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Overview of the Scientific Problem

 What fundamental combustion properties/knowledge we need
In order to design combustor for SCO, oxy-combustion?

— Conventional gas turbine combustor won’t work
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Motivation

The combustors in high efficiency .
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Overview of the Scientific Questions and
Proposed Work

 What is the fundamental combustion properties?
— Investigation of chemical kinetic mechanisms for
SCO, Oxy-combustion (Task 1&2: Ranjan & Sun)
« How can we use the mechanism to design
combustors?

— Development of a Compact and Optimized Chemical
Kinetic Mechanism for SCO, Oxy-combustion (Task 3:
Sun)

 What is the combustor dynamics at this new
condition?

— theoretical and numerical investigation of combustion
instability for SCO, Oxy-combustion (Task 4&5:
Lieuwen, Menon & Sun)



Objectives and Approaches

Objectives:

Perform fundamental R&D on combustion kinetics and dynamics at
supercritical CO, power cycle operating conditions for natural gas and
syngas

Focus on key knowledge gaps associated with supercritical CO, oxy-
combustion including autoignition properties, development of
predictive chemical kinetic mechanism, and analyses of flow, mixing,
and flame dynamics

Approach:

New experiments to generate fundamental data base

Development of new predictive kinetic mechanism assisted by
experiments

Study of flame stability based on newly developed kinetic mechanism
Integration of experimental, numerical, and theoretical efforts



Task 1: Development of a High Pressure Shock
Tube for Combustion Studies

 How to study autoignition delays at SCO2 Oxy-
combustion condition?
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Task 1: Development of a High Pressure Shock
Tube for Combustion Studies

e (Georgia Tech shock tube for fundamental autoignition
study Is under construction

 Wide pressure range (P up to 300 atm)
It will be the longest one in US (150 mm ID, 20 m long)

for combustion research



Task 1: Development of a High Pressure Shock

Tube for Combustion Studies

Basics regarding the shock-tube:

Shock Tube Schematic
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Task 1: Development of a High Pressure Shock
Tube for Combustion Studies

Key Capability of the GT Shock-tube

Large internal bore (15.24 cm)—to minimize the boundary layer
effect (very critical at high pressure conditions)

It will be the longest one in US (10 m driver and driven section) for
combustion research

Test time 50 ms (can achieve high value with modification of driver
gas mixture)

Diaphragm section replicate the current design in the operational
shock-tube for turbulent mixing study

Test pressure 355 bar

473 K preheating capability

0.2 um or better surface finish

Optical access from end wall and side-wall

Several locations for pressure transducers at the end wall and on
side wall

Emission and pressure can be measured from end wall as well as
from side wall

Diagnostic capability to understand the non-ideal effects in the
shock-tube




Task 1: Development of a High Pressure Shock

Tube for Combustion Studies

Plugs/valves have the same
curvature with the inner
surface of the tube to minimize
the flow and shock obstruction
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Task 2: Investigation of Natural Gas and Syngas
Autoignition in SCO, Environment
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Task 3: Development of a Compact and Optimized Chemical

Kinetic Mechanism for SCO, Oxy-combustion

In this task, an optimized,
validated and compact
chemical kinetic mechanism
shall be developed

This mechanism will then be
used in CFD modeling to study
combustion stability at relevant
conditions

Approach: optimize chemical
Kinetic mechanism based on

experimental data obtained in
task 2.

Initial Generation of Mech
Randomly generate several
hundreds of mechanisms

Optimized Mech
However, if this generationis
good enough, we stop

iteration and accept them as ~

optimized mechanism

Selection

| Select the good mechanisms

based on their performance

71 of predicting auto-ignition

delays, etc.

Give Birth to New
Generation of Mech
Good mechanims can

“marry” with each other, and

give birth to a new
generation of mechanims

Flow chart of using Genetic
Algorithm to optimize chemical
kinetic mechanisms
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Task 3: Development of a Compact and Optimized Chemical
Kinetic Mechanism for SCO, Oxy-combustion
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Task 4: Analytical modeling of Supercritical
Reacting Jets in Crossflow

e The analytical work shall
focus on physics based
models of high pressure
reacting jets in crossflow
(JICF)

 AKkey goal of this work
shall be to determine the
relationship between flow
disturbances and heat
release oscillations

Crossflow
velocity
characteristics

—
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Jet velocity
characteristics

Analytic model of jet in crossflow

15



Task 4: Analytical modeling of Supercritical
Reacting Jets in Crossflow

e Established model: Mixture
fraction formulation
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Task 4: Analytical modeling of Supercritical
Reacting Jets in Crossflow

e Solution: Space-Time Dynamics of Zs_t Surface

Bulk Axial Forcing ~ U,; = &U,exp[—iat]

Sin (X,t) _ icexp[—iot]
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Task 4: Analytical modeling of Supercritical
Reacting Jets in Crossflow

e Solution: Space-Time Dynamics of Zs_t Surface
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Task 4: Analytical modeling of Supercritical
Reacting Jets in Crossflow

e Solution: Space-Time Dynamics of Zs_t Surface
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Task 4: Analytical modeling of Supercritical
Reacting Jets in Crossflow

e Solution: Space Time Dynamics of Z éSurface
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Key Goals of Task 4

» Determine the gain-phase relationship between
flow disturbances and heat release oscillations

« Use model profiles extracted from other jet in
crossflow data

« Computed time averaged flow and flame
features

 Account for supercritical effects on diffusion
coefficients



Task 5: LES Studies of Supercritical Mixing and
Combustion

Supercritical Mixing in JICF
(leveraged by our rocket engine work)

C9H20 Mass Fraction
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0.234

 LES capability exists to
simulate supercritical mixing
and reacting flows

 Uses Peng-Robinson EOS
and real gas properties with
finite-rate kinetics

e Simulations to be used to
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Task 5: LES Studies of Supercritical Mixing and

Combustion

e Task 5a: Simulate supercritical
mixing in JICF for experimental
setup and conditions

e Task 5b: Implement optimized
kinetics form Task 3 for reacting
studies

e Task 5c: Simulate and analyze
conditions resulting in
combustion stability in possible
combustor geometries

— Vary inflow and combustor
operating conditions

— Vary injection conditions
 Task 5d: Feedback sensitive
reactions to Task 3 to further
refine the mechanism
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Possible circular combustor design for SCO2
power cycle (will be modeled)
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Deliverables

e New fundamental combustion data base for
SCO, power cycles

e Optimized predictive kinetic mechanism for
natural gas and syngas

* Analytic and LES models of jet in cross flow at
SCO, power cycle operating conditions



