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The ash conient of the very Tine residues 1z such that the wegte weters prob-
ably car be clerificd by seitling. Preliminary small-scale teet work has shown that
continuous centrifuges will effect virtually 100-percent clarification of the scrub-
ber waste waters,

As the work procesds, more informetion will be obtsined on the amounts of carbon
dicxide and sulfur removed by the scrubbing watcrs. At present exit-water tempers-
tures, the amounts of these materials removed are small.

DISCUSSION OF CPERATING EXPERTENCE WITH INDIVIDUAL EQUIPMENT
ITEME AND IMPLICATIONS AS TO FUTURE LEVELOPMENT

Coal-Feeding EQuipment

The operation of the coal Zeeder has been generally wvery good, and the control
and safety devices have functioncd well. BSeveral problems have developed that will
require further Iinvestigation before large-scele units can be designed, It is prob-
able that teil ges from the synihesis processes will be used for fluidization, in-
stead of iznert gas, 19/m+n large uwnlts. Furthermore, the increase in feedline sigzes
in larger scale operation will make feed control much zasier and mors accurate,

However, it will be nececcary to obtain more exact detu st higher pressures on
the effect of the sletic pressure level in the feeder on coal-feed rate, optimum ex-
traction Tunnel design, vessel shape as it affects optimm fiuidizing rates, dedust-
ing of fluidizing gasg, and recycle compressor design and muterials of construction.

It will also be sdvissble to determine the effect on the reaction- and product-
gas compoeition of changes in the CO, content of the fluidizing gas. Certain work
at low pressures has indicated thnat fine coal adsorbs large quantitics of CO
This adsorrtion alco sppoars to affecl the flow characteristics of the fluidized
coal,

Recyele Compressors

The original recycle compressor wus built by the Sawyer-Bailey Co, on the bas
of designs worked oub by them and our engineering scciicn. This unit iz a high-
speed centrifugal compressor with varisble-speed drive through sn electric motor,
The specisl feature of its design is its ability fo hardle a wide ranse of Tlows =at
varying static pressures The problem of effectively sealing the rotatirg shafis

~against gas leakage has been satisfarctorily handlsd by sn sdaptalion of the "bura™

seal. The unit has operated satisfactorily to date and ghows bub little wear from
the small amount of wvery fine dust carried over in Lhe recycle gas,

A second “ecyule compressor has been Installed as a spare unlt., This iz a
standard "Swtorbilt", positive, displacement-type blower bullt into a shell capable
of withstanding 600 p.e.i.z.

Coal Prchester

As previously mentloned, the coal preheater ils g simple pipe coil hested by
stegm. No trouble hes besen experienced iIn heating the coal- inert-gac mizture.

Tlow Control

The methed of coal-flow measurement - that is, use of differential pressure
mgasurement across a callbrated coil sectlon in the feed line - was found te he

12/ See footncte I,
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inherently scund. However, in a few of the tests, the indicated coal rate was ino-
correct owing to the inadequacy of certain awxiliary equipment {inert-gas supply aud
compressors), which made exsct pressure control impossible, Thege items sre being
corrected. In each case, all the cosl used waso welghed so that the indicat=d cosl-
Teed rates could be verified.

Steam-Oxygeon Superhesters

Original Stesm Heater

The first steam superheater was comstructed using both stainless-steel and
carbon-steel tubing welded intc & continucus eoil. Preliminary testing of the con-

densed steam from the University hesting plert had indicated that +his would be
suitetle feed for the unit,

In the early fests, the pressure drop through the unit was cxcessive; to improve
this situestion, sections of the lower carbon-steel coil were removed, ILater lesks
developed in the upper carbon-steel coil - the superheating section - and the unit
wag rebuilt.

