glag was hoef out from the ash-leg water seals every day, The total welght
amounted to 892 pounds or 3-1/2 percent of the ash In the coel charged,

The remalnder of the ash, assoclated with the unreacted carbon, wes conveyed
with the gas through the malns, waste-heat boiler, cyclone, and wagher-cooler,
where most of 1%t was scrubbed out, Only & few gralns of dust per 100 cublc feet
wers left In the gas beyond this point. Some of the dust settled in the mains
or was trapped in the boiler and cyclone before the gas went to the washer-cooler,
This sccumulatlon wes satisfactorily removed with water sprays end giesm Jets
located at advantageous points,

As previously described, the fouled scrubbing waters flowed to settling basing
for clarification, Fach of these basins has & working volume of about 5,000 cuble
fest, Some 12,500 cublc feet of sludge waa collected in thess during the rum,
Thus, the basine hed to be cleaned out dwing the rum, The welght of the golid
matter (ash plus carben) was sbout 125,000 pounds. Apperently In continucus opera-
tion digposal of this low-denslty refuse wlll Involve a handiing problem.

The gasifler lining was Inapected twlice dally durlng the rm., Littls serlcus
ercsion wes noted during the coures of the run, There was some Increased vertlcal
furrowing on the esst wall of the north cone, some miscellaneous furrowing In the
south cone, and gome slag buildup on the steam ring. The maln body of the gasifier
appearad unchanged, For the condltions of opsration employed, which were more
moderste than for the majority of the previous rums, 1t eppears that the lining
would have performed matlsfactorily In routine cperation,

Mlgcelleneous Auxillary Studles

Gegifler Heat Losoes

The gasifier heat loases were studled to ald in the thermal enslysis of the
operations, An example of this analysis was given In a mreceding section, Deta and
Celeulations for = Typleal Run, and demcnstrates the need for the heat-loss Informa-
ticn establlshed by this study.

Heat losses from the gesifier, other than In sensible keat In the ezii woducts, .

ocourred st the inbernal weter-cooled elements in the gasifier and through 1ts walls
and shell, The water-couled elements accowmted for about 90 percent of the total
of tkese losses. '

Six heat-lozs teste were mads during gasification runa and one while the gasifief;‘f.;.‘- ’

wag on "standby" heatlng with natwal gas and air,

Heat Iosses to Water-Cooled Elements. ~ The main wabter-cooled ducts In the Sﬂsjfjgef
are the explosion riser, hot-gas outlet, and the three agh legs, Therc are alsc
twenty-five 2-Inch-dismeter peepholes. EHowever, the Jackets for these do not extend
through the full thickmess of the lining, as the others do, =nd the losses here have
bean foumd to be very smell,

In addition to these elements, therc axre the two water-cooled burner nozzles.
Different lengths have been uged In the gasification rvns, but in these tests, with
one exception, the nozzles with L-inch proJections Into the gasifier were used.

The cooling watcr for the gasifier was softencd water., The Individual flows
are indicated In figure 19, Each of the numbered llnes, except &g indicated, ruas
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Ash legs—~ ~— 19-South
=— Sluicing
water
Figure 19. - Schematic diagram of flow to water-cooled gosifisr elements.




Indlvidually to a eccllecting tank, where all the exit stremms Join, The gas-maln
cooling Jacksts are compartmented and scrved by the geparate flows as Indlcated,

Rates for the different lines were obtained by timing end welghing the couling-
= water exlt flow,

: The temperature of the water In and the temperatures out of the various

coollng points were obbained, With this and the flow Information, the heat pick-

up was calenlated directly. At the explosion riser no heat plckup wes found in

the sections above 12 (13 to 17), Heat plcked up In the hot-gas outlet In the
soctlons ssrviced by lines 7 and ¢ was used a3 a measwre of the radiatiom loss

to this duct, This was not sntirely rigorous but served as a compromlse selection.
Actual radlation loes from the gasifier would extend at leagt to ssotion 8, but

this grantlty will be accounted for to come extent by heat plcked rp in sectlons

7 and 9 frem the hot-gea flow, which 1s not a heat loss from the gacifier, Thecretlcal
heat loss by radlation from ths gasifier to this duct (see table 7) actually indicated
& loss somewhat lower than that obtalned from cooling waters from sections 7 and 9,
Other heat losses to water-cooled elements will be apparent by inspecting the sketch.
In addlitlon to thely water Jackets, the ash legs ¢lp down Into a ough through

which sluicing water is wmm; the heat pickup by thls water was found to be negligible.
e, Thus, lines 1, 2, 7, ¢, 10, 11, 12, 18, 19, 0, and 21 vero used to caloulate the

