me._.FTIES OF FUEL '

" ¥herc dry browm coel is usel the mom‘bure content is nnr—
mally reduces o about 8%, whilst grude usually has 2 to 3 moisture.
Since éuring qrbonisstion brewn coxl loser water, tor and other v'olo.tile
- mtter, the agh content of grude (22 to 28%) st 2lways be
greater than that (14 to 20%) of the dry browm coael, from which it is
made, The qalorific value of .3ry brown. coel is about 5,200 T.cals/T
net, and that of grude is between 5,400 and 5,800 T.cals/T net. The
sulohur ‘content is variable and this has a dlrect gffect on the HoS
conten of water gas. . : _

In evaluatlng the Winkler process and especially when com-
waring with cther processesg in other countries, it is essential to
remember. (a) that dry brown coal and gruile are both very reactive
fuels, reacting with steam snd (0o very quickly at comparatively low
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temperatures (800° t6 900°C), and (b) that dry brown coal end grude
are both comparatively cheap fuels, so that a good carbon utiliza- - -
tion efficiency is not so importent, especially if any ungasified
dust cen be recovered and burmt wmder boilers at something approach-
ing their full calorific value. Typical prices of raw brown coal
are 1 o 3 MI/T et the mine, and about 4 to 9 RM/T for dry brown ocoel,
after drying in neighbouring plents. Although the price of grude,
014 as domestic snd industrisl fuel, might be around 20 RM/T, never-
theless in a combined factory, where large quantities of brown coal
ter are required but where markets for grude are limited, so that
grude hac to be used as a boiler fuél, then ‘the yalue of marginal

_grude is that of the cheapest nltemative fuel, i.e. dry browm coel, at

sey 4 to 9 RM/T, end so grude can be charged to Vinkler generators at
sach prices. : , . :

GRATES AND GENERATOR BASE T
" TFuel is introduced into the fire-bed by water-jacketed

screw conveyors; there are three such screw conveyors on éach Brabag

generator. As far as we know fuel is nowhere introduced pneumaticelly,
e.g. entrained with Np or (02, although there should be no difficulty
about this. However, at some plants e current of (02 passes through

the conveyor, to prevent steam passing backwards, to cansé condensa- .
tion =nd chokes. The fecd rafe is controlled either by the speed of = _
the screw conveyor or else by the speed of the star-feeder, feeding { ;
into the screw-conveyor.' The fuel enters-the fuel<bed at points on.

_the same gide of the generator, about half-way up the fuel-bed; dist-

ribution of fuel within the fuel bed is left to the "boiling® actlon.
' | . ““The development of the :g-rate is interesting. ’nzé' earlier

4 Loune, generators had travelling chain grates (see Fig.6 amnd Ref.5)..

Since there is very little segregation of ash in the boiling bed, ex-
cept as lumps of clinker, this arrangement must have camsed a good :
deal of unburmt fuel to be dravm away at the base.  Very soon station—
ary grates.were used, originelly mede up of water-cooled bcams, btut

the water—cooling was soon founi to be umnecegsary and even undesirable;
these were replaced by fire-brick, but these were readily damaged by
slag adhesion end mechenically by the stirrer. - The present design of
stationary grate appesrs to vary from plant to plant and becemse of -
this our information may be confused. . ‘At Lema (Ref.10) the grate is
made up of wedge-shaped cast iron bricks, 400 mms.long, 125 mme.deep,
75 mms.wide; these are packed in threes with 1.5 mms. spaces left :
betwoen each set of three (sce Fig.8). The grates at Bdhlen''are
gimilar; Ref.2 says the bricks are about 300 wms.long, 50 mms.wide.

at the top, 25 mms.wide at the bottom; they are packed in threes,
with very fine openings (1.5 mmsor less) between every three.. At

Zeitz (Ref.3) similar bricks were used, about 75 mms. wide at the top,

it these may have been maie of fire-brick. S

.

