kang

ABSTRACT

This study optimized an SNCR system to reduce NOx emissions from a hot strip mill
reheating furnace. By changing the injection location and improving the piping layout, the
researchers enhanced reagent reactivity and system responsiveness. PLC—based control
was also introduced so the system could automatically adapt to changes in burner
operation. As a result, NOx emissions were reduced by about 70%, while fuel
consumption was significantly lowered. The improved stability under low-load and

soaking conditions also suggests strong potential for plant-wide application.

Key Words : Reheating Furnace, SNCR, Urea, PLC

In response to strengthened environmental
regulations affecting NOx emissions from
industrial combustion systems, the present
research aims at developing design and
operational optimization technologies for a
urea—based Selective Non—Catalytic Reduction
(SNCR) system applied to reheating furnaces in
hot strip mill operations. Existing SNCR
systems exhibit limitations during low—-load and
soaking—duty conditions due to narrow
effective temperature windows (950-1050 °C)
and delayed reagent transport, resulting in
ammonia slip, increased fuel consumption, and
inhibited burner shutdown within preheating
ZOnes.

oN
Iok

Increasing NOx Reduction Efficiency (%)

Low-Limit

649 760 B71 899 938954 ggp | 1026 10711093

Temperature |'C

Fig. 1 NOx reduction efficiency as function of
Temperature

To address these challenges, optimal injection

locations near the furnace heating zones were

* LA RStATY AU A A TAH

T ds8A- A, yikim0127@rist.re kr

TEL : (054)279-4481

selected based on measured flue gas
temperatures under varying operating
conditions, ensuring adequate reaction
temperature while maintaining refractory
integrity. Corresponding structural

modifications included drilling and sealing of
furnace wall ports and rerouting urea-water
(UW) piping to reduce transport delay by up to
15 minutes. In addition, a PLC-based automatic
nozzle switching algorithm was developed to
ensure injection responsiveness  during
transient burner-off states. Experimental trials
confirmed NOx reduction efficiencies of
approximately 70% at injection rates of 20-25
L/h and demonstrated stable control of peak
NOx excursions under soaking—duty conditions.
Operational improvements enabled selective
shutdown of upper preheating burners,
resulting in energy savings of 2,310 Nm3/h per
furnace,

: 2o |
zzlf_;-»-,-» e {

Fig. 2 Fuel saving at heat-retention mode
leading to annual savings of approximately
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KRW 600million when extrapolated to plant-
wide application. Qualitative effects include
improved furnace stability under low-flow

operation and reduced CO2 emissions.

e
[ [N

]
Fig. 3 HMI for SNCR system
The developed methodology is scalable to
other reheating furnaces. These results
confirm that strategic modification of SNCR
system configuration, coupled with dynamic
control logic, can substantially reduce energy
consumption, NOx emissions, and operational
costs in industrial high—temperature furnaces.
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Study on NO, Formation Mechanisms in Zero-Carbon Ammonia

Staged Combustion for Gas Turbine
Teo Chof, Hoseong Park, Bong Gun Shin
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Fuel Induced by Nanocatalyst and Additive Blending
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Experimental Measurement of Heat Sink in Hydrocarbon Aviation
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JP-10  and two types of nano-fuels
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Fig. 2 Comparison of heat sink and conversion
rates of JP-10 and two types of
nano—fuels(graphene & zeolite) as a function of
fluid temperature.

2 dFdAE AL freas APEAE
ol-gsle] AP Hss %E‘r%—t‘ 27l 54
g R ded3es 574 } ‘%}‘ﬁ% AL
213y 04? A vluste] £4 7IHS AFst
A9tk %3, graphene ® Zeohte7} 2gH UxeF
dd 59 “Cﬂ&*@ Zdsto] 71 A5 vuy
S ul, Z}7} 141%, 169%9] F71&S Hole A
< slolalgi}. o] 3 7§J+L S25% 1A
9 TEARNGAA L] W AT o A+

3__1,]_ o=z Fg= 7—]0; 7]1;1131‘4.

o
N

© asarAn Serguias
olste] 3

_ o=
2o 2@

[1] J. Kim, D.H. Hyeon, S.H. Park, B.H. Chun,

BH. Jeong, J]S. Han, S.H. Kin, “Catalytic
endothermic reactions of
exo-tetrahydrodicyclopentadiene with zeolites

and Improvement of heat of reactions”, Catal
Today, Vol. 232, 2014, pp. 63-68.

[2] W. Zhou, Z. Jia, ]J. Qin, W. Bao, B. Yu,
“Experimental study on effect of pressure on
heat sink of n-decane”, Chem Eng J, Vol. 243,
2014, pp. 127-136.