The leakage appeared to be due to corrosion sttack from the inside at polnts
where the coll had been tack-welded together, Scme deposition of solids from the
feed water cccurred, although the concentration of solids in this water was under
20 v.p.m. Analysis of this materiazl showed & high zinc content, It cpoears that
the steam from the heating plant was actinz on the galvanlred line used tao bring it
to the condenser, This trouble was eliminated but not before the superlieeter coil
had been dammged,

Present Steam-Oxygen Superheater

This unit (fig. 13) has functioned well. Tests of the Feed water show low con-
centration of solids and dissolved oxygen of about 1.5 p.p.r. It is indicated that
even the steam condensate will need further treatmeni Lo secure satisfactory lile of
colls at the operating temperatures, 600° to 1,000° 7,

Oxygen-Steam Flow Regulation

When the oxygen or combined oxygen-steam flow ratcs are changed 4o suit the con- 2
ditions in the gasifier, there is a shori period of erratic flow while the unit is '
"balancing” out. However, use of a downstream, vilot-operated, preesure regulalor,
conbined with a hand-cpersted needle wvalwve in the cxysen-inlet line, hes kept the
Tlow steady enough for test purposesz. As mors opevating and design cxperience is
obteined, this difticulty may be eliminated,

The eguipment now available dees not allow preheating of the gasifier ucder
operating pressure conditions, Conseguently, the stcsm superheater must be raised
Lo operating temperatures while exbausting steam to the atmosphere. This has made
it necessary to use control valves on the hot oxyzen-steam line from supcrhester to
gasifier, Valves entirely sultable for this purposc have been difficult to find.
One valve that has operated satisfactorily for over 50 hours on 600° ¥, steam-oxygen
mixture end has been used previously for over 200 hours on £00° to 1,000° F. steem
shows no evidence of wear. This is sn outside screw giche valve; body material,
type 30k alloy steel, drop forged; disk and seat, type 304 modified alloy steel with
Stellitec surfaces. The outside screw type reduces chances for binding in thresads
owing to temperature. No lubricant can be used in these valves,
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In the originsl piping end contrel valve layoul for contrelling the cold oXygen
entering the heater, cne control wvalve burned out. This was a carbon-steel body,
stainless-steel trim valve, diaphragm operated, in which a silicone grease had heen
specified for stem lubrication. The exmct cause of ignition is not known, but the
evidence paints to the following: When the valve wes opened afier raving been frezhly
lubriceted, a spark wass struck by a emell metal particle carricd in the OXYECA Stream.
(411 lines hed been washed out.) This ignited the grease, and the high temperature
generated caused the carbon steel to burn through and the vulve broke or exploded.
Subseguent auxilisry tests showed that silicone grease could be ignlted in oxygen,

Since this accident, only brass valves have heen used for this service with no
Ivbrication.

Gegifier

Refractory Lininge

The early runs on the gasifier showed conclusively that direet impingement of
coal-oxygen stresm on the refractory lining, such as resulted from tangential injec-
tion, could not be tolerated. When the gasificr was relined {(fiz. 7}, it was thought
that heat losses could be kept Tairly low by using brick of low thermal conductivity
and retaining the liring, The results of tke test runs on this lining {(teste P-10
to P-14), however, showed that it would be necessary to arrive at a working balance
between the necessary heat releasa for adequate carbon gasification - 85 to 90 per-
cent - and heat lost to the wall coil to kecp the refractory face at & tempersture
8lightly under 3,000° F. The present lining of Carhofrax {silicon carbide brick)
has been used for nine tept runs, Date on the lstest anes at 300 p.s.i,z. are oot
Ineluded in this report owing to time limitations.

