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Personal Background

About me: UTSR Summer Fe”ow: University Turbine Systems Research
* Fynn Reinbacher * Hosted by:
= PhD Student ME Southwest Research Institute

(lowa State University,Ames |A) (San Antonio, TX)

Detonations, laser diagnostics,
plasma assisted combustion

= M.Sc.AerE 2018
(lowa State University, Ames |A)

= B.Sc.ME 2016

= Division 18 Mechanical Engineering,
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Summer Fellowship Overview

* Background:
— sCO, Power Cycles
— Allam-Fetvedt Cycle
— sCO, Oxy Fuel Combustion

" Work at SwRI:
— Benchtop Oxy-Fuel Combustor

— Laser Spark Ignition for Oxy-Fuel combustion

— Misc. other projects
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Background: sCO, power cycles
A

CRITICAL POINT

304°K=31°C=88°F

83.8 bar = 8.38 Mpa
= 1,070 psi

= sCO, as working fluid:
“dense like a liquid, behaves like a gas” =

" Non-toxic, non-flammable )
= Smaller, higher efficiency turbines | ASGR—
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enerqgy.gov
_eneray.g

TEMPERATURE
T (k)
B Comparison
. Suparcrticl GO, (600, 1 Increase T and p to Supercritical
fluid

potential to surpass 40%
Gresy r> Tcrit & P > Dcrit

B Greatly reduced cost for sCO,
companed to the cost of
eomentional stearm Rankine
cycle are possible

8 s5C0., compact turbo
machinery is easily scalable

1

A L Yo wvn) 1 meter sCO, (300 MWe)
energy.gov i Modified from [1]
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Allam-Fetvedt Cycle

* Direct fired sCO, Power cycle

Gk el et P s 2 et 27t s
* Numerous advantages E Cool €O
~ No N, = no NO, 8 N =
— Direct sequestration of ‘E:
liquid CO, E
3
However:

= sCO, challenging medium to
work with

Pipeline Ready CO,
3.25% of Mass

= Combustion environment Line Width Proportional to Mass dean e
largely unknown

Image Courtesy 8 Rivers Capital and NET Power
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sCO, Oxy Fuel Combustion

= Sparse data on sCO, relevant combustion

conditions - — N
. o e . pplication

(Most combustion systems use air-like mixtures P up to 300 bar

~20% 02 and ~80% NZ) \COZ up to 96% (mostly as diIuent)j

— Hard to make predictions based on computational

No data at high pressure, high CO,

Knowledge front

models w/o experimental control data

Pressure

* High pressure literature “25 — 50 bar”
— Here: 100 — 300 bar (p.-i+ = 83.8 bar)

e

Sparse data at low pressure, high CO,

" Data necessary to predict flame speed, o
temperature, ignition limits

>
CO, concentration

0 MECHANICAL ENGINEERING
©SOUTHWEST RESEARCH INSTITUTE Swri'org



SwWRI Benchtop Oxy-Fuel Combustor

Project Overview:

Combustion
Zone

To Backpressure
Control and Exhaust

" Coax natural gas — oxygen combustor, cooled w/C0O,

lgnition

" Challenges:
lgnition, flame holding, pressure regulation Cooling

CO, Inlet Sonic orifice for

. Il backpressure goes here
co,, 0, and

Fuel Inlets
Fuel Injector

h Cooling/Quench Temperature and

Pressure Instrumentation
Project Goals:

~ CO2(-y) Dilution

" Explore combustion/operating conditions

-—plﬁ? S:fo:,f:) :br::::; outl of direct fired sCO, oxy-fuel combustion
—_— | “Fill knowledge gap at high p and %C0,”

* Technology test bed for larger combustor
=peor——) Combustion liner = (e.g. emission probe, stable flame regimes)

Pressure containment /
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Benchtop Oxy-Fuel

Driven by Geometry:

. 2
. minV; - — n —
= Momentum flux ratio [ oyt = — 35— m = pvA
MoutVout
— | too small: insufficient mixing
* How does J change
— J too large: J g

with operating

— J just right: conditions?

