The coal and oxygen requirements and the econcmic factors ere plotted againet
| tne oxzygen-coal ratios In figwres &, 7, end 8. The coal requirement is probebly about
E ihe minlmuzm at 11 cuble feet of coal, becauss when ln exccess of 12 cuhle feet there iz
enough oxygen to convert all the carbon to carben momoxide, and sny emovat beyond this
¥ yould begln burning synthesle gas, The oxygen requirement obviously goes o Infinity
Fep the oxygen-coal ratlo i increased to the point whers encugh ozygen is osupplied 1o
& urn a1l the carbon and net hydrogen in the ocosl to carbon dicxlde eand sbeam, This
Fagoumes complets converslon of the oxygen in the gasifier, and In none of thess data
fias there evidence to the contrary (sec gas 2nalyses in Appendix).

It aprears from the plot of the cconomic facter (fig. 8) that a minimim reguire-
Wt for Rock Springs, Wyo., coal and oxygen is achieved in the range of a ¢ To 10

Eoxygem~-coal ratio. Some of the points for this plot are gquite acatbiered, but the
fourve Indicates the general trend.

The economic factor cemnot be used as an Index of total operating cost, nor, In
I'general, can it be used to compare this gasifier with others operating under different
j conditions, 1t 1e useful primerily in comparing recults of a given gasifisr under

f varJots operating condlitions,

B cthod of Adding Stean

f. In attempts to Increase the gasification efficicncy variations In the method of
$adding steam to the gasifler were trisd. The object was to obtmin greater agitation
2 r ateam with coal to promote the carbon-gtesm reactlon and thus produce more synthesis
amy (00 + Hp) per unlt of coal and oxygen,

3 The pertinemt data from these rune are presented in tahle 3, fThe data are
plotted In figures ¢, 10, and 11, which slsc ghew the curves obtelned from the bage
fmns, 28 ncted under Ratlo of Oxygen ts Coml,

TARTLE 3. - Surmary of data from yuns mede with raried stesm sdditlon

Cerbon b, cual per | Std.c.f. Op per Average Exit g_a.g
Cxzygen- | conversion, | M std,c.t. M std,c.f. Econumic cone temp. ,
coal percent co + Ho o + Ho factor | temp., °F. °F,
10,1 82.8 38.0 38k 764 2,620 2,220
10.1 £0.0 43,3 iy 83.0 2,430 2,230
3.9 80.1 39.7 395 79.2 2,630 2,270
9.5 f0.1 39,2 383 s 2,640 2,325
5,8 81.5 39.5 388 78.3 | 1/2,5k5() | 2,180
1/7,165(5)
9.7 8.1 30,1 374 75.5 | L/2,250(W) | 2,250
1/2,635(8)
10.6 85.2 39.5 he2 81.7 2,090 2,150
10.6 85,5 39.5 420 81.5 2,075 2,135
10.6 gi.c 41.3 139 85.2 2,100 2,180
8.8 79.2 38.4 339 72.3 2,470 2,335
9,2 7.1 38.8 356 Th.b 2,335 2,355
10.95 8g9.8 36.3 397 76.0 2,665 2,405
9.3 81,0 6.5 3hp 71.0 2,280 {2)
g.3 81.5 36.5 339 70.b 2 240 (2)
10.3 85.1 36.6 376 7h.2 2,kes (2)
3.3 80,2 35.6 365 76.5 2,325 2,210

ge variemce due to unbalanced firing rate In opposing cones, TNT being Borth
: cone and "s" the gouth cone,
/ Temperature recorder oub of gervice.
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A description of the runs follow:

Run 19: Steem was introduced through 4 pipes with 1/8-inch nozzles on the tips
into the gasifier through sight ports in the berrel. Saturated stean at 50 p.s.i.g,
was used, About 50 pounds of steam per hour wes passed by each nozzle, Except as
noted, in all other respects thls run met the requilrements used for the sslectlon of
date for table 1,

P L S A A

Comparlson with the bage curves Indicates that thls rum was gomewhat poorer
with respect to carbon conversion end oxygenm snd coal requlrements, Rather than having
increased the steam decamposition, It appears to have acted only as & thermal durden
on the procese.

