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Abstract

During 1975-1977 the old "3MW-MHD' test
rig in Swierk has been converted to burn
coal to produce suitable plasma stream
for MHD generator.

The pebble-~bed alr preheater has been
also modified in order to supress the
observed pressure fluctuations caused
by pneumatic transport device.

The test rig has been equipped with
pulverised coal bunker of capacity
sufficient for 6 hours of continued
operation of combustor. Coal as powder
is supplied to the combustor with

warm air of approx. 420-550 K tempera-
ture.

The vortex combustion chamber, designed
as a joint project of IBJ-Swierk and
ENIN-Moscow, with the maximum thermal
power of 3-3,8 MW has been designed,
constructed and put in operation.

It is supplied with hot air of approx.
1470 K with possibility of enrichment
with oxygen between 40+55%. Seed is fed
as a water solution of KpC0z.

In order to increase the pressure inside
the combustor the outlet of the chamber
is equipped with a nozzle connected to
the element simulating the fubure MHD
generator.

First experiment started in 1977 with
pure air preheated till 1300 K /at the
chamber inlet, 1410 K at the preheater
outlet/ and with thermal power from

2 MW till 4 Mw.

In the report some details of the rig
are given together with the design of
combustor and characteristics of fuel
used.

The results of the experiments perfor-
med during 1977 and 1978 are presented.

I. Introduction

1. The o0ld test stand 'ZMW-MID" has
been adapted for coal firing and is
presented in Fig.1.

2. The following items have been added
to the existing installation:

a. the coal feeding system, consisting
of powdered coal hopper and the
pressure_tank having the capacity
of 5,8 m?, The coal bunker has
envough capacity for continuous
operation of 6 hours without
recharging.

Pressure in the bunker /hopper/
is maintained slightly above the
pressure in the combustion chamber

4,

b.

powdered coal feeder of the screw
type, D.C. motor driven with
thyristor speed control; it enables
to change feeding rate from

100-900 kg/h

powder ejectors, feed line, coal
distribution device for distribu-
ting coal-air mixture between

four injectors

Scrubber which forms the last part
of the combustion gases train,
where, the combustion gases are
cleaned from the seed and slag
before being exhausted to the
atmosphere.

The necessary mass flow of water
is 6000 kg/h for the nominal
rating of 4 MW thermal of the
installation.

Inlet part of the scrubber include
three rows of the water injectors,
nine additional water injectors
are placed in the scrubber head.

%¢ The most important part of the retro-
fitted installation is the new com=-
bustion chamber, for coal, equipped

wi

th additional slag tank.

Coal combustor has been designed and
constructed based on the following
assumptions:

thermal power approx. 4 MW

max temperature of the exhausting
gases 26800-2900 X

alr enriched till 45%-50% /by weight/
preheated till 1300-1500 K
minimum of heat losses through the
walls of the combustor

protection of wall by slag layer
mazimum intensity of heat relaese
in the combustor in order %o
supress the relative losses by
cooling

rapld devolatilization of coal
particles of 40-50 pm size by
injection %o the stream of gas of
1600 K

ragid heating of coal particles
102 de8/gec

rapid and uniform mixing of coal
particles with air and oxygen

use of dry coal;

In the first phase the existing

pebble-bed oxidizer preheater is to

be

used limiting the meximum preheat

temp. to 1500 K, in the next phase
the vitiated air heater will be used

wi
pT

th higher temperature of oxidizer
eheat.
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II. Experimental Facilities
and Test Hardware

1. Design of the combustion chamber

The cross-section of the combustion
chamber is presented in Fig.2, and
the cross-section of the inlet section
in Fig.3.

The combustion chamber axis is incli-
ned 30 degrees to the horizontal line.
The inclination has been dictated as
a compromise between the high losses
of the vertical solution /high losses
in the bend connecting chamber with
the MHD nozzle/ and the high slag
separation ability of the vertical
arrangement.

The inlet section of the chamber is
arranged as a scroll with Alp03
refractory lining. In order to
distribute the air as uniformly as
possible the swirl blade apparatus

is provided, made of SiC blades,
nounted at 15 degrees in the Als0
cement. The velocity of air /enrithed/
discharging through the swirl vanes

is approx. 80-110 m/sec. The swirl
vanes agpparatus is shown in Fig.4.