* How sensitive is | to
external perturbations!?

Temperature in K

L . Banuti et al. 2018

300 500 700 900 1100 1300 1500 1700 1900 2000
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Impact of governing parameters on J

" Global equivalence ratio @

— Flow rates fuel & oxidizer

" Global oxygen fraction Y,

" Pre dilution of oxidizer stream

with CO, Y

: 2 2
- g 1
Jfjox = Cfjox (:) (1+¢ﬁ?coz>

]ox/cool = Cox/cool

Ci/o: constants determinec

mopz

) () =) |

by geometry and fluids

©SOUTHWEST RESEARCH INSTITUTE

ms

mo2

~¢ equivalence ratio enters with a power of 2 into J¢ /oy

Jf jox is directly proportional to stoichiometry.
Leaner = lower!

Mco2
. ~Yo2
Mop2
Jf jox change due to ¢ is limited in scope by global

02 fraction
Jox/coot is directly proportional to Yy, for small i

Jf jox decreases for increasing i (variation is larger
for smaller global O, fraction)
Jox/coo increases for increasing i is directly
proportional to Yy, for small 1.
While J¢ /0, varies between limits, this
will go to g_rflljox/cool = ®.
Think no co-flow, into still surroundings.

a]f/ox| |a]ox/cool
|a¢ S oY
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Benchtop Oxy-Fuel Contributions

= Evaluation of conceptual design

=" Sensitivity to operating conditions
®* Orifice sizing

" 0D reactor model

= Start-Up conditions

" Python toolkit for real-gas flow conditions
and evaluation of combustor operating conditions
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Laser Spark Ignition

" High power laser pulse creates ) Katcher et al. 2019
“Laser spark”

Supercnitical CO,:

= Advantages:

— Non intrusive

— EaSier Sealing (high energy) (medium energy) (low energy)
n Challenges: Figure 13. Laser-lnducgd Breakdown in Supercritical CO, at
Varying Energy Levels
— Optical access to combustor Katcher et al. 2019

— Focal length in sCO,

ol L ]
%45 ) -
L W
et
g o

/1% of Combustion Limit [Relative Time]
0 0.125

0 MECHANICAL ENGINEERING
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Laser Spark Ignition continued

» Challenges:

— Laser spark intensity dependent on:
do, A, f,n
* Smaller f — higher Intensity

* Larger n — larger f

— Focal length f affected by index of refraction:
Ngir = 1 no Problem!
Nwindow & Nscoz 2 1.0 "

Focal =0O¥
Spot
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Laser Spark Ignition Contributions .

Probe
P = 96.5 bar o

Contributions: — & Ll
* |dentify issues with Laser ignition system: " :

— Focal length shift in sCO,: 5-20% |_

— Reflective backwall s |
= Build python toolkits: o L8 2

— Index of refraction of real gases § frea fidear

— Gaussian beam propagation v

ol N\ Reflective
combusﬂon Ilner/ )

—> Allows modeling of Laser ignition system . .
optical mirror
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Contributions to misc. other projects

" Evaluated existing test infrastructure for chemical compatibility and
identified necessary upgrades for future Ammonia combustion project

* Evaluated sensing options for future flameless combustion project

" |nvestigated light-off and start-up conditions for operation of Benchtop
and |MW oxy-fuel combustion projects
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Sources

" https://netpower.com/technology/

" https://www.swri.org/supercritical-carbon-dioxide-power-systems

" https://www.energy.gov/supercritical-co2-tech-team

" https://netl.doe.gov/carbon-management/sco2

" https://www.powermag.com/what-are-supercritical-co2-power-cycles/

" http://www |.chem.leeds.ac.uk//People/CMR/criticalpics.html
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