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LOAD-Z Project Team

RTX Technology Research Center (RTRC) - Project lead (prime).
- Experiments in high-pressure staged combustion & swirl-stabilized
combustion of NHs.
- Modeling, design, & testing of low-NOXx gas turbine combustor for NH.

University of Connecticut (UConn) - Fundamental NH; combustion experiments:
 counterflow (strained) laminar flames
* turbulent flame speed & structure
- Development of chemical kinetic models/mechanisms.
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» Project Objectives & Partnership

= Counterflow Flame Studies — Reaction Rates for NH; Combustion
« Experiments at 1 — 6 atm pressure (UConn)
= Kinetic modeling in 1-D flames w/ radiation (RTRC)

« Burner Studies — NOx Emissions
= Flat-flame burner experiments (30 atm pressure staged reactor rig)
« Chemical Reactor Network (CRN) modeling of GT combustor

» Next Steps — Year-2 plans
= UConn experiments incl. new rig
« RTRC high-pressure experiments & modeling

© 2023 RTX. All Rights Reserved.
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LOAD-Z Project — Objectives & Partnership

Low-NOx, Operable Ammonia Combustor Development for Zero-Carbon Power

« End Goal: Demonstrate performance of gas-turbine-capable NH,-fuel combustor, at single-nozzle scale.
» Go Get: Obtain fundamental & engineering NH,-flame data at gas-turbine-relevant conditions = Pi,et » Tinjet -

A
RTRC UConn
veart |
Ly - Modeling:
: B N B
\(eaf‘3 - fﬂingle-nozzl_e hig;-pre;ssure comlgtéstor,fl;?r(_ad w/NI—tI3t1;l_J|_et>I _ CFD for design e, T @
— Measure emiss. erformance: X, efficiency, stabili BTN | B/ T A ~
P . /y Y | = Kinetic Improve. & B L
\\\ 5 w/ exp. data & - 2
\\ \ \ ’/ /// = .~ .
year-2 S\L S — CFD & validation
5 — Turb. models for 1 :
— NH, comb. & NOXx \ — Turbulent S, rig, for

NH; @ P, T > ambient

— 1-atm swirl-stab. burner ' (nO post-process.) _ i
(~20% turb. intensity)

— Piloting studies w/ H,

~ CRN modeling

— Flat-flame high-P burner r C_oun_terflow : — Counterflow flame rig, compatible w/NH; fuel
L Kinetic mechanisms

(>>1-atm) for NOx evaluation — Measure strained flames w/ inlet P, T > ambient
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= Counterflow Flame Studies — Reaction Rates for NH; Combustion
« Experiments at 1 — 6 atm pressure (UConn)

|

|

|

UConn funda_memal Collaborative NH; combustion modeling RTRC. engine-r.elevant .
flame experiments combustor & single-nozzle rigs
) r & AV~ Raytheon

Technologies
Research Center

|

|
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) A
il
P v . Swir-stal bilized burner
validated CFD of staged NH; combustor\_l
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Current Gaps for Understanding Ammonia Combustion

. Counterflow NH./Air Premixed Flames
Combustion Challenges 2

- Low overall reaction rate

— Relatively low flame speed & extinction strain rates
- Flame stabilization & efficiency in highly turbulent flow (GT comb.)
- Quantifying NOx formation & emissions

Decreasing Strain Rate
‘ (Laminar Flame Speed Measurement)

Increasing Strain Rate
(Extinction Limit Measurement)

What is needed for improving ammonia models?
« Data at elevated pressure and temperatures relevant to gas turbines
 Extinction strain rate measurements for both premixed and non-premixed counterflow flames

v Local velocity field measurements needed to determine local strain rate

v Quantitative speciation (temperature) profiles (e.g., NO) at elevated pressures and temperatures
« Other data sets (shock tube, etc.) to better constrain reaction rate constant definitions

What are highly sensitive reactions with large specific rate constant uncertainty?

© 2023 RTX. All Rights Reserved.