Rim 20: Thie rim was broken up inte a serieg of three. Exceplt for the auxiliary
steam, the condltlons were similar to those selected for the oxygen-coal ratio ana-

Iysea,

A. Auxilisry stesm was InjJected into the gasifier through 1/2-inck tubes im
the center of each burner nozzle., These tubes were originally installed for Intreducing -
natursl gas for heatup. Steam at 275 pound pressure was used and throttled before
entering the burner, About 100 pounds of steam per hour was fed Into each hurner, :

It was hoped thet by adding the steam 1n this munner en lntimate mixture of o
steam and coal would be obtained, which would result Ir increased carbon-steam reactlon, )

B, This part of the run was & repeat rin 19, to check and compare with other
gectlcns of 1te parent rwn, The came steam lances and guaniitles of gteam were uged,

¢. This part of the run was mads without auxilisry steam for direct comparlson
with results from the preceding two secticons.

Compared with the base curves (see figs. 9, 10, end 11), rune made with the
injected steam gave poorer results. The last part of the run (20C) was also poorer
for some resson, but still better then 20A and 20B,

After the rw the stesm ring In the south end of the gasifler was noted to be
in peor eonditlon, and it was thought to have had an adverse effect oo performance.
Both shoem rings hed been patched In run 8 but depreciated slowly in subsequent rums.
Eowever, the north ring was still in fair shape at this time, '

fun 21: To test the effect of the trcken ring in the souwth end, this run was . -

mede in two sections: (21A) Witk 3 burners operating in the south end and 1 burner '
in the north end (21B) with 1 burner operating in ths south end and 3 in the norih,

Tt wes reasoned that if the ring msds sny sppreciable difference, this would become
appsrent In the overall gesiflcation results. The results, as noted ir the summary

date., table 3, would indicate scmewhat better performence in run 21B, Thus, the broken
gteanm ring may have been beneficlal, owing posglbly to a more rendom type of stesm
Introduction, This was tested further in rwm 29, when the stesm ring vas removed.

Fiun 258: This rw wes cne of a special serles made with 45-inck burner nozzles.
It iz snalyzed separstely in s later sectlon on burner nozzles as a variant. Howevery
the data arc presented here to show the effect of atemm injectlon through The center .
of these buwrners, as In run 204. Bxcept for the longer burmer nozzles, the run <
conditions were similar, = 284 vas made with no steam Injectlon, 28B was made Vith_ :
about 40 pounds of steam per howr through each burner, and 280 was made with about
80 pounds per hour per burner, As in previous results wlth stoam inJsctlon, the
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:gffect geams to have been primsrily that of a thermal burden, the overall gasifica-

Yion efficiency declining with steam addition.

Run 29: As noted above for this run, the stean ring was removed from the south
f.nd of the gagifier. At the same time a flush burner was ingtalled In this end of
Yive gasifler to more thoroughly mix the steam at this point with the coal-oxygsn
fiream, A 16-inch projection nozzle was installed In the ncrth end, the 45-Inch

P ozzles having been abandoned after run 28. The results from this run are gemevwhat
Metter than indlcated by the base curves, although not enough to be slgnificent.

Rung 31, 32, and followilng: For run 31 one modified ring was ingtalled In the
®orth end, and in rm 32 a modifled steam ring was also Installed In the south end.
Fmese modified rings were designed to impert less spin to the entering steam, Run 31
s otherwigs similar to rwn 29. For rm 32 the flush bwmer In the south end wag

eplaced with a 16-inch burner.

