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Abstract 

During 1975-1977 the old "3RUJ-MHD" t e s t  
r i g  in gviierk has been converted t o  burn 
coal  t o  produce su i t ab le  plasma stream 
f o r  MW generator. 
The pebble-bed a i r  preheater has been 
a l so  modified i n  order t o  supress the  
observed pressure f luc tua t ions  caused 
by pneumatic t ranspor t  device. 
The t e s t  r i g  has been equipped wi th  
pulverised coal  bunker of capaci ty  
su f f i c ien t  f o r  6 hours of continued 
operation of combustor. Coal a s  powder 
is  supplied t o  t h e  combustor with 
warm a i r  of approx. 420-550 R tempera-
ture.  
The vortex combustion chamber, designed 
a s  a jo in t  project  of IBJ-Swierk and 
ENIN-htoscow, with the  maximum thermal 
power of 3-3,8 MW has been designed, 
constructed and put i n  operation. 
It i s  supplied with hot a i r  of approx. 
1470 K with p o s s i b i l i t y  of enrichment 
with oxygen between 40+55%. Seed i s  f e d  
a s  a water solut ion of K2CO3. 

I n  order t o  increase the  pressure ins ide  

the  combustor the  ou t le t  of the  chamber 

i s  equipped with a nozzle connected t o  

the  element simulating t h e  f u t u r e  ~~ 

generator.

F i r s t  experiment s t a r t e d  i n  1977 with 

pure a i r  preheated till 1300 K / a t  the  

chamber i n l e t ,  1410 K a t  the  preheater 

ou t l e t /  and with thermal power from 

2 Rm till 4 mi1. 

I n  the  repor t  some d e t a i l s  of the  r i g  

are  given together  with the  design of 

combustor and c h a r a c t e r i s t i c s  of f u e l  

used. 

The r e s u l t s  of the experiments perf  or- 

med during 1977 and 1978 a re  presented. 


I. Introduction 

I. 	The old t e s t  stand "3MI-MHD" has  

been adapted f o r  coal  f i r i n g  and i s  

presented i n  Fig.1, 


2. 	 The following items have been added 

t o  t h e  ex i s t ing  i n s t a l l a t i o n :  

a. 	 t h e  coal  feeding system, consis t ing 

of powdered coal  hopper and the  
pressure tank having t h e  capacity 
of 5,8 m3. The coal  bunker has  
envough capacity f o r  continuous 
operation of 6 hours without 
recharging. 
Pressure i n  the  bunker /hopper/ 
i s  maintained s l i g h t l y  above the  
pressure in the  combustion chamber 

b. 	powdered coal  feeder of t h e  screw 
type, D.C. motor driven wi th  
th;yristor speed control;  it enables 
to- change feeding r a t e  from 
100-900 kg/h 

C. 	 powder e jec to rs ,  feed l i n e ,  coal  
d i s t r ibu t ion  device f o r  d i s t r i b  u-
t i n g  coal-air mixture between 
four  in jec to rs  

d. 	 Scrubber which forms the l a s t  pa r t  
of the  combustion gases t r a i n ,  
where, the combustion gases a re  
cleaned from t h e  seed and s l a g  
before being exhausted t o  the  
atmo sphere. 
The necessary mass flow of water 
i s  6000 kg/h f o r  the nominal 
r a t ing  of 4 ?Ablt' thermal of the  
ins ta l l a t ion .  
I n l e t  pa r t  of the  scrubber include 
three rows of the  water in jec to rs ,  
nine addit ional  water i n j e c t o r s  
are placed in  the scrubber head. 

3. 	 The most important part  of the  retro- 
f i t t e d  i n s t a l l a t i o n  i s  the new con-
bustion chamber, f o r  coal, equipped 
with addit ional  s l ag  tank. 
Coal combustor has been designed and 
constructed based on,the following 
assumptions: 

- thermal power approx. 4 Wi - max temperature of the exhausting 
gases 2800-2900 K - a i r  enriched till 45Y~501/by weight/ 
preheated till 1300-1 500 K - minimum of heat losses  through the  
malls of the combustor - protection of wall by s lag l a y e r  - ma~imum in tens i ty  of heat r e laese  
i n  the combustor i n  order t o  
supress the r e l a t i v e  losses  by 
cooling- rapid devolat i l iza t ion of coa l  
oa r t i c les  of 40-50 urn s ize  by
in jec t ion  t o  thecstbeam of gas of 
1600 K- r a  i d  heating of coal  p a r t i c l e s  
103 deg/sec - rapid and uniform mixing of coal  
p a r t i c l e s  with a i r  and oxygen - use of dry coal; 

