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Background

Black liquor gasification potentially offers higher
power generation efficiency and other advantages
compared with the conventional recovery boiler.
There is also the possibility of producing liquid fuels
instead of electrical power, and potential for
dramatically reduced emissions.

One of the technical challenges to successful
implementation of high-pressure, high-temperature,
entrained-flow gasification is controlling the
distribution of droplet sizes produced at the injector.
Too large droplets will not be entrained and will have
insufficient time to react. Too small droplets cause
problems with recovering the inorganic chemicals.

Schematic diagram of a pilot scale high-
temperature, entrained flow black liquor gasifier
designed by Chemrec AB of Sweden. Operated by
Weyerhauser at New Bern, North Carolina.

(Source: Weyerhauser/ORNL).

Steam assisted atomization in the nozzle produces
a distribution of droplet sizes:

Droplets can be too large to dry and react in time.
Droplets can be too small and cause problems in
recovered the inorganics:

* Too small for inertial separation from gas

« High heating rates remove too much carbon

from smaller particles for required inorganic
reactions to occur

« Possible filtering and clarifying problems

Ideal Size: ~300nm

Objectives

1. Understand the nature of droplet formation for
gas-assisted black liquor atomizers:

« Droplet Shape
« Droplet Size Distribution
« Is there secondary atomization?

2. Understand the effects of the furnace environment
on the droplet formation process.

Previous Research

It's been done:

« High solids sprays into cold surroundings
+ Low solids sprays into hot surroundings
+ Splashplate nozzles droplet size distributions

Missing from the literature:

+ High solids sprays into hot surroundings
+ Gas-assisted atomization droplet size distributions

Research Facilities

Nozzle Schematic

Digital Image Analysis

Schematic Diagram of Experiment

Spray Imaging Locations

Results
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Effect of Furnace Environment

Liquid Attachment to Nozzle Face

Droplet Shape
Water Black Liquor

Result: Too large
droplets downstream
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Droplet Size Distribution

Square-root Normal Distribution:
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. Gas-assisted atomization produces a similar

distribution of droplet sizes to traditional black
liquor nozzles

. The square-root normal distribution models the

spray well

The normalized distribution width of s* = 0.24 is a
best case scenario assuming no liquid attachment
to the nozzle

. Nozzle design plays a strong role in determining

the extent of liquid attachment to the nozzle

. The high temperatures in a furnace environment

have a measurable effect on droplet sizes. Theory
suggests this is due to enhanced skin formation.
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