Throughput rutes have been varied from 588 +o 869 pounde of coal per hour at
85 perceat ar higher carbon gagilication, ard the interior volume of the gasifier
hes been mointained st 1.%5 cu, £, plus or mizus 5 percent. Owing to the present
construetion of the gasifier wall-coeling coil, & completely accurate estimate of
the heat losses through the refractory-lined section could not be obtained for these
tests but will be secured iater. However, estimates based on refractory thermocouple
temperature reudings indicate losses of 400,000 to 550,000 B.t.u. per hour or 600 to
900 B.t.u, per pound of coasl fed. These hest lesses should decrease markedly in
larger units of greater diameter, with resultant Improvement in the reguirements of
materials per unit of symthestis gas produced,

Cooling Coils

The cooling coils are made of 1-1/2 carbon steel tubing with g 0.165-1nch wall
thickness. Visual examination of the exposed sections of the coils (7ig. 5) irdi-
cated no particular corrosion. The coils were coasted with Apexior No. 1 protective
coating when the unit was instsiled, After each test the coiles were found heavily
toated with moist dust, (This dust coating is slightly basic - PH 7.2 te 7.5.)

The Apexior coating requires periodic renewal. The coil placed behind the ref'rac-
tory has not been exsmined for some time.

It is expected that the coil and the gasifier shell wall in this ares may he
Subjected %o ecid attack, owing to condensstion of suylfur- and COs-bearirg gases,
Present plans call fTor remodeling the wall erd support coil {(fiz. &) so that the
6ection behind the refractory will be separate from the lewer part. This will
fnable us to obtain accurate heat-loss data for the unit, When this is dene, the
Ccoil and shell can be completcly checked for corresicn results,
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When test conditions are more stabilized than they are at present, prestressed
metal semples will be placed in the gasifier and scrubber to check on corrosion,
Periodically the shell thickness of these units is checked with un Audigage, which
uses a high-frequency sound wave to dotermine metal thickness from one side. No
evidence of general atiack has yet been found, The thermocouple connections on the
gasifier, which are subjected to the action of condenszed moisture during stertup of
the unit, have not shown any corrosion.

Preheating Method

The gasifier is preheated b using s natural-gas - oxygen mixture st near atmos-
g P y

-pheric pressure., As a result, as noted in the section on operating procedure, the

refractory swrface cools rapldly when the gasificr is being pressurized, As shown

in the flowsheet (fig. 2), present plens call for instuliing 2z neturel-gzas compressor
80 that gas under opersting pressure may be passed through the coal tube for combus-
tlon. This procedure should make the startup of the unit essier and remove any pos-
8ibility of ignition failure. The unit can alse Le brought cluser to stable opergting
temperatures before coal feed is begun,

Cross-0Over Line

The gas-outlet line from the gasifier to the scrubber wes designed to carry both
gas and water primarily to minimize the thermal stresses in the gusifier shell. It
was felt that separate lines for gas end water would cause stresces thet mizht not
be foraeseen at the time of the destgn.

The connecting pipc between the shells is water Jacketed, and g high-pressurs
spray 1s used to sssist in keeping the materigl moving through the line. So far in
the operation of the pilot Tlant, there has never been any trouble from line stoppages,

Wasteo-Heat Recovery

This construction is cbviously not @ prototype of large-scale units, Tre whole
problem of recovery of waste heat from the rroduct ges will reguire further study,
The present gasifier is constructed so that design dsta for the gazification section
may be secured; and, at soze later date, the shell can be reodified to allow experi-
ments on waste-heat recovery.

Slag Collection

The collectiom and removal of §lag have not causcd diffieulties. The spray
causes the molicn materisl o disintegrate into small particles or bieces reserbling
glass wool., The finer materials carried over by the water strcam have not proved
varticularly ebrasive, The circular shield placed in the bottom of the scrubbor
(fig. 10} shows no signs of wear,

Scrubber

Water-Letdown Valve

The valve now in use (fig, 11) was designed and built in our shops, It was ex-
pected that the life of this unit might be short because of the gritty material pass-
irg through 1t; however, the heavier slag particles settle out quickly in +the geglf'ier
and scrubber bases, and the {iner material iz not too sbrasive., The valve is eroded
slowly, but it appears that, by using special alloys, & reasonebly long 1ife can be
expected, Other valve designs will be tried st = later date; 2 are venturi-throat
types designed for handling sbracive wmaterials and 1 & standard butterfly type.
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The problem of automstic level control, using the letdown valve, recuires mcre
study. The present flost control is subject to plugging from accumulations of fine
sludges In the flout chamber. Two other {ypes of level controllers will be fnvesti-
gated. This has not interfered with the test work, since water-tlow conditions are
gquickiy stebilized snd hend control is 8REY.