The main dimensions of the chamber

are as follows:

internal diameter D=20,4m
ratio of length %o

dismeter L/D = 1,45
lenght of combustion

volume L =20,58n
ratio of outlet from

CC to d‘/D = 0’4

internal diameter

2. Internal structure of the combustor

The internal protection of the
combustor walls 1s secured by the

slag layer itself. The internal
metallic structure is provided with
machined grooves and fingers of 8 mm
depth. The hollow spaces between then
are filled with SiC mortar of 11 mn
thickness /3 mm over the fingers
surface/.

The chosen thickness of the SiC is
sufficient to maintain the temperature
at its surface at approx.1270 K-1370 K,
that is 200 - 250 K below the fluid
temperature of the slag.

It is enough to generate the protective
layer of the slag on the combustor
walls.

During experiments the protective
layer of 2+5 mm thickness of thorough-
ly fused slag 1s observed /Fig.5/.

At the lower part of the chamber the
slag tapping hole is provided, its
diameter is 100 mm.

Fig.7,8,9present the elements of the
combustor.

3. Pulverized coal feeding

Dry pulverized coal is stored in coal
bunker /hopper/ under pressure equal

to the pressure in the combustor.
Coal is further supplied by the screw
type feeder and air ejector working
with air preheated to 550 K. The solid
transport ratio of coal mass flow to
the transport air mass flow is
approXe 2,5.

The coal-air mixture is transported
to the distributor in which it is
being divided in four streams /with
accuracy of approx. 8%/ supplying

the four coal injectors. There are
two possibilities of injecting coal
into the combustor - first with four
injectors situated in the inner
central cone of the combustor

/see Fig.8/ and the second with four
injectors situated at the outer
periphery of the combustor.

The axis of all injectors are arranged
at 45 degrees to the tangential
direction.

The mass flow of coal is calculated
both from the revolutions of the
calibrated screw feeder and from the
heat balance of the coal, hot trans-
port air and coal~air mixture.

The discrepancies are not larger

than 6%.

IIT. Operating Conditions

1. Coal and ash analysis.

In the first experiments coal from
the Silesisn Region /Bytom mine/
has been used exclusively.

Proximate anslysis %

Moisture W& 1 - 3,5
Volatile Matter, daf, 30 -~ 36
Fixed Carhon 61 - 66
Ash A 15,3 - 22,8
Ultimate Analysis, daf %

Carbon 80 - 84
Hydrogen 4,5 - 5,5
Sulfur 1,0 - 1,5
Oxygen 8 - 10
Nitrogen 1-1,5
Ash analysis

5108 % 43 - 51
Al:03 17,4 - 22
Fep03 9 -1
Cal 4 -~ 8
Mg0 3 -6
SO 4,2 - 6,4
Nazg0 : 0,8 =~ 1,5
K20 1,5 - 2,7
Ti0p . 1

Coal particles size: 80% through

90 ypm sieve /170 mesh/ and 95,5%

through 200&pm/sieve /70 mesh/.
e

Heating Val coal as

rec 4/ 23100 - 26700 KJ/kg
Characteristic temperatures

of ash

Initial deformation

temperature 1433 K + 50
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Softening temperature 1463 K + 50
Fluid temperature 1580 K + 50
Air and oxygen: mass flows and
temperatures of preheat.

primary air 0,0556 kg/sec 550 K

secondary air

and oxygen 0,389-0,5 kg/sec

1300-1500 XK
average temperature
of oxidizer 1100-1300 X

air enrichment /by weight/ #45-50%

additional air 0,011-=0,029 kg/sec
300 K

Coal mass flow 0,11-0,128 kg/sec

seed feeding rate 0,007-0,03 kg/sec

Combustion gases rate 0,5-0,7 kg/sec

Combustion gases bleeding 0,015 kg/sec
/by-~pass through slag tank/

IV. Experimental Results

During 1977-1978 period seven experiments
have been carried-out of 345 hours of
duration. Some experimental results are
cited below:

10

Exhaust gas composition /typical/
% by volume:

Np=49%; Op—243%; CO-1%; COp—29%;
H2"‘%3
Nitrogen oxides calculated as NOp

content: 3,845,5 g/m?

/measurements by means of spectro-
colorimeter method/.

Temperature of the exhaust gases,

downstream of sonic nozzle:
2700-2900 K /measurements by two
methods, namely: line reversal of
potassium line K 7665 & and absolute
intensity of the some line .of
potassium/.

Accuracy + 50 K. Maximum temperature
has been obtained with &L = 0,92.