4. 	 I n  the  f i r s t  phase the  ex i s t ing  
pebble-bed oxidizer preheater i s  t o  
be used l imi t ing  the  maximum preheat 
temp. t o  1500 K, i n  the  next phase 
the  v i t i a t e d  a i r  heater  w i l l  be used 
with higher temperature of oxidizer  
preheat. 
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11. Experimental F a c i l i t i e s  
and Test  Hardware 

I. 	D e s i a  of t h e  combustion chamber 
The cross-section of t h e  combustion 
chamber i s  presented i n  Fig.2, and 
the  cross-section of t h e  i n l e t  sect ion 
i n  Pig.3. 
The combustion chamber a x i s  is  i n c l i -
ned 30 degrees t o  t h e  horizontal  l ine .  
The i n c l i n a t i o n  has been d ic ta ted  a s  
a compromise between t h e  high losses  
of t h e  v e r t i c a l  so lu t ion  /high losses  
i n  t h e  bend connecting chamber with 
the  %TIID nozzle/ and t h e  high s l a g  
separat ion a b i l i t y  of the  v e r t i c a l  
arrangement. 
The i n l e t  sect ion of t h e  chamber i s  
arranged a s  a s c r o l l  with A1203 
re f rac to ry  l in ing.  I n  order t o  
d i s t r i b u t e  t h e  a i r  a s  uniformly a s  
poss ible  the  s w i r l  blade apparatus 
i s  provided, made of S i c  blades, 
mounted a t  15 degrees i n  the  A1203 
cement. The veloci ty  of a i r  /enriched/ 
discharging through t h e  s w i r l  vanes 
i s  approx. 80-110 m/sec. The s w i r l  
vanes apparatus i s  shown i n  Fig.4. 
The main dimensions of t h e  chamber 
are  a s  follows: 

i n t e r n a l  diameter D = 0,4 m 
r a t i o  of length  t o  
diameter L/D = 1,45 
lenght of comb ustion 
volume L = 0,58 m 
r a t i o  of o u t l e t  from 
CC t o  d / ~= 0 9 4  

i n t e r n a l  diameter 

2, 	I n t e r n a l  s t ruc tu re  of t h e  combustor 

The i n t e r n a l  protect ion of the  
combustor wa l l s  i s  secured by the  
s l a g  l ayer  i t s e l f .  The in te rna l  
meta l l i c  s t ruc tu re  i s  provided with 
machined grooves and f i n g e r s  of 8 mm 
depth. The hollow spaces between them 
are  f i l l e d  with S i c  mortar of 11 mm 
th ickness  / 3.. mm over the  f ingers  -
surf ace/. 
The chosen th ickness  of the Sic i s  
u f f  i c i e n t  t o  maintain the  temperature 
a t  i ts  surface a t  approx.1270 K-1370 K, 
t h a t  i s  200 - 250 K below the f l u i d  
temperature of the  slag. 
It i s  enough t o  generate the  protect ive  
l a y e r  of the  s l ag  on  t h e  combustor 
walls .  
During experiments t h e  protect ive  
Layer of 2+5 mm th ickness  of thorough- 
l y  fused  s l a g  i s  observed /Pig.5/. 
A t  t h e  lower pa r t  of t h e  chamber t h e  
s l a g  tapping hole is provided, i ts  
diameter i s  I00 m. 
Fig. 7,8, %resent t h e  elements of t h e  
combustor. 

3. 	 Pulverized coal  feeding 
Dry pulverized coal  i s  s tored in coal  
bunker /hopper/ under pressure equal 

t o  the pressure i n  the combustor. 
Coal i s  f u r t h e r  supplied by t h e  screw 
type feeder and a i r  e jec to r  working 
with a i r  preheated t o  550 K. The s o l i d  
t ranspor t  r a t i o  of coal  mass flow t o  
the  transport  a i r  mass flow i s  
approx, 2,5. 
The coal-air mixture i s  transported 
t o  the d i s t r i b u t o r  i n  which it is 
being divided i n  four  streams /with 
accuracy of approx. 8%/ supplying 
the four  coal in jec to rs .  There a r e  
two p o s s i b i l i t i e s  of i n j e c t i n g  coal  
in to  the  combustor - f i r s t  wi th  four  
in jec to rs  s i tua ted  i n  the inner  
centra l  cone of the  combustor 
/see Fig.8/ and the  second with four  
i n j e c t o r s  s i tua ted  a t  t h e  outer  
periphery of t h e  combustor. 
The ax i s  of a l l  i n j e c t o r s  are  arranged 
a t  45 degrees t o  the  tangent ia l  
direction.  
The mass flow of coal  i s  calcula ted 
both from the  revolutions of the  
cal ibra ted screw feeder  and from t h e  
heat balance of the  coal, hot trans-
por t  a i r  and coal-air  mixture. 
The discrepancies a re  not l a r g e r  
than 6%. 

