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Overall flow picture — time average
(as obtained from Chalmers 12 MW CFB boiler and cold units)
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Inputs Outputs
- Geometry - Concentration and velocity of solids
- Solid properties (for each solid fraction) (|OcatIOn, Slze |nterval, solid fraCUOn)

- Operational conditions (U, ..., 4p) - Gas flows

- Solids flux is an output! - Mass, patrticle size distribution, pressure
drop
(:Ubaﬁuu)
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Example of results — the Chalmers model
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Large fluctuations in gas flow
Exploding bubble regime — in Chalmers 12 MW, boliler and cold u
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“Transport conditions”

Understanding bottom region conditions important for
modeling of entire CFB process
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For design and scale up more information is needed,
especially

o Lateral distribution (in large cross
sections)

— fuel,

— gas concentrations

— solids flux
 Dynamics

— Solids flow

— Gas flow and mixing

— Measurements under full scale
conditions needed.....
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“CFB Combustors”
5th framework project, 2000 —

2003

Project consortium:

Chalmers University of Technology
(coordinator)

1. Technical University Hamburg-Harburg

2. Technical University of Czestochowa

3. Electrownia Turow (power plant
company)
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5th framework project “CFB Combustors”
Measurements in Turow 235 MW, CFB boller
Objective

To provide data which can form a basis for modeling,
reliable operation and scale-up of CFB combustors

* Data on horizontal distribution over the furnace cross-
section of  solids size-distribution, solids flux, solids
momentum, solids-volume concentration, temperature and
gas concentrations

E)Zd%ﬂtﬁl%% dynamic response to load changes

* Description of measurement technigues
* Bottom bed properties
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Please note: work In progress
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The Turow 235MW,,, CFB BollgrFurnace
> height 42.5 m

cross-section of 21.1 m x 9.9 |
25 measurement ports
25 pressure taps
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Fuel feed distribution

REAR WALL (fuel and recycle ash)
R1 R2

: 11
- - ——

2.3 m above distributor

T ©T 1 1

F1 F2 F3 F4
FRONT WALL (fuel only)
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Measurement probes

e (Gas suction probes
(SO,, NO, NO,, CO, CO,, O,, CO, CH,, and
H,O)

e Solids sampling probe

e Momentum probes

e Dual pressure probe

e Capacitance probe
All have a rectangular cross section of 20 x 50 mm

with lengths of 3.7 m (4.5 m momentum probe) and
2.7 m
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Ports and probes

Hole in the membrane tube-wall A port equipped with high-precision

and _ | .
ort equipped with insertion guidance and with a gas suction probe
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Capacitance probe (TUHH)




CHALMERS Chalmers University of Technology

Momentum probe

- Measures differential pressure, Ap,,, between upward and
downward pointing pressure taps (down- and upmoving
particles respectively). Ap,, also called impact pressure.

aG 2 ( N kg ) G,
= = A . A U =

where ¢ and k are constants

- Dynamics and statistics of local solids flux in vertical direction

Downmoving particles

= water outlet
—

Upmoving particles
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Solids momentum probe for dynamics of solids
flux
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Dual pressure proope 10or solids velocity
measurements
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Example of results
(- dynamics of solids flow)
- bottom region characteristics
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Momentum flux in furnace
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Vertical changes in profiles of net impact pressure

Net impact pressure [Pa]
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Solids velocity from dual pressure probe
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To detect bottom region conditions: pressure taps
and/or measurement ports in lower region of furnace

Boiler No. of No. of Vertical positions of | Vertical positions of
pressure | meas. ports | the lowest pressure | the lowest meas. port
taps* taps [m] [m]
Chalmers 32 36 0.1-0.17 0.26
Chatham 2 - 5.1
Flensbur 8 2 0.2-3.7 17.3
Orébro 5 - 18.5
Duisburg 10 5 0.2-2.0 8.6
E. 12 1 1.0-1.5 13.8
ST 7 2 0.03-0.20 -1
Turow 25 25 0.25-0.52 0.8




CHALMERS Chalmers University of Technology

_ -~ - Chalmers 12 MW, CFB boiler, dp =0.3mm
10 — -4 Turow 235 MW, CFB hoiler, d, = 0.2 mm
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Regimes found in a 0.7x0.12x8.5 m riser
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Bottom bed voidage
(Only conditions with presence of bottom bed shown for Chalmers boiler and cold
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Operation with no bottom bed — “transport conditions”

Uy, 4Py, d, > uT, 4Py,
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Temperature > 980 °C at several locations
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Conclusions

* In-situ measurement techniques were successfully applied to study in-
furnace processes in the 235 MW, Circulating Fluidized Bed boliler
» Results illustrate the complex dynamics of the in-furnace flow and mixing
with pronounced lateral variations in gas concentrations over the furnace
Cross section. In particular:
» strong downflow of solids near the wall
» temperatures at the wall (< 0. 1 m) are much lower than temperatures
Inside the boiler
e average solids concentration in bottom region lower than what
correspond to previously observed observations
* high temperatures observed —related to low solids inventory?
* boiler temperatures for control purposes are measured within wall
layer/zone
» oxygen-depleted wall region with thickness of 0.5 m
- differences in O, between front and rear wall indicate that lateral ash
flow brings fuel deeper into the combustion chamber and thus helps to
avoid the formation of plumes
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