Pressure fluctuations have been
measured by induction pressure trans-
ducer. Maximum amplitude of fluctu-

ations was in the range of 2% of the
total pressure inside the combustor.

4, Coal burnt-out. With KA =1, and with
residence time for coal particles
about 40-60 miliseconds, the unburnt
coal amounted to 0,2-1,0%.

5 Seed-slag interaction

Seed was introduced as a water
solution of KpCOz heated to 350 X,
under pressure of 0,6 Pa,
Injection of seed was secured by two
injectors, one situated in axis of
the combustor and the second
protruding from the side wall of the
chamber and injecting against the
main flow.

The amount of seed absorbed by the
slag was rather high between 15%

and 20%.

It is suggested that the main cause
of high seed losees is the entrain-
ment of seed droplets /which have
not enough time to vaporize/ by the
liquid slag layer on the walls

of the combustor.

In the Table are presented the
chemical compositions of ash and slag
from the samples taken in different
points of the installation.

Sample 1: ash from the coal,
as received

Sample 2: slag from the center of the
slag tank
Sample %: slag from the surface of the

slag tank

Sample 4: slag from the bleeding
by-pass /fine particles/

Sample 5: slag from the scrubber

TABLE 1.

Sample| S1i02 | 41203 Fe20z | CaO |Mg0 | 803| Nag0 | k50 | Tios
1 43,7 | 20,770 10,0 | 8,11{5,17| 6,41} 0,8 2,5 1,01} 98,47
2 45,74 1 19,89 9,821 7,03|7,08| 0O 1,24 | 8,6 0,9 |100,3
3 49,38 | 21,29] 11,96| 7,5714,791{ o 0,6 4,2 0,871 100,6
4 33,03 | 28,04| 6,59112,97(2,68 1,84 | 1,0 2,451 0,79} 99,39
5 39,71 (25,3 9,27} 8,5218,14 | O 1,2 7,551 1,02|100,7]

K.4.3
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Heat flux to the walls

Typical heat fluxes measured during
the runs are as follows:

inlet part of combustor 0,54 MW/m

central " " 0,44 MW/me
outlet ™ " 0,69 MW/m2
exhaust part 0,65 Mi/m?
exhaust of the slag 0,3 MW/m2

side injector of seed 1,8 MW/m?

During the first 20 minutes of
operation they may be higher by
20 ~ 25% /no slag protection/.

Overall heat losses by cooling are
between 14% and 20%.

Intensities of heat release, as
calculated, are following:

relative to the cross section of
combustor:

112
density of heat release:

MW
15-1 m3 « atm

Additional data

Combustion gases by-pass through
slag-tank

approx. 2%

Seed rate relative to exhaust gases
flow rate 0,3% - 1,0%

Slag removal efficiency 71 - 76%

V. Concluding Remarks

Experimental results indicate that
stable operation of a one stage coal
combustor, directly burning coal, has
been achieved during several runs

of 4 - 6 hours of duration.

The longer runs have been limited
only by the capacity of the coal
storage devices.

The protection of the inner walls by
slag layer is highly effective and
no damage has been observed after
several runs /approx 110 runs/.

Heat losses due to cooling of the
combustor walls have not exceeded
the predicted values and may be
reduced to several percents in full
scal@ combustor.

The achieved intensity of heat
release of thg order

of 15¢17 MW/m° atm / ~ 50 MW/m3/
is very near the required intensity
for commercial application.

The percentage of seed absorbed by
the slag is high, 15% - 20%, it is
supposed to be due to the small
dimensions of the apparatus.

6. It now appears entirely feasible to
initiate development of a coal
combustor of larger sczle, for
instance 20-50 W thermal.
Development should adress combustors
with higher slag rejection /special
slag removal devices/, better seed
homogenization and lower seed
absorbtion by slag. It should be
followed by integrated development
of the combustor-nozzle-channel
system.
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Fig.6 General view of the combustor
mounted on slag tank

K.4.4
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Fig.7 View of the inside of the
combustor after run

Fig.? Transversal cross-section
at the inlet of the combustor

Fig.8 Inlet internal part of the
combustor. Two, of four, coal
injectors are visible

Fige5 Pattern of slag layer covering

the inside wall of the combustor gases from the combustor. Effect

of some residual swirl is clearly
visible

Fig.9 View of the outlet of exhaust

K.4.6


https://edx.netl.doe.gov/dataset/seam-18