111. Operating Conditions 

I. 	Coal and ash analysis.  
I n  the f i r s t  experiments coal  from 
the  S i l es ian  Region /Bytom mine/ 

has been used exclusively. 

Proximate analys is  % 
Noisture wa 1 - 3,5 
Volat i le  Matter, daf,  30 - 36 
Fixed Car Bon 61 - 66 
Ash A 15,3 - 22,8 

Ultimate Analysis, daf % 
Carbon 80 - 84 
Hydrogen 4 ,5  - 5 ,5  
Sulfur 1.0 - 1 .5  

Ash analys is  

::;i$ % 

*e203 

CaO 


Coal p a r t i c l e s  size: 80% through 
90 p sieve /I70 mesh/ and 95,5% 
through 200 sieve /70 mesh/. 
Heating Yald?/ooal a s  
recOd/ 23100 - 26700 KJ/kg 
Character is t ic  temperatures 
of ash 
I n i t i a l  deformation 
temperature 1433 K 2 50 
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Softening temperature 1463 K jr 50 
Fluid temperature 1590 K 2 50 

2. 	 A i r  and oxygen: mass flows and 
temperatures of preheat. 
primary a i r  0,0556 kg/sec 550 K 
secondary a i r  
and oxygen 0,389-0,5 kg/sec 

1300-1500 K 

average temperat w e  

of oxidizer 1100-'I300 K 

a i r  enrichment /by weight/ 45-50% 
additional a i r  0,011-0,029 kg/sec 

300 K 

3.  	Coal mass flow 0,11-0,128 kg/sec 
seed feeding ra te  0,007-0,03 kg/sec 

4. 	 Combustion gases r a t e  0,5-097 kg/sec 
Combustion gases bleeding 0,015 kg/sec 
/by-pass through s lag tank/ 

IV. Experimental Resul ts  

During 1977-1978 period seven experiments 
have been carried-out of 34-5 hours of 
duration. Some experimental r e s u l t s  are 
c i t ed  below: 

1. 	Exhaust gas composition / typ ica l /  

% by volunie: 


N2-%9%; 02-2+3%; CO-?%; co2-29%; 

H2-1%; 


Nitrogen oxides calculated a s  NO2 
content: 3,895 5 g/m3 
/measurements by means of spectro-
colorimeter method/, 

2. 	 Temperature of the exhaust gases, 

downstream of sonic nozzle: 
2700-2900 K /measurements by two 
methods, namely: l i n e  r eve r sa l  of 
potassium l i n e  K 7665 8 and absolute 
in tens i ty  of the some l i n e  .of 
potassium/. 
Accuracy 2 50 K. Maximum temperature 
has been obtained with c& = O,92. 

3. 	 Pressure f luctuasions have been 
measured by induction pressure trans- 
ducer. ~aximum amplitude of f luctu-

a t ions  was i n  the range of 2% of t he  
t o t a l  pressure inside the combust or. 

4. 	 Coal burnt-out. Wiith & % I ,  and with 
residence time f o r  coal p a r t i c l e s  
about; 40-60 miliseconds. the  unb urnt 
coal amounted t o  0,2-I,@. 

5. 	 Seed-slag interact ion 

Seed was introduced as  a water 
solut ion of K2C03 heated t o  350 K, 
under pressure of 0,6 !,Pa. 
In jec t ion  of seed was secured by two 
in jec tors ,  one situated i n  ax i s  of 
the colnbustor and the second 
protruding from the side wall of the  
chamber and inject ing against the 
main flow. 
The amount of seed absorbed by the 
s lag was ra ther  high between 15% 
and 20%. 
It is  suggested that  the main cause 
of high seed losees i s  the entrain- 
ment of seed droplets /which have 
not enough time t o  vaporize/ by the 
l i q u i d  s lag layer on the walls 
of the  combustor. 
I n  the Table are presented the 
chemical compositions of ash and s lag  
from the samples taken in different  
points  of the instal la t ion.  