UCONN Counterflow Strained Flame Rig with Diagnostics

Collection optics ,.

+ Connectedto QE-Pro
spectrometer
* Precise vertical movement

=
R
N,

ICCD camera

* PI-MAX3

« Stationary

* Change bandpass filters

PIV, PLIF, Rayleigh for different tasks

Thermometry eet
ser5

12 R e

Only showing bottom half of

the counterflow facility

o™

Capability of Counterflow Flame Rig
« Ammonia compatible

« 8+ atm

200 °C (now) - 500 °C (later)

 Premixed, non-premixed, and
partially-premixed combustion

To exhaust
To gas analyzer

Bypass Back pressure

regulator
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Premixed NH,

Increasing Strain Rate (Extinction Limit Measurement)

Counterflow Flames

Premixed NH; =Air Flames, ¢=1

Decreasing Nozzle Exit Velocity
Decreasing Strain Rate (Laminar Flame Speed Measurement)

Increasing Nozzle Exit Velocity

Ammonia/Air, ¢=1
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Flame strain (stretch) rate is represented by the velocity gradient ahead of the flame and is proportional to nozzle
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Premixed Counterflow NH/Air Flames: Effect of
Pressure and Equivalence Ratio

NH./Air : - -
g UCONN Counterflow Extinction Experiments
NHa/Air * Initial reactant temperature T, = 294 — 298 K
Effect of Equivalence Ratio on Extinction Strain Rate Effect of Pressure on NH;-Air Flame Extinction (¢ = 1)
__ 400 X Colson et al. 2016
E 350 | 3 @ n <00 # UCONN Data
£ 300 | & ¢ ME 450 |
& 950 | 5 atm ¢ ; 400 P}
£ i ® $ 5 350 F -
£ 200 & 2atm @ « 300 F —
Pl ¢ £ 250 } R
g 190 g ‘ § g 200 F ’! """" Kext = 115 po=s8
T 100 | t o i) o . ] 2 150 | &
£ 5o | ® 1 atm © . S 100 | &
= Y 50
L D .E 0 1 1 1
0.5 0.7 0.9 1.1 1.3 X 0 2 4 6 8
Equivalence Ratio (¢) Pressure (atm)
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= Counterflow Flame Studies — Reaction Rates for NH; Combustion

Kinetic modeling in 1-D flames w/ radiation (RTRC)

|
|
UConn funda_memal Collaborative NH; combustion modeling RTRC. engine-r.elevant .
flame experiments combustor & single-nozzle rigs
) r & AV~ Raytheon
Technologies
. Research Center
|
|
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Chemical Kinetic Mechanisms

Selected published, comprehensive N/H chemical mechanisms

Open-source computational framework developed by Dave Goodwin at Caltech h Cantera

- Glarborg et al. Mechanism (2018 and 2022 versions)

[Glarborg, Miller, Ruscic, Klippenstein: Modeling nitrogen chemistry in combustion, Prog. Energy Combust. Sci. (2018) 31-68]
[Glarborg: The NH4/NO,/O, system: Constraining key steps in ammonia ignition and N,O formation, Combust. Flame, Vol. 257 (2023)]

- Stagni et al. Mechanism
[Stagni, Cavallotti, Arunthanayothin, Song, Herbinet, Battin-Leclerc, Faravelli: React. Chem. Eng. 5 (2020) 696—711]

- Powell et al. Mechanism- (Referred to as “RTRC”)
[Powell, Papas, Dreyer: Hydrogen- and C;-C; Hydrocarbon-Nitrous Oxide Kinetics in Freely, Propagating and Burner Stabilized

Flames, Shock Tubes, and Flow Reactors, Combust. Sci. Tech. 182 (2010) 252-283]
[Powell, Papas, Dreyer: Flame Structure measurements of NO in Premixed Hydrogen-Nitrous Oxide Flames, Proc. Combust. Inst.