4 No effect of the steam-ring modificatlon was detectible. These rings were
Einerefore uged In all later runs, and ne differentistlion wag made In the datu anelysis

4 these runa and thoge mads wilth the original ring.

g Fun 41: For this rn sheam superheated in & gas-fired coll was imtroduced Into
fine gusifier, uging a 1l-Inch pipe, which vag run through the center of the north burner
Eozzle, ending flush with the nozzle face, In run L1A, 450 pounds of steam was used

¥ hour, superheated to enter the gasifier at 1,000° F, The calculated inlet velo~
Eity was about 2,000 feet per second. In rum 41R the added gteam was 270 pounds per
Pour at 1,100° F. Velocity In this run was 1,300 feet per second. In all other
Fespocts the conditions of thls rwn conformed to the requlrements for the runs listed

in table 1,

= It was thought that the high-spesd Jet of superheated stesm, firing directly
through the core of both oxygen-coal flemes might ald in mixzing steem with carben
perticles to promote gasificatlon. The results seem to indicate some Improvement.
fovever, after the run slag was found to te plestered well back in the south cone,
Miviously, eontinued operation wmder these conditions was not feasibls, This line
pf test work was therefore dilscontinued, although the resulis indicated scme posslbllity
or improved gasification by modification of the method of introducing steam. Per-
' mors Pundementally, this may have Indicated an effect to be obiained by truly
frcreaged agitation of the reactants.

. Rune 45 end Lé; TFor these runs supsrheated steam was inJscted Into each ocxygen-
_ pipe at & point before the plpe entered the burmers. Much dilfficulty was experl-
ficed with erratic operatlon and flashbacks. Rm Ik was terminated wilth a flashback

@i=t burmed out a feed pipe. The next 2 rims were then made with 5 burners. Opsra-
ton during rm 45 was so erratic thet no calculatlons were attempted. Actually,
Ritondy operating condltions were never attained during the runs, as the steam-injection
Eetes were st1ll belng Increased when shutbdowns occurred,

= Eowever, "on stream" data for rums 4k aed h& were reported for comparlson,
Rlreso date Indicate no improvement In gaasificatlon over the basic operating per-
P ruance of the gasifler.

L

g Although many data in thls seriea are erratic, 1t was ooncluded that variations
‘ tha methed of steam inJection had 1ittle effect on the gasiflcation process cxeept
Biero violent agltation could be obtained. Mechsnical difficulties blocked further
.hldies of this naturs.

oA
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Conl Mesh Size

The runs from which data for the bass curves were selected were made with coml
grownd to pass 85 to 90 percent of the total through & 200-mesh sieve, I was reesop
that an improved gasification efficlency might result from an increasse In surface a-'feﬂ
por pomnd of coal, v

The existing coal-grinding system was modified to recycle coarse coal from the
eyclone hopper to the ball mill, Thus, only the fines that carried from the cyclon :
to the bag Fillters were collected for gasification. This procedure resulied In a : %
conl grind with e mesh snalysis of 92 percent through 325-mesh. Almost 100 percent”t
of the coal passsd the 200-mesh sleve,

This cosl was gasificd in rwm 36, Four-inck burmers were used with the modified:
gtemm yings, Other conditions of the run, except for the coal mesh, conformed to the
requirements for the base rumg (table 1), Although the coal feed, as Indiceted by <
pressure in the feed tubes and cone temperatures, appeered to be erratlc, the rm w i
made without incldent. Pertinent date, compered with dbase-run data mads at comparebis’
oxygen~coel ratlos, follow: T

Bage rung

rRm 36 18 238
Duration of T .v.scsmsesaass OT. 3 3 3/
Oxygen-coal ratio,.std.c.f, per I1b, 9.8 9.8 9.7
Carbon conversion ........ porcent £9.0 83.6 85.7
Pounds coal per M std.c.f. CO + Hz 35.1 37.2 3.1
Std.c.f. Op per M std.c,f. CO + Hp| 342 365 362
Econonlc FRCLOY cieievereneasanans £9.3 T3.7 3.3
Average cone temperature,......°¥.]2,535 2,625 2,650
Exlt gas temperature ..........80.[2,393 2,255 2 415