Above this grate rotates a vater-cooled sﬁrrerm,, 4riven
from below via a -shaft, passipg up through the grate; at Zeitz this
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is of sgquere-section, ebout 6" x 6". This acts as = scraper, rather |

than as 2 stirrer, and its chief functisn is to sweep the larger

pieces of clinker towards one or two holes in the grate, threusgh which

they can be withdravn by mesns ¢f two wnter-coolel screw conveyors.
The speed of thie stirrer erm is about 1 to 2 r.p.m. The grate-ash
is dumped intc a water channsl nt Bohlen and sluiced away, but at

Zeitz it is collecte? in two amall hoppers an?d emptied periodically by
hend into amall bogeys on rails. Such 2sh may be anything from 2 mms.
to 100 mms. in size; it contains fro: .10 to 2% of the ash fed to the

generstor end contains from 20 t» 0% c-rbon.

The pre-mixed blast of oxyzen and steam enters the wind-box
un’er the grate anz nasses n through the grate, thereby helping to
keep it cool. Such a grate sives very good initial distribution of
oxygen an?d steam. ' ) S :

The whole grate nseambly, i.e. grate, stirrer mechenism,
wini-box and ash conveycrs, cen be disconnected from the gemerator,

dropped on to bogeys an? wheolel avey for meintenance, whilst a spare .
i 3 23 .

grate is inserted in its place. ‘This graatly reduces time off for _
maintenence. A gratc on its hogey can be geen in Fig.4.

Originally grates causel a good deal of trcuble, due to slag-

attack, -burning out and lecking stirrer armm, ut thesa have now a1l
been largely overcome. Good pre-mixing of oxygen and steam reiucel
the troubles and the “esign improvemenis, ns Jsscribed above, with
more careful operstion, cspecinrlly in avoiding excessive fuel bed

_tomeratures, have dene the rest. ic on examnle of earlier trcubles

at Leunz in 1932 we gunte Ref.6 p.20 : "Severc slagring at first
caused a pood leal of mointenence. The gratc of No.l generator wag
renewel at least three tim:s between June en’ October 1933; in
adiition it unlerwent S major repairs". = Again in 1935 2t Lewna
(Ref.10) No.Z generstor.vas shut “own for & weeks in Jonuary, whilst:
a nev grate was instelle?, but in October the same year it was shut

down for 3 weeks for grate repairs; No.4 generatcr was shut down for ™

over 6 veeks in Jmuary for repairs to grate an? stirrér and again
fer 3 weeks in Apri? for rerairs to stirrer; a new srate was in-
stalled in No.5 generctor in March, lLut the generator was shut dowm
for 11 .days at the end of the scne month for repairs to the stirrer.
i The length of time token for thesc repairs supgests that_at that
time the grates could not be rcadily removed and replaced,) It was
in 1975 thet Léuna chenged over to the use of cast-iron bricks, with
very satisfactory results. : ' -

At Zeitz it wos claimed that the gonerators could be run for
». week or two without mmy ash removzl at the boge; the ash or
clinker merely built up at ths bose, but 2id not hinder gas-making. -

~ fn important imprcvement has been made recently at Leuna, in
the development of a gratelesgs generator.  Although former troubles
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with grate ani stirrer had been much reduced some. still rénajaed,
notadbly at Leuna, due to relatively poor quality of fuel and to burm-
ing out of the stirrer; the grete an? stirrer were also by no means

- cheep items of Hlent. This was.the incentive for trying out a

‘grateless type of gemerator. Unfortunately there are not nony de-

tails of this development available, tut it dnes appear to have been |
a success. It was tried out first on the amaller No.l gemerator at
Leunc in 1941 an the large No.5 ginerator wns similarly wmodified in

1944, One of the generstors tuilt et Brix in 1942(?) is also of

the grateless type. The linse of tho gengrator is male conical en2
the oxypen and steam mixture is introduced through tuyeres in the
side of this cone. One investigster remorts having seen the base
of onc such generator at Leuna an? judging by the number of patches
the position of these tuyeres ha” been ~lterc? from time to time; it
is believéd that the final positions ore at a number of points helf-
way up the sides of the ccne. There is nc stirrer, but two screw
conveyors are fitte? to thc base, an? can be run intermittently for
removel of ash an? clinker. Leuna cleims (Ref.6) that the grateless

-generetor uses 107 less oxygen nnd 10% less fuel than the generator
-wlth grate, tut gives no ex;lenation.  T™e distribution of oxygen

an? steam in the fuel bed connot be so good with the grateless type,
but this would by nc means necessorily adversely affect the effic—
iencies. Fuel can be saved if the ungasified “ust carried evwey can
be reduced or if less oxygen hos o be introduced above the fuel bed,
since this tends to burn 0 an2 Hp to €05 2nd HX0, as well as burm
the dust. It would be interesting to hove more details of this de-
velopment but unfortunately tentrtive exrlanations can be rezarded

>

only a3 speculative through lack of information.