33 (2011) 1053-1062]
+ Two “RTRC” mechanisms differ by only 3 different rate expressions for amine radical reactions:
(1) NH, + NO < N, + H,0

(2) NH, + NO < NNH + OH
(3) NH3 + NHZ <—>N2H3 + Hz

© 2023 RTX. All Rights Reserved.
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N/H Chemical Kinetic Mechanisms

Comparison of selected published N/H chemical mechanisms with laminar flame speed data

E 13 | O Hayakawa (2015)

= O Takizawa (2008)

= 11 m Pfahl (2000)

2 ® Ronney (1988)

s 9 x Zakavnov (1978)

2 7 —— Glarborg (2018)- Adiabatic
E —— Glarborg (2022)- Adiabatic
o 5 —— Powell (2010)- Adiabatic

= —— Powell (2011)- Adiabatic
£ 3 — Stagni (2020)- Adiabatic
E 1 ----Stagni (2020)- Nonadiabatic

0.6 0.8 1.0 1.2 1.4 1.6 1.8 P. Papas, R. Fang, C.-J. Sung, L. L. Smith, J. F. Stevens An Assessment of Kinetic Models for Ammonia Flame

Equivalence Ratio ¢ Extinction, 13t US National Combustion Meeting, College Station, TX, March 19-22, 2023.
Premixed NH; Flame Speed: Effect of added H, Non-Premixed NH, Extinction Strain Rate

_. 60 ) O Experiments (L=1cm) [Thomas (2022)]

< - ; II:I';:“(I;(L%;]ZO) ——Stagni Mechanism (2020) Air *

g 50 [ - e Hayakawa (2015) — - Glarborg Mechz_mism(2018) hufﬂfm .

.._; - P A Ichikawa (2015) ——Powell Mechanism (2011) NH? > stagnation p

Q 40 O Lee (2010) & 700

2 . ® Takizawa (2008) < 600 T,=301/333K; P=0.1 MPa

2 0 F B Zakaznov (1978) 3

- ----GRI-Mech 3.0 & 500 SAir Mi

g : j — Stagni Mechanism (2020) c NHlgfHz-Alr Mixtures

o 20 f — - -Glarborg Mechanism (2018) ‘® 400

5 : o Powell Mechanism (2010) b

£ 10 F -__-.-'_'.:;-_".': LLL ——Powell Mechanism (2011) g 300

£ B 200

(4] Q

- 0 =

= 100

N 0 10 20 30 40 50 g
Al H, Content (Vol. %) 0 2 4 6 8 10 12 14 16 12
S
nE RTX H, Fraction in NH;/H, Blend (%)
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Chemical Kinetic Mechanisms
Example Data Sets used for “RTRC” N/H Mechanism Validation

Experiment References
A (el SElleles Ammonia Oxidation Pathway Schematic
N,O decomposition Allen et al. (1995)
H,/ N,O/ H,0O/ N, Allen et al. (1998)
Flame speed studies NH3 A N2Hi (i=2,3,4)
H,/ N,O/ N, Powell et al. (2009) 0 HoNO 1+oH,H’f’ +M. H. NH
CH,, C,H,, C;Hg/ N,O/ N,  Powell et al. (2009 O S -

4 Cop, CaHgl Ny 2 ( ) RN +O / ¥ +M,NO, O,
NH,/ NO/ N, Mei et al. (2020)
NH4/ H, Lhuiller (2020); Han (2019); Ichikawa (2015)
NH,/ Air Hayakawa (2015); Takizawa (2008)
Flame structure studies
H,/ N,O/ CO/ Ar Vandooren et al. (1997)
NH,/ N,O/ Ar Venizelos and Sausa (1998; 2002)

Shock tube and
induction time studies

H2/ NZO/ Ar Hidaka et al. (1985), Mével et al. (2009) N Adapted from Miller et al. (1983)
CH,/ N,O/ Ar Drummond (1969); Soloukhin (1971)
N,O/ CH,/ CO/ Ar Dean and Johnson (1980)
Counterflow studies - Radical combinations involving NH; to form N,H, important under fuel-rich conditions
QA4 _ o & not well characterized
et NH4/H, (Air)- Extinction Thomas et al. (2022)
W
& RTX o
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I
Feature Sensitivity to Extinction Strain Rate

