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ct Timeline and Funding

» Started FY02
« Funded at $400K/yr (flat funding profile)

« Funds spent to-date $3.6M
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arch Thrusts (Tasks)

* Development of Advanced Combustion/Gasification Reactor (FY02)
* PC Char-NOx Formation and NOx Reburn (FY02-FY04)

« Advanced Combustion of PC (FY02)

e Char Kinetics for Oxy-Fuel Combustion (FY03-FY08)

 NOx Formation and Reduction during Oxy-Fuel Combustion
(FYO05-FYO08)

» Pressurized Char Gasification Kinetics (FY08-FY12)

e Pressurized Char Combustion Kinetics (FY09-FY13)
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tion: Development of Advanced :
nb./Gasif. Reactor

» Existing SNL coal research facilities limited to 1 atm operation —
inappropriate for investigating gasification or pressurized
combustion phenomena

* In conjunction with funds provided by DOE-EE Office of Biomass
Programs, opportunity arose for design and construction of lab-
scale pressurized flow reactor for combustion and gasification
studies
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h: Development of Advanced
nb./Gasif. Reactor

» Specify desired experimental capabilities

» Collect design and operational information on all similar existing or
recently decommissioned lab-scale rigs with controlled
temperatures

» Design, construct, and conduct experiments on heavily
instrumented pressurized test rig to evaluate effective thermal
conductivity of alumina/zirconia insulation at high temperatures

« Complete final design, procure parts, and construct reactor, in
consultation with SNL ES&H experts
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9./Gasif. Reactor

: Development of Advanced

* Determined desired
capabilities:
1 — 20 bar pressure
300 - 1600 K
0.2 — 5.0 s residence time
multiple fixed gases and steam flow

turbulent pipe flow

traversable particle/gas collection

optical access

Sandia

« Evaluated related rig designs:

Reactor
Owner/Location

Reactor
Name

Important Features

Literature Sources

IPST
Atlanta, GA

VTIT
Jyviskyld, Finland

IVD
Stuttgart, Germany

CRC
Australia

BYU
Provo, UT

PSU |
University Park, PA

PEFR

PEFR

PEFR

PDTF

HPCP

entrained flow reactor: 1-80
atm, 873-1773 K, 3" x 66"
reactor tube, traversable
water-cooled sampling
probe, 4 optical sampling
heights

entrained flow reactor: 1-20
atm, 1000-1700 K, 2.4" x
66" reactor tube, hot-water
traversable sampling probe,
3 optical sampling heights

entrained flow reactor: 1-16
atm, up to 1873 K, 2.8" x
69" reactor tube, hot-water

traversable sampling probe,
3 optical sampling heights

drop tube furnace: 1-16 atm,
873-1673 K, 3" x 50" reactor
tube, traversable injection,
water-cooled sampling
probe, 4 optical sampling
heights

drop-tube reactor: 1-15 atm,
1000-1700 K, 2" x 20"
reactor tube, 1 optic

ow furnace: 6-70
, upto 1373 K, 1.6" x
20" reactor tube, water-
cooled sampling probe

entrained reactor: 1-12 atm,
up to 1720 K; 2" x 25"
reactor tube, 2 optical

Hansen et al., '95

Aho et al., '95

Reichelt et al., '98
Reichelt et al., '00

Ouyang et al., '98

Yeasmin et al., '99

onson and Germane, '93
Bateman et al., '95

Leeetal., '91

Anderson et al., '90
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sampling heights
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»./Gasif. Reactor

 Literature review revealed that existing research reactors suffer
from unexpectedly high heat loss to pressure shell when
pressurized

* An insulation test vessel was designed and operated to identify
the predominant mechanism of unanticipated heat loss

mieleolra
e * Heat transfer analysis
[<;_ S=—! UL demonstrated slightly
) nran! AGN) higher thermal
by - conductivity of insulation

7 at pressure; also
demonstrated strong
buoyancy-driven heat
transfer at pressure
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 New experimental rig dc ,
ouoyar’ thin

care taken to minimize ¢
the pressure vessel

Design parameters:

solid fuel

feeder SiC heating element

d Dulkc (dry)
m. 0asinjection
fuel injection— | \ l
1
SiC reactor tube —. - - water
(5-cm 1D} injection
7 I

optical ports
(1", 5 ¥ 4way)

\DDIIEI’ rated
My
=~

Main
Reactor

steel pipe

refractory insulation

gasfparticle sample -.—
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