This comperilson indlcates that a real imprevement in performance was achleved,”
but the results of only one rm cannot be teken ss concluslve, i

Several attempts were made to repeat this rwm, but these wore terminated by &
serles of Claghbacks. This probably developed from the erratic feed cheracteristics
of the very fine cosl, It may have fluldized ai times and flowed through the screws
rether than having besn impelled, Apparently, only good luck permltted the firet rum
to be mede without Incidont, There appeared to be no way of solving the Aifficulty
wlth the screw feed system, so no further studles were made with the fine-mesh coalest

lLength of Burner Nozzles

The originel purpose of prolecting the bwrner nozzles out into the gasifler IIOY
& posltion flush with the stesm rings was to elimlnete the problem of slag drip overai
the face of the nozzles, which had cansed gome trouble In the early runs, Later,
studying veriables In gaslfler performsnce the question of the effect of burner-
nozzle length on gasification sfficlency was congldered.

Results of several rims made with U- or 1lH-Inch nozzles indicated that these -
two were interchangsable as far as the effects on gegification efficiency itoelf werl
concerned. In the dats analysis they have been so congldsred, S
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: Burner nozzles projecting 45 inches Into the gasifier were tested In rmms 27

and 28, This amouwnt of projectlon cerrled the nozzle face %o a polnt about even

L ith the base of the gasifier cenes, The nozzle was otherwise simllar in constructlon
io the shorter lenghh wmits uscd in the earller rms, Rums 27 and 284 were made
‘mder conditions conforming to those selected for the base rima (table 1). Rum 78
hes already been presented in the section on Method of Adding Steam., Tn runs 288

ad 25C auxillery ctesm was injected, For this reason only 2848 will bs conpldered In
this egection.

ons run (35) was made wilth flush burners to check the effect of thls varlable,
uwt further work was not pursusd with the flush burners, owing to the recurrence of
slagging on the nozzle faces, Data from these runs ere presented in table L,

TARTE 4. - Summary of data from runs mede with varions lengths of burner nozzlss

| Ib. coal | Std.c.f, 02 Avergge | Exit
Oxygen- Carbon per per cone gas
R coal conversion,|M std,c.f.| M std.s.f, | Economilc | temp.,| temp.,
Mo. |Nozzle | ratio percent CO +Ho | CO + Hp factor °F. °F,
7 | ¥5-Inch| 10.3 83.1 40.3 k13 81.6 2,000 | 2,200
fa | b5-~inch| 10,6 85.2 39.6 Loz 81.8 2,100 | 2,150
5+ Flugh 9.3 83.4 37.1 346 71,7 2,600 | 2,315

The L5-inch burner runs shew a merked drop in gasification efflclency, end no
ther work was donc with them. It was postulated that the greater possiblilitlss
or short circulting of the coal through the gasifler and the Increased thermal load
dded from the extended water-cocled surfaces of these burners confrlbuted to the
sorer performence, Scmewhat Improved performance wag obtained in mm 35 but not
ough to Justify further work In the face of the slaggling probvlem. The data from

ese rimg are plotted relative to the base cwrves (fig. 12, 13, =nd 1),

etio of Steam to Coal

The welght ratlo of steam to Gry coel sclected for the base rns was 0.8 o
2, In two runs (21 and 24} thls range was exceeded, and & sumary of the data may
e of intersst for comparison, These runs were meds wlth only 4 burner nozzles bub
1th a steam four eround 2,000 powmds per hour, normally used in the 6-bwmer runs
ecamse 1t was easler to adjust the comsl feed than the eteam flow, However, In one
w (33) employlng from burner nozzles the stesm rate was reduced. A summary of
e results of thils and the other two runs is presented in table 5, They are plotied

flguree 15, 16, and 17 with the base curves,

: The lower coel rates in these rmp resulted in reduced operating temperatures
table 5); they are plotted In Fflgure 18 with the bage-dats cupve, Higher steam
emperatures in runs 2 and 33 helped to offset the effect of the highexr relative
eat loss at the rediced cperatlng rates.