X[712] KOSCO CONFERENCE =E%!(2026x EA[st=CH3])

ZAqEAE A4 doFEHa 2d At AF

A olm s

1

Validation of an Improved Thermoacoustic Network Model Using
Large Eddy Simulation

Juwon Kim®, Minwoo Lee™
ABSTRACT

This study assesses an improved thermoacoustic network model that accounts for flame

spatial structure in ammonia-air premixed combustors. Flame transfer functions were
extracted from large—eddy simulations using PeleLMeX and applied to both conventional
and improved low-order models. The predictions were compared with three-dimensional
thermoacoustic simulations performed in COMSOL Multiphysics. The improved model
showed better agreement in eigenfrequencies and growth rates, demonstrating that
incorporating flame structural characteristics can enhance low-order prediction of
thermoacoustic instability,

Key Words : Combustion Instability, Thermoacoustic Network Model
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(b) f

Fig. 1 Schematic comparison of thermoacoustic
network model representations: (a) conventional
model with a single flame region (f), and (b)
improved model with unburned (), flame (), and
bumned (b) regions.
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Pilot Test and Construction of Ammonia Combustion Device of

Circulating Fluidized Bed Boiler for Power Generation
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Fig.1 Block diagram of ammonia combustion
device with Y power plant
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Table 1 Main equipment of ammonia

combustion device for pilot test
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Fig.2 Construction of ammonia combustion
device
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Development of an Emission Reduction Catalyst and Control

Optimization for a Gas Heat Pump Engine
Yunseok Song®, Hyunjun Kim®, Sangkyung Yi*, Tachyung Leeg™*, Jeongho Kang™'

ABSTRACT

A gas heat pump (GHP) using an internal combustion engine emits exhaust gases,
requiring aftertreatment systems to meet regulations. In this study, an LPG engine
was downsized and adapted for GHP operation with a developed ECU and control
map. Engine data were obtained under key conditions to design catalysts. A
closed-loop control using an oxygen sensor optimized air - fuel ratio for catalyst
efficiency. Six catalysts were evaluated, and the optimal one with a refined control

map satisfied emission standards.

Key Words : Gas Heat Pump, Closed-loop Control, Emission Reduction
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Conceptual Design of a Digital Twin Algorithm for Real-Time

Health Assessment of Propulsion Systems

Seongpil ]oo*f, Eunji Yi, Heun-Jong Ha, Jaemin Lee, Byungjun Lee, Jinho Hyon,
Jooyoung Jin, Seokjin Oh, Dohun Kim
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Abstract

This study proposes a conceptual design of a digital twin based algorithm for
real-time health assessment of propulsion systems. The proposed approach integrates
operational sensor data with physics-based analytical models to estimate system states
and detect anomalies during operation. A finite element?based structural model and a
propulsion performance prediction module are incorporated, and real-time data
assimilation techniques are applied to evaluate the structural and operational integrity of
major components. Continuous calibration between measured data and analytical models
improves model fidelity and supports predictive maintenance. The proposed framework is
expected to enhance propulsion system reliability and enable rapid diagnosis and
decision-making during operation.

Key Words : Digital Twin, Physics-Based Modeling, Real-time Diagnostics,
Propulsion System Health Monitoring,

-+ %

FHeA T A2 EdTd
A A AL, seongpil@add.rekr
TEL : (054)821-4749



X712 KOSCO CONFERENCE

x|
=23

(20264 ZHStaLl3])

Ast A% 449 o

A&

=
)
213} .

14

-

B2 Be 2 HA7s 24
%* %‘H’E‘*’**f

Optimization Analysis of Methane-Oxygen Reaction Models

Using Evolutionary Strategies

Jihwan Seong”, Seongjun Kim", Chae Hoon Schn

st

ABSTRACT

This study modifies the Arrhenius parameters (A, b, Ea) of two methane-oxygen
reaction models (11 step and 46 step) to match the experimental data (ignition delay

time and species concentration).

Three algorithms (Adam, Genetic Algorithm,

and

CMA-ES) were employed for modifications. Genetic Algorithm achieved the highest
accuracy for both mechanisms by effectively escaping local minima, thereby ensuring

efficient combustion simulations.
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Fig. 1 lgnition delay time of methane/oxygen
mixtures from experiments and simulations at ¢ =
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Visualization of Flame Dynamics in a Rijke Tube as a Function of

Equivalence Ratio
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Fig. 1 Visualization of flame behavior as a function of equivalence ratio
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