THE FUEL _BED - ' '

The denrth of fuel in the Yoiliny te2 is kept at 1 to 1.5 m.
It is controlle? primarily by the rate of 27Zition of fresh fuel, the
control being by hand, the oncrator working to the pressure differ~

entiel across the fire-bed, which is proportional.to the depth of fuel.

There are nlvantages in workine with thicker beds but the sdditional
préssure drop is an objection; with too thin' = fuel bed ‘there is too
much danger of losing the level, with consecuent oxygen Lreakthrough.

S The temperature is meintained as high as possible, in order
to keep down the (0, in water pas, but in practice a margin must '
always be maintaineg hettien the be2 temperature an2 the softeming
noint of ash. In generel the softening noint of ash derived from
brown coal is low and this limits the bed tammerature to about 9000 to
1,000°. At Zeltz they claimed to be chle to yun to within 200C of
the ach softening pcint. The ash softening point varies from time to
time, even when operating on coal from the some nine, end a prectical
way of emsuring the correct béd temperature is to examine the ‘ash; 1if
this is dusty the temperature can be raise? but if it shows signs of
clinker formation the temperature must be dropped. The- temperature
of the fuel bed is measured by sheathed thermocouples inserted through

-
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~the walls; .in Ref.10, however, a-tcst is described in which s bare .

‘couplo was fixel to the stirrer am and this showed 2 temperature 50°C

greater than the normal couples. C e -

" .. Bctuel temerature contrcl is effected by altering the blast
composition; more oxygen gives higher temperatures snd more steam
gives lower temporatures. = - . ‘ : .

. In practice little trouble is experienced at eany plant

- through clinker or slag formation, elther as the result of lorge lumps
collecting on the gratc or as matirinl builiing uwy on thé sides of the
generator. = Sometimes some slag sccumulates sbove the tuyeres, used -
to introduce oxygen above the fuel bed.: - -

e

. Ref.10 describes the formation of "bird «pests" on the walls
- and yoof of the Winkler generator meking power.gas in 1935. Using 4y
".bromn coal from the Elise mine,. with a fuel ‘bed temperature of 950° end
en exit, temperature of 1,000°C, conglomerates of fly-ceh, fusel to- _
- gether, ccllected on the walls en? roof; they were low in carbon con-
tent and somevhet sintered. When they became large ehough .- they broke
away and fell into the fuel bed; they were, however, so soft that they
were easily brokan up by the stirrer arm tnd the csh screw conveyors, .
en? so their formeticn was not ‘troublesome. T e

i
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Failure to mointein’a oreper fuel bed level might be. disastrous.
According to Ref.6 on two or thirec occasions the level was lost, .s0, that
oxygen broke through thc fusl bed end eppeared in the exit. gas; this
.led to ‘serious explcsicons in subsequent portions of the plemt. Fig.9, .
teken from Ref.6, shows the ccurse of oxygen break-through, as
followed by amalyses, as the fuél’ bed wumt’ away after addition of fresh
fuel hail been stoppei.” Therc is o ranid rise in the C02 content of the
exit gases, just béfcre free 0 wpnears, end this interval is pade use -
of to warn the operator; ¢ sample of the exit gases is bumt contin-
uously-in a smell flame placed in front of'a photo~electric cell; when
the oog rises sufficiently the flame is extinguished and an alarm is
sounZed; . the orerator then irneZiately shuts off the oxyeen supnly.

R L

.- ¢ " Great care must also be teken to see thet the stean rate does
-not fell below the required quomtity. As an aiiitional sefeguard, an
.indepeéndent supnly of steam is connecte? to the wind-box below the grate,
- which in emergency may be. openel up. - - ’ .