NH,/Air Counterflow Flame

T,=301/333K; P=0.1 MPa T,=301/333 K; P=0.1 MPa

H+ 02 ==> O + OH 1 ]
H2 + NO <=> NNH + O I NH2 + NO <=> NNH + O [ ]
N2H2+M-=:=}H+NNH+M'> I 2H2 + M <=> H + NNH + > [ ]
H+ NH2 ==> H + N2H | ] H + NO [#MJ === ANO (+M) - [ ]
H+ NO (¥ O (+M) [ ] H+ NHZ <=>H + - [ ]
N2O (+M) <=2 N2 + O (+M) 4 [ | N2H3 + M <==>H + N2H2 + M > | ]
2 0H <=> H20 + O 4 = Model: 2 NH2 <==> H2 + 7 [ ] Model:
NH + 02 ==> HNO + O - - 4 [ ] .
NH3 + O <=> NH2 + OH - M Glarborg mechanism o e o o " RTRC mechanism
H2 + O <=> H + OH - [ | NH3 + O === NH2 + OH - [ ] (Powell et al., 2011)
N+ NH2 <=> 2 H + N2 4 1 H20 + O ==> 2 OH —1 '
N2H2 + NO === N20 + NH2 - | H2 + O <=> H + OH - [
NH3 + OH <==> H20 + NH2 - | MNH3 + OH <=> H20 + NH2 [ ]
H2 + OH <==> H + H20 | NH2 + 02 <==> HNO + OH | |
MNH <=> H + N2 - | H2 + OH ==> H + H20 - ||
H+ NH <=> H2 + N | H2 + N <=> H + NH - Il
H + NH2 (+M) <= NH3 (+M) - o H + NH3 <=> H2 + NH2 - 0
HZNN <== H2 + N2 [ | HNO + OH <=3 H20 + NO - L
MH + NO <==> H + N20 - || NH2 + OH === H20 + NH [ |
HNO + NH2 ==> NH3 + NO - [ | 2 NH2 <=> NH + NH3 | |
H + N20 <=> N2 + OH - [ | H + N2H2 <=2 H2 + NNH - [ |
H + NH3 <=> H2 + NH2 [ | N2H2 + OH <=> H20 + NNH - |
NH + O <=> H + NO [ | H + 02 (+M) <=> HOZ (+M) - [ |
NH2 + O <=> H + HNO [ | + NH2 === H ] ||
NH2 + OH <=> H20 + NH - [ ] N2H3 + NH2 <=> N2H2 + NH3 > ]
H2 + NH <=> H + NH2 [ | NH2 + NO <=> H20 + N2+ [l
H + N2H2 <=> H2 + NNH A [ ] NH + ===H+nN2o4 HH
H + HNO <=> H2 + NO | ] < NZHZ + NH2 <=> NH3 + NNA=— [l
H + 02 (+M) <=> HOZ2 (+M) A | NHZ + 0O <==H + HNO 4 N
NH2 + NO <=> H20 + NZ > [ H+ HNO <=> H2 + No - [l
0 02 04 06 005 0 01 02 0.3

Normalized sensitivity coefficient Normalized sensitivity coefficient

NH./N,H; Reactions
(2a) NyH, + M & NNH + H + M
(2b) NyH; + M < N,H, + H+ M

Sensitive and
Uncertain rate
constants 1

NH,/NO Interactions
(1a) NH, + NO < N, + H,0
(1b) NH, + NO < NNH + OH

Sensitive rate
constants:

S RTX
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Chemical Kinetic Mechanisms

Comparison of important N,H/NH, interactions between Glarborg, Stagni and RTRC mechanisms

Glarborg (2018)