- total mezsured Internal heat losscs from the gasifier, The losses to cooling waters
during the geven tests are presented in table 6,

Heat losses From Shell, - Thess were estimated from skin temperatures and bty
heat conduction through the gesifier brickwork. Both methods gave & loss of aboub
100,000 B.t.u, per hour. This varisd little with the opermting rate or the range of
internal temperatures ¢bieined in the gmsificablon work.

Iogsens Irom skin tomperaturss were caleulated, using a method rroposed by
Trinks.2/ The heat loss s obtained from equation § = UAAT, where Q = total heat
loss, B.t.u. per hour, A ls the area of the shell, and AT 1o the difference belween
the shell and atmoapherlc temperanturea, A plet Is presented for values of the heat-
E, tranafor coefflelent, U, versus the difference between skin temperaturss and that of
the swrromding alr, S$111 sir is ascumed.

SkIn temperastures were obtained I'rom thermocouples walded on ths shell., They
rangsd from 1L0P to 170° F, with the gasifier operating. A heat loss was compubed

¢ for emch area swrowmding the thermocouple. The total chell area was 480 sguare feet,
A total of these shell heat losses wes sromd 106,000 B.t.u. per hour for rwm 38B.

A second test was rm In which the gasifier was heated by natural gas end "idled.”
The loss wus then 92,000 B,t.u, per hotr, In thls test the internal temperature wes
about 500° F. lower than in e normal coal-gasification operation,

The heat loss by conduction through the brickwork was caleulated, uslng equation

R R ) '
3 R A R
©, " ®,

here Q 13 the totel heat trenaferred, A is the mean srea hetween the Interior snd

Ttericr of the gagifler, emd A T 1s the difference betwcen Interior and shell

“mperatures. L and k arc the thickness of the particular refractory and its heat-

Yransfer coefflcient, respectively, As the gesifier was not lined miformly, the

Salenlation was made for several locabions, —

'WTI'iIlkS, W., Industris]l Furnaces: Jolm Wiley & Sons, Inc., New York, 3d ed., vol,
l) 193‘]'!'_! p; Sla
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The gum of the shell logs and losses to the intermally cooled elements 1Is
called the heat loss from the gasifier. These date plus gasifier temperatures and
coal-feed rates for the test periods are presented in table 6,

The thermal balance temperaturss are presented also, Note that they are lower
than the cone temperatures bub higher than the exit gas temperatures., Caleulations
on heat loss by radlation to the cold wall of the gas main (water cooled) indlcato
that the exit gas thermocouple temperature could be 1009 %o 200° F. low.

After the gesifier heat losses had been caleulated, the thermal balance fempera-
ture was determincd as the temperature nesded fo give the gasifier products the
‘degres of sensible heat, which, with the heat loss @nd heating valune of the gassous
products, would balenco the total heat put into the system., It 1s considered to be
the cns mogt truly representing the equilibrium operating temperature in the gaglfier,

In the rangs congidered in this study the gasifier heat lomscs show no clear
trend as a function of the operating (thermal balance} temperature. The spread In
;'hhe heat losses probably represents the limit of accuracy of the work. In view of
‘these conalderatlens, a total heat loss of 1 million B.t.u, per hour from the gasifier
g been used in all gasificaticn thermal caleulations, other then those for which
“the losees were specifically measured.

Heat Radlation [osses to Water-Cooled Elementg. - The heat lost to intermal,
reter-cooled elements in the gaslfier by direct radiation vas checked by the basic

formula,
Redlant heat, B.t.u. /e, = 0,173 (A) (E) (T - ) :]
1oo

100
where, A =heat receptive area, asquare feet,
E = emissgivity of ares A,
T and T7 = temperatures, “R., of hot body and area, A, respectively.