T TN Y

ON OF THE C - 3
.. At Lema great stress (Ref.6) is laiZ on the necessity of ob-
talning adequate mixing between oxygen and steam, and it is recommended -
that this be done at least 10 tc 15 m.. from the generator, preferably .. |
with the incorporstion of 2 restriction ‘plate or bend.  Feilure to = = . &
P ’}GChig::i good mixing lecads to uneven heating and clinker formation in =
" " the f bed. ' ‘ : ‘ - ' ) ,




- smeller proportions than-in the main blest.

-]2=

"The % age of 0y in the blast varies from 20 to %0%. 'm_e‘ k

".lower figures‘a;'e used at BShlen and Zeitz, amnd 40 to at Lema. .
1 eltion, the Hp/(00-+ 2 00p)
- ratic being 0.57 0. 0.59 at BShlen and Zeitz end only 0.51 at Lewna; -

This has a Iirect effect on the gas compo
gimilarly the ratios (Hp + 00)/002 are about 3.0 and 3.8 respectively.

This must meen that the Leuna generators are run at & hipher tempera=

ture, bit adiitionel information is inadequate to prove.or Ugprove
thie . ST v : o v

SECONDARY OXYGEN e
R “The so-called MUberwini" or secondary oxygem, added ebove
the fucl bed, fulfils two functions: - it is inten3el to burn off some

.of the finely divided fuel blown out of the bed end it is also in- -

~tended to reise the temperature of tho gases, s thet further cracking

of tar or hydrocarton# may occur and slso so ‘that steam and 00, may

. reect with some of the finely 4ivided fuel. Probably some oxygen

" reacts with water ges alreacy formed, but there is no doubt that -the

net effect is temeficial. The necessity for decomposing tar and
hydrocarbons is of course more im-ortant when ueing dry brown coal

“then vhen using grule. -

"Mhe froction of the totsl oxygen aided sbove the fuel-bed

. varies from 3% gt Leune (at eny rate with dry brown coal), to mot
" more than 0% at BShlen, down to 10% et Zeltz. It.is probebly signif-

icent that the dust content of the exit cases is least at Leuna and

grentest at Zeltz. Nevertheless owing to the chespness of fuel it
- 1 apparently still economic for Zeitz to blow over the dust and re-

cover it for use as.c hoiler fuel, i use the oxygen to better pur-
pose in the main blaat. | , A o

- _ ,Caie mﬁét be taken to avoid too high temperatures above the
fuel bed, otherwise limuid slag will collect on the walls; for this

renson it is usual to mix steam with the oxygem, -although often in

‘The volume of the gemerator above the fuel bed is importamt,

"' gince it governs the time availcble for the completing the reactions -
of ste=m and 002 with carbon and for completing cracking of hydro-

‘carbong an< tar. - -This woluge is some 15 times that of tho fuel bed

. itself, giving an aversge actual contact time for the gas of the
- order.of 7 seconds in pessing through it. - B L

The originel Lema generators hed t.hé upper,pérﬁon of the

generator enlerged t5 o bulb and some of these gemerators still'
exist. 111 modern gemerators, however, are. straight-sided but

heightened to glve the same volumé as the ‘013er degign. °_ It has beenf

gal? that this change was made solely on the grounds of construction

costs, although Dr Schadror at Zeitz stated that turbulence near the -

periphery of the bulbcus portion led to uneven times of contact at .
different points cf the cross-gection. o
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At Zeitz the oxymen-steam mixture is introuced 2 m. above the
fuel bed through twelve woter-cocled nozrles or tuyeres; these end

flush with the inside #nll nn? point exactly towaris the cemtre of the

generator. I! wes foun? by ohservaticn through sight-holes, that a
gas velocity of 8 m. per sec. through the nozzles was the optimum; at
higher velocities the flames ten?:l to strike ani demage the far-side
wall, whilst at lower velocities the flamés tenied to lick upwards on
to the trickwork lining shove the nozzles. In practice some clinker
Joes buill up on thu well above the nozzles, but it is of little -conse-
quence. In Ref,11 it is staoted that at BShlen the secondary oxygen
is a22ed at & noint only 0.5 m. ctove the point of ailition of fuel,
which itself is orly 0.7 m. above the grate; if the depth of fuel is

'1.0 to 1.5 ., this, if true, means thai the secon’ery oxygen is aljed

at.2 peint only just ahove or even at s point just below the fuel bed
level. ‘ ’ : . : .

