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Multi-phase flow in existing and emerging
energy technologies

A Gasifiers
I Entrained flow ash/slag
I Feed systems
I Low-rank coals
A Sorbent systems for CO2 capture
I Hydrodynamics
I Heat exchanger
I Attrition
A Chemical Looping
I Conversion
I Ash separation
I Attrition
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Entrained flow gasifiers

A Calculating the coal
conversion and flyash Oxygen or Air  C0al
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Example of Research Activity T Materials
Thrust / Flexible Feedstock

Feedstock/slag interactions- Pittsburgh Coal

Multi-scale modeling T
C+CO,=2CO

NETL (Morgantown)

CFD-modeling ' '
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Population balance
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Sridhar Seetharaman (CMU), Pete Rozelle (DOE-HQ), Larry Shadle (NETL)
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Design prediction versus insight?

A Reacting flow CFD has advanced significantly in the last three
decades.

A CFDis an integral part of design of many practical devices
because of fundamental insights embedded in simulations.

A Continued computation power will make large simulations
practical in industry

Computers at Pittsburgh
Supercomputing Center

Giant ENIAC (Electrical Numerical
Integrator and Calculator) machine,
University of Pennsylvania, circa ?

High Resolution (10M cells) simulation coal
jet region.
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http://www.psc.edu/machines/tcs/lemieux.html

Progress in combustion simulation

A Significant progress in combustion simulation

I Validating, time resolved experiments and models
A Why is it different for gasification?

I The problem is harder

I There has not been as much fundamental work

Experimental OH PLIF planar slice

/7

Combustor
8x 67cm

Centerbody \

Swirler

Choke Plate e of Re ) ITime=5.4512e-01) Aug 27, 2000
FLUENT 6.3 |3d, pbns, spe, LES, unsceady)

NATIONAL ENSRGY TECHNOLOGY LASORATORY



R . . sas-Phase
Gasification vs. Combustion [Fa

Courtesy V. Zamansky, GE Chemistry

W.C. Gardiner, Iy
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Fuel Conversion Modeling Capability
Courtesy V. Zamansky, GE

Combustion Gasification
A Kinetics O A Kinetics O
A Reacting flow CFD O A Reacting flow CFD O
A Emissions modeling O A Emissions modeling Q
A Fuel injection A Fuel injection O
A Fuel variability A Fuel variability O
A System cost O A System cost O
A Film / Impingement cooling () A Fuel de-volatilization O
A Flame radiation O A Char / soot formation O
A Slagging characteristics @
A Refractory modeling O
Design Effort A Syngas cooler deposition O
A Apply fundamental models  80% 10% ‘“’AVeg'Vla'id/atedt_mlodel!z t_
A Experimental validation 20% 90% Mo
Based upon 50 years of development Todayos model s based ol
Demonstrated improvements: What is the impact of empirical approach on:
ASignificant cost reduction ACost ?
AHigh efficiency AEfficiency ?
ALow emissions KOperating life, reliability ?
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Low Rank Coal Application

A Lots of low-rank coal in
the US!

A Allows lower I i S
temperature gasification _’ |
technology. |
i Dry ash, not slagging. o "

i Bigger particles than jﬂ["’gym
entrained. "

A Conversion and
hydrodynamics T can e
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we predict?
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Solid Sorbents for CO2 capture:

A proposed option for flue gas CO2 capture.

A multi-phase flow funhouse.
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The current capture technology

A Amine solvent scrubbing: familiar; widely used and studied.

A Approx, 201 30% of existing powerplant output needed to operate !

A Energy inputs: sensible, vaporization, reaction: Q = Q. + Quap T Qreact
A What can be done to reduce the energy penalty?

cgreact (?vap
CO, Condenser
H,O(V) ‘/""‘(‘
Flue ' —> & —» CO;
Out
Lean Rich Pump
Preor Peo, H-0(p)
AT
{ ) ) <
Rich Lean Steam
— Supply
Reboiler
Flue Qsens Q The Energy Budget:
In React ~ 50%
i ~ 0
e > B _ SenS|t_)Ie _ 25%
Absorber Heat Regenerator Vaporization ~ 25%

Exchange

N B NATIONAL ENSRGY TECHNOLOGY LASORATORY



Reducing the energy penalty

Eliminate/reduce the vaporization and sensible heat

A Aqueous solvents:

I Adding heat reverses the capture
reaction.

I Added penalties from water
vaporization, sensible
heating/cooling.

A Dry Sorbent Alternative:

I New chemistry possible for lower
reaction energy.

I Avoid the vaporization term..with
careful moisture management !

i Still: heat and cooling sensible term. The Energy Budget:
React ~ 50%

Sensible ~ 25%
Vaporization ~ 25%
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Example of sorbents

A Two different formulations
studied at NETL:

I Clay substrate, amine
impregnated.

I Silica (catalyst support). D5 g2 g &
A Both manufactured with o e 230
commercial processes/partner.

Schematic and actual pilot unit
with ADA.

Lab-scale sorbent testing

Pressure Chemical

: Facility; production of
NETL CO, Sorbent , spray dried formula, 80um 1200Ib of sorbent
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Process and Component Development for Solid Sorbents

Predicted absorber gas fraction *

* Prediction from a different design than shown schematically

A NETL experimental
system.

I Lab size/scale allows
rapid screening of
component options.

I circulating absorber &
regenerator

I validates thermal,
hydrodynamic,
transport, and kinetic
performance

A Validating data:
enabling rapid
numeric scale-up.

NATIONAL ENSRGY TECHNOLOGY LASORATORY