RTRC

Stagni (2020)

NH,+NH, © N,H,+H,
NH,+NH < N,H,+H
NH,+NH, (+M) <> N,H, (+M)
N,H,+H < N,Hg+H,
N,H,+H < NHz+NH,
N,H,+NH, <> N,H;+NH,
N,Hg+H < N,H,+H,
N,Hy+NH, <> N,H,+NH,
N,Hy+NH < N,H,+NH,
N,H,+M < NNH+H+M
N,H,+H < NNH+H,
N,H,+NH, <> NNH+NH,
N,H,+NH <> NNH+NH,
N,H,+H < N,H,

NH,+NH, — N,H,+H,
NH+NH, < N,H,+H
N,H,+M < NH,*+NH,+M
N,H,+H < N,Ha+H,
N,H,+H < NH,*+NH,
NLH,+NH, < N,H,+NH,
N,Ha+H < N,H,+H,
N,H4+NH, < N,H,+NH,
N,H,*+NH, <> NH+N,H,
N,H,*+M < NNH+H+M
N,H,+H < NNH+H,
N,H,+NH, <> NNH+NH
N,H,*+NH < NNH+NH,
NoHo+M <> NoH,+H+M

NyH,+H — NyH,+H,
NoH3+NH; <> NoH +NH; Common
NyH,+NH, <> NyHg+NH, .

N Ha+H <> NoH,+H, reaction

NoH, < NNH+H steps in all

N,H,+H < NNH+H, hani
NoH. <> NoH,+H mechanisms
N,H,+NH, < NNH+NH,

N,H,+NH < NNH+NH,

NH,+NH, < H,NN+H,
H,NN <> NNH+H
H,NN+H <> NNH+H,
H,NN < N,H,

HNN+H < N,H,+H
H,NN+NH, <> NNH+NH,
N,H, <> H,NN+H,
N,Hy+NH, <> H,NN+NH,

- Comprehensive N kinetics for NOx
- Extended to low-temp. ignition chemistry

N,H4+H < NH,*+NH,
NNH+NH, < N,+NH
NNH+NNH < N,H,+N,
NNH+NH < N,+NH,
NNH+M < Ny+H+M
N,H,+M < N,Hg+H+M
N,H5+M < NH,*+NH+M
N,H,*+M < NH+NH+M
N,H4+H < NH+NH,
NH5+NH, < N,Hg+H,
N,H,+NH < NH,*+N,H,

NNH+NH, <> N,+NH,
N,H, < H,NN

H,NN < NNH+H
H,NN+H < N,H,+H
H,NN+H <> NNH+H,
H,NN+NH, <> NH;+NNH
N,H, < H,NN+H,
N,H4+NH, <> H,NN+NH,

Pros: - Flame-speed predictions match existing data
Cons: - Limited NOx data validation

Cons: - Flame-speed predictions vs. data

NoH,+NoH, <> NoH3+N,H;

i Pros: - Validated N/ O/ H chemistry for NOx, N,O

\ NoH3+NpH;, <> NoH,+NNH - Flame-speed predictions match existing data 15
' RTX N,H,*+N,H, <> NNH+N,H .
n® © 2023 RTX. All Rights Reserved. S 23 TBD: - Counterflow predictions - Newly added UConn data (for all mechs.)



Non-Adiabatic Premixed Ammonia Counterflow Flames

Modified Counterflow Model scripts to account for radiative heat loss

Radiative heat loss per unit volume

qr = —4ox,(T* = T,)

(o = Stefan-Boltzmann constant, «, is the Planck mean absorption coefficient; T,, = ambient unburnt reactant
temperature, k,, = total Planck’s mean absorption coefficient)

Stretch Rate, k (s})

€ 1a0o ¢=0.7,p=1atm

<] — - diabatic

l=- TE{.'I__ "'—-—-——-_ -----------------

T 1700 |

. -

i}

o

€ 1600 |

c ,:

E [

5 1500 |

E | Kext, S !