Accor?ing to Ref.10 the water-cooled no zzles at Leuna were
very satisfactory in 1925. Originally they hed been coolel with
river water, but this le? to dezosits forming at the ends of the water

 passages, but from 1924 they were covled with circulating condensate.

The 2esign at that time is shown in Fig.104; they were in effect
Huilt up from threc concentric tubes; mention is also m2%e of an cx-

| nerimental Zesimm, shovm in Fig.10B, tc be trie? out in 1936, _

The temperetire in the space ebove the fuel bed As quoted. for
various installations as between 900° ani 1,000°€; this temperature -
is oartly n function of the ash softening point, but in gemeral it . -
licedove the temmometure in the fuel bel.. There is also a fell in
tepmerature towards the top of the generator, due to the endothermic

reactions ¢ccurring.

GIENERATOR BRICKTORK : o
The conlitions as regard tamserature are not very arduous oand
as long cs attention is neid tc gas velocities very litile trouble is
experienced with hriclwerk, cither that lining the gemerator or in
the rest of the lent. : : . :

YASTE HEAT RECOVERY | o -
As the exit gases leave the gemerstor at 900° to 1,000°C it ie

. obviously economic o recever this heat as steam and in all nlants

there is am elaborate installcotion of high pressure boilers, super-
heaters ani feel-water ecomomlsers, reducing the temperature to 200°

to 300°C. . ‘

Gases rass from the top of the generator down tc the top of
the briler through = long brick-lined nipe; at BShlen this has an

I.D. of 1.4 m., which corrcsponils with an actual, gas velocity of about

19 m/sec; these pipes cvs cheracteristic features of Winkler genera-

- tors, amd are readily noticeable in Figs.1l, 2 and 3.
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2t BShlen an? Ceitsz two-drum water-tube boilers arec used,
raising supsrheated stesm at about 18 ats (265 1b/sq.in.g.). A
tyzic2l arrangement is shown in Fig.1l. The lower drum is insul-
ated and hangs in the ges space. Tyo tbaffle walls from drum to drum
protect the cold down-flow tutes an also force tie gases to take a
- U-shapec peth. The gas leaves the boiler et.about 400°C and passes -
through an econcmiser, pre-heating the feed-water to th- hoilers
and being further coolel in the process. Dust tmwilds us in the
bottom of both the boiler and economiser, but this is not removed
except Juring overhenls; after a certain amount has accumulated the
gos velocities tecome hich enough to nrevent sny more settling out.
Accoriing ¥o Def.10 Leuns in 1955 had No.3 penerator fitted with a
17 ats. boiler an? Nc.4 generator with a 53 ats. boiler (800 1b/sq.in.g)
each canable of rriging 40 T/hr steam; some trouble was experienced
in 1935 due tc the sulphur-content of ;the gas and the high gas tempera-
ture, and on the 800 1b %niler, where they were attempting to run at a
stoam temperature of 460°C. the Sicromel 8 superhcater tubes had to be
replzced by zinc-coated Cr-Mc-steel, with better resul+s. :

. Seme troubls is experienced with ercsion of tules, end
special attenticon must be paid at 211 points to gas velocities, which
should be kept telow 8 m;/sec; velocities of P to 40 m/sec. causs
serious erosion. In genernl, however, these troubles ¢aly oceur if
the gencrator outpui is sc rmuch increased that the gas velocities
excee: the lesignél valucs; in most plants the waste heat boilers, as

-inst-1lec?, were the limitatien to output, due to this.

YRR L S e

Lt all Dlants the weight of steem reised by the waste heat
ioilers is at least equal to the weight of steem introduced into .the
cenerafor, but of course there is ¢ net credit for steam, becsuse the
steam introfuce? into the gemerator is at, low pressure, 10 to 25 1b/
Sq.1ln.g., whereas the steem raised is at elcvated pressure and can be
~usel as o gourcs of power hefore bein: exhruste’ as low pressurc stesm.