The receptive area of each water-ccoled duct wap taken to be that of lts cross
gection - this representing the maximum erea for radient-heat tranefer from ths
.Twrnace to ducts leading from Lt, The total exposed curface of the bwmers in the
rgaaifier wag used for their area. The emlssivities of the surfaces were mknown
factors and were assumed to be 1,0, 7T was the gasifler operating temperaturs, The
‘thermal belancce temperatures (table ) were used, T1 was the temperature of the cold
811, This was taken to be 10° ¥, higher than the cooling water In ths jacketls,

Rm L0B was selected to compare measured versug theorvetical heat losses to the
wa.ter cooled clements. The date are presented for the heat-loss poinis and thelr
Pfective areas, The cperating temperaturc was 2,320° F, Table 7 presents these data.

TABLE 7, = Heat logs to water-cooled elements

Effective Theoretical Meastred

Heat-loas area, heat loas, heat ings,

point aq. ft. B,t.u./or, | B.b.u,/hr.
Explozlion

cutlet 1.397 14k 000 é2,500
Hot-gas

eutlct L.275 1h0 ,000 549,000
Rurnevsa 1.572 161,000 230,000
Ash legs 6,506 673,000 64,500

Total 13,790 1,413,000 506,000
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The Fignres for bthe hot-gas outlet end the purnerg are of the seme order of
magnitude, Actual heat loss was yrobably highsr them the caleulabed velue, owing
to eemvection trensfer from gas flow.

Tramination of the surface of the explosion outlet after shwatdown ghowed it wd

+n be heavily crusted with rust. This probably' peduced the emiasivity factor con- -
siderasly, which would help explsin the Iower measurcd loss. '

+ yag noted durlng end after operationy that the ash legs were thickly ecoated
with gleg, Eeat loss +o them was probably centrolied by the heat-tranafer rate o
through & slag crugt, which would de conslderably less then by radiation to a sool

steel surface.

Ingvection of Gaslfiler Lining

The gaeifier interdlor was inspscted through peepholes after esch phort rum and “i
tywlee daily during extonded run 43, When 1t was wnut Gown end cooled off, the interick

was entered and curefully exsmined.

A temperaturs of 1,7000 F, or higher was malntained continuously in the gasifier.
from the time of 1ts firet heatup, April 1gLky, uniil after the laet run, April 1850..
At this time the gasifier was cooled down over & 3-week period. :

The total operating time tor the 4& runs wao 420 pours. Dwring these periods %
yemperatires of 2,2007 to 2 ,900° F, were messured in the gasifler. The highest tempe
atoreg obtained were In the cones. These normally ran 2,Lo0” to 2 ,600° ¥., but some=-
times reached 2,900‘3‘ T, As might he expected, the cone linings showed the most sev
attock, The main cyiinder of the gasifier, except for scome furrowing below the watl
cooled gas exit duct, was virtually waffected, ;

Up to ™o 356 only glight rounghness in the cong 1inings snd wear ln the brick
Joints had been noted, After rud 36 soms vertical furrows wers ongerved on the cast &g
wall of the north couc. pfter run 36 similar furrowe WETS noticed on tne east wall
of the south cone, In 36 the temperature in +he whttacked zons reee above 2,000

put it was lower in rum 38,

o3

peared to be somewhat

arter extended run 43 the erosion in the north cone &p
e brick, =nd there wers

deeper., There was conglderable rounding of the cdges ol th
gome random furrows along the top of thils conc.

The previous erosicon in the east side of the south coas appeared to be unchangel

bul some waghing had developed on the west face,

v short, and the lining aprearead have

The next few runs after 43 were ver
ite condition at the time of shutdown Wi

undergone no change dupring them, Thus,
gubstentially the same aid after extended run L3.

A deseription of the interior inspection and pictures teken after cooling the

gazifler follow,

arle Furrowing on the east
whigh are

%orth Cone. - The north cons (fig. 20) showg conslider
to be 1n @o%

Therc are 6 dlgtinct grooves running elmost the full semicgircie,

slds.
+ of the cone and its face appoar

ebout © ‘nches dsep and wide. The reg
condition.
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