ﬁ 1400 L 1 L I L

= uT 20 40 60 80 100
Kext R Kext, ad

Manuscript to be submitted to PROCI
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NH./Air F
e e

stagnation plane

NH,/Air

Twin flames

* Opverall burning rate

S~ (Le ! - 1)k

* NH; counterflow
flames exhibit
radiative-induced and
stretch-induced
extinction limits near

lean flammability limit
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Non-Adiabatic Premixed Ammonia Counterflow Flames

Ammonia flames exhibit both stretch- and radiative-induced extinction states near lean flammability limit

O UCONN Data (5atm)
p — 5 at m B Colson et al. (5 atm)
Stagni Mechanism (5 atm)- Adiabatic
= = = = Stagni Mechanism (5 atm)- Non-Adiabatic
= === Stagni Mechansim (5 atm)- Radiative Induced

o
)
3
m 100 ™
o
£
©
- ‘
n '
g 10 F s
i3] *\\ Kext,R
= L
“‘l\.h
ﬁ 1 i + [l [l i [l
0.5 0.7 0.9 1.1 1.3 1.5

Equivalence Ratio (¢)

C-shaped curve for counterflow premixed fuel-lean, ammonia-air flames showing computed
adiabatic stretch-induced stretch rate «,,; 4 (Solid line) as well as non-adiabatic stretch-induced
stretch rates i, s (dashed line) and radiative-induced stretch rates «,,, 5 (+ symbols).

Manuscript to be submitted to PROCI
© 2023 RTX. All Rights Reserved.
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R,y
Premixed Counterflow NH,/Air Flames: Effect of
Pressure on Extinction Strain Rate

Comparison with available data from Colson et al. (2016) and N/H chemical mechanisms

Extinction Strain Rate (s )

500
450
400
350
300
250
200
150
100

50

NHa/Air
@® Colsonetal. (1 atm) taanation p Twin flames
stagnation plane
UCONN Data (1 atm -
( ) NH,/Air

(@)

¢ Colson et al. (5 atm)

<& UCONN Data (5 atm)

Stagni Mechanism (1 atm; Adiabatic)

= = =« Stagni Mechanism (1atm; Nonadiabatic)
Stagni Mechanism (5 atm; Adiabatic)

= == Stagni Mechanism (5 atm; Nonadiabatic) X Colson et al. 2016
Stagni Mechanism 2020

Stoichiometric Premixed NH,/Air Flames

i — - = Glarborg Mechanism 2018,
— - = Glarborg Mechanism 2022
B Powell Mechanism 2011
B Powell Mechanism 2010
| - .
T 1000 UCONN Data
- o 900 f
L % 800 |
_ Cé 700 }
B 'E 600
b 500 |
B c 400 B
.g 300 |
0.5 0.7 0.9 1.1 1.3 1.5 e 200 r
. . .; 100 i
Equivalence Ratio (¢) & 0 ' ' ' '
0 2 4 6 8 10

Pressure (atm)

* Glarborg, Combust. Flame, Vol. 257 (2023)
© 2023 RTX. All Rights Reserved.
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« Burner Studies — NOx Emissions
= Flat-flame burner experiments (30 atm pressure staged reactor rig)
« Chemical Reactor Network (CRN) modeling of GT combustor

UConn fundamental
flame experiments

RTRC engine-relevant
combustor & single-nozzle rigs

AV Raytheon
Technologies
esearcl enter

} Collaborative NH; combustion modeling {
x5 E

© 2023 RTX. All Rights Reserved.



I
High-Pressure Staged Reactor Rig (RTRC) - nox Evaluations

Capability of High-Pressure Reactor

« 30+ atm
» Vessel shell rated >500 K Secondany
 Coflow / purge enables higher preheat

& flame temperatures

 Staged reaction-zones for fuel-rich &
fuel-lean measurements

 Planned diagnostic techniques

 Extractive probe with in-line analyzers for
species measurements (NO, NH,, ...)