Sample 1: ash from the coal, 

as  received 


Sample 2: 	 slag from the center of the 
slag tank 

Sample 3:  	slag from the surf ace of the 
slag tank 

Sample 4: 	 slag from the bleeding 

by-pass /fine par t ic les /  


Sample 5: 	 slag from the scrubber 
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6. 	 Heat f l u x  t o  the  wal ls  
Typical heat f luxes  measured during 
the  	runs are a s  follows: 

i n l e t  par t  of conbustor 0,54 filW/m2
c e n t r a l  " " 11 0,44 P , G v / ~ ~  
o u t l e t  " " TI 0,69 prT?i/m2 
exhaust par t  0,65 hlW/m2 
exhaust of the  s l ag  0 ,3  lV%v/m2 
s ide  in jec to r  of seed 1 , 8  MW/rn2 

During the  f i r s t  20 minutes of 
operation they may be higher by 
20 	- 25% /no s lag protection/.  
Overall  heat losses  by cooling a re  
between 14% and 20%. 

7. 	 I n t e n s i t i e s  of heat release,  as 
calcula ted,  are following: 
r e l a t i v e  t o  the cross  sect ion of 

combustor: 


11-12 bfiV 

m2. atm 


dens i ty  of heat release:  


Additional data 
Combustion gases by-pass through
slag-tank 

approx, 2% 
Seed r a t e  re la t ive  t o  exhaust gases 
flow r a t e  O , 3 % - 1 , 0 %  

Slag removal ef f ic iency 71 - 76% 

V, Concluding Remarks 

Experimental r e s u l t s  indicate  t h a t  
s t a b l e  operation of a one stage coal  
combustor, d i rec t ly  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 wal ls  by 
s l a g  l ayer  is  highly e f fec t ive  and 
no damage has been observed a f t e r  
severa l  runs /approx 'I0 runs/. 

3.  	Heat losses  due t o  cooling of the  

combustor walls  have not exceeded 

t h e  predicted values and may be 

reduced t o  several percents  i n  f u l l  

s e a l 8  combustor. 


4. 	 The achieved i n t e n s i t y  of heat 

r e l e a s e  of t h  order 

of 15+17 w/J atm / - 50 MW/m3/ 
i s  very near the required i n t e n s i t y  
f o r  commercial application.  

5. 	 The percentage of seed absorbed by 
t h e  s l ag  i s  high, 15%- 2%, it i s  
supposed t o  be due t o  t h e  small 
dimensions of the  apparatus. 

6. 	 It now appears e n t i r e l y  f e a s i b l e  t o  
i n i t i a t e  development of a coal  
combustor of l a r g e r  scale ,  f o r  
instance 20-50 ibilll thermal. 
Development should adress  combustors 
with higher s l ag  r e j e c t i o n  / spec ia l  
s l ag  removal devices/, b e t t e r  seed 
homogenization and lower seed 
absorbtion by slag. I t  should be 
followed by in tegrated development 
of the  combust or-noz zle-channel 
system. 
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Big.6 	 General view of the  combustor 
mounted on s lag  tank 
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TEST STAND FOR COAL OR CHAR FIRED MHD -%STEM 

1 COPL BUNKER SMETALLC HEAT EXCHAffiER 

ZFEBBLE BED HEAT EXCHAffiER 10 
3HOT AIR UPELINE 11TJ RBOCOMPRESSOR 

L C O M W N  CHAMBER 124'8 RPEUN 
5 SLAG TAP 13WATER FU MFlNG STATON 

6MhD- GENERATOR 14 S Q A Y  CCOLER 
7ELECIROM4GNET 15LIW'D C%N STATION 
B~IFFUSER 

Pig. 2 Longitudinal cross-section 
of combustor 
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ig.7 	 V i e w  of t h e  in s ide  of t h e  
combustor a f t e r  run 

Fig.3 	 Transversal  cross-sect ion 
a t  t h e  i n l e t  of t he  combustor 

?ig.8 	 I n l e t  i n t e r n a l  p a r t  of t h e  
combustor. Two, of fou r ,  coa l  
i n j e c t o r s  a r e  v i s i b l e  

Fig.4 	 Refractory swirl vanes 

Fig.5 P a t t e r n  of s l a g  l a y e r  covering Pig.9 View of the o u t l e t  of exhaust 
the i n s i d e  wa l l  of t h e  combustor gases from t h e  combustor. E f f e c t  

of some re s idua l  swi r l  i s  c l e a r l y  
v i s i b l e  
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