Hs
eW N
[l;Ilat Flam®
Burﬂer

S RTX

© 2023 RTX. All Rights Reserved.
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RTRC High-Pressure Staged Flame Reactor Rig

— High-pressure burner rig modifications for NH,; compatibility
= Removal of copper components from inside pressure vessel & burner
= Modified burner insert for NH; operation

= For staged-burner testing (RQL), chimney modification
for staged air addition

CH,-Air 100% NH,-Air
Quartz Tube Chimney —
Sintered Metal ' ’ \
Flow Straightener Burner
Surface
= =
\/

Fuel + Air Mix

Flat Flame Burner

21
© 2023 RTX. All Rights Reserved.
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Chemical Reactor Network (CRN) Modelling

CRN Model Schematic for RQL Combustor

Fuel-Rich Stage

Secondary Air

Fuel-Lean Stage

Exhaust Outlet

0.008 [

T 0.006 £

=}
2
x

0.002 f

0.000 L
07 0.8 09 1.0 1.1 1.2 13 14 15

0.004 f

=1 2100

Equivalence Ratio ¢

= Validation against available simulation data from Li et al., Fuel 355 (2024) 1295009.

= Overall “theoretical” NOx levels <30 ppm for a RQL architecture appear feasible

Premixed Flame (30 atm)
0.010

2500 _RTRe[PCl, Vol. 33 (2011)] - max. NO
1 2300 ¥ ----RTRC [PCI, Vol. 33 (2011)] - NO at 0.06m
g ——Glarborg 2018 - max. NO
® ----Glarborg 2018 - NO at 0.06m
1 1900 2 — - Equilibrium NO (30 atm)
1700 5 — - Flame Temperature (30 atm)
1500

= Established N/H mechanisms show wide variability for NOx g = 1.25

Total Tesr | | TeEr | | Tesr 1t | Teer 11 | PYESSUrE Inlet Outlet NOx*
Residence (ms)_ (msj (ms)_ (msj (atm) Temp. (K) | Temp. (K) | (ppm)
time t (ms)

20 3 14 1 12 600 1850 38.5

20 3 14 1 30 700 1850 30.1

30 3 24 1 30 700 1850 22.9

*15% O, dry -

© 2023 RTX. All Rights Reserved.
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UConn fundamental

- Next Steps — Year-2 plans
= UConn experiments incl. new rig "
« RTRC high-P experiments & modeling

RTRC engine-relevant
combustor & single-nozzle rigs

AV~ Raytheon
Technologies

. Research Center

} Collaborative NH; combustion modeling {
A ] E

swirl-stabilized burmer

¢ oy
validated CFD of staged NH; combustor\_]

© 2023 RTX. All Rights Reserved.
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Next Steps: 2024 Experiments

= UConn Counterflow testing continuing with preheat

= UConn Turbulent Flame Rig

Turbulent flame speed measurements (NH PLIF for flame
surface area)

Effects of pressure, equivalence ratio, and turbulent intensity
(Turbulent intensity range: 15-25%)

Pressure range: 1-7 atm; up to 500 K preheat

» RTRC High-Pressure Staged Reactor Rig

e System pressure up to 30 atm
« Air preheat up to 800K

* NOx measurements using probe extraction
technique

 FTIR Analysis and other diagnostics

© 2023 RTX. All Rights Reserved.

UConn Turbulent Flame Rig

Jet In Cross-
flow Inlet

24



Questions?

Please e-mail any questions to:

Lance Smith (lance.smith@rtx.com) or
Paul Papas (paul.papas@rtx.com)

This material is based upon work supported by the Department of Energy under Award Number DE-FE0032169

Disclaimer: This presentation was prepared as an account of work sponsored by an agency of the United States Government. Neither
the United States Government nor any agency thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any specific commercial
product, process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States Government or any agency thereof. The views and opinions of
authors expressed herein do not necessarily state or reflect those of the United States Government or any agency thereof.
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