Packl

The scribber is filled with ceramic Raschig rings - 1 inch long, 1 inch a.g.,
with an 1/8-inch wall. No difficulty has been cxperisnced with stoppages in +he
packing, and the gas is remarksbly clean, Exact determinations of the dust content
of the gas have been Gifficult to obbain. However, the flame at the Tlaring stack

is virtuslly romluminous, and 1 test showed approximately 5 grains of duet per 160
cu, ft.

Ges-Letdown Valve

Thie is g standard-diaphragm, motor-opereted, control valve with positicner.
The valve seat and disk ere Stellited. This valve has not been dif'ficult ta oper-
ate, and the pressure on the gasifier has shown virtuslly no fluctustion. Yince in
large-scale units such & valve would be pluced so that only clean gas would be
handled, it does not appear that any problem exists here,

RESULTS

Principsl Caleulated Rosulis

Table L presents the principal calculated rosults of runs P-6 through P-22
on the high-pressure gusifier. The first five runs (through P-5), although very
useful for treining personnel and testing equipment operation, did not lest long
encgugh for obtaining data for extended caleulations and have not been included in
the t&blc. Runs P-6 tarough P-9 were also too short to establich eguilibrium con-
ditions but provided good indications of temperature, pressure, and output reletion-
ships; hence, their results have been included in the table but have been omitted
from the graphs discussed later. Results for runs P-6 through P-8 were celculated
from carbon balances hascd on observed welghts and analyses of coal charges and re-
2idues because no product-gas measurements were mude; resulis for all the other runs
are averages of calculstions from flow dsta and regidue data, becausc these averages,

&xpisined leter in the discussion of accuracy of results, are believed morc relisble
than either sget of flgures.

Rums P-6 through P-9 were made ot 100 P.s.1.5. gasifier static pressure, using
8 12-inch i.d. "Carbofrex" silicenm carbide fube (fig. 5) backed by insuleting cement.
The first 2 of these rume employed horizontal, tangential injection of all resctants
(coal, steam, and oxygen); the next 2 employed horizontal injection of steem =nd
vertical or axiusl Injection of coal and oxygen.

Rung P-10 through P-1k were made at 100 ».8.1.g. static pressure, but used s
12-inch 1.4, inner lining of B. & W.-80 fircbrick (fig. 7). Also, the four iumer

turns of the gasifier "support coil” were removed before these runs to prevent

excessive cooling of tho gasifier slag throst, such ss had occurred in previous
runs,
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Following run P-14%, the gasifier internal volume was redused by relining with
"Carbofrax” silicon csrbide arch brick to zive an 8-inch i.d., and runs P-15 through
P-22 were made with this new lining {Tigs, 8 and 9). Runs P-15 through P-17 were
made at 250 p.e.i.g. gasifier pressure and runs P-18 through P-22 at 300 p.s.i.z,
P-15 end P-20 have been omittcd from the tsble because of reaciant-nozzle failure
and P-18 becausc of a leak in a Ligh-pressure steap flenge. Run P-19 hss been in-
ciuded, even thoush a lesk in the stesm Superheater Jjust before the scheduled start
of the run mede it necegsary to cperate withoui process steam.

Referring to tahle 1, column 1 shows tie run number with tho besis for caelcu-
lating results, colume 2 the gasifier static rreegsure, and colwmm 3 the uwverage
volune of the refractory-lined space during each run, Columns 4 through 9 give rm
conditions, columns 10 and 11 input ratics, and columns 12 through 20 "product-gas™
data, The geparete percentages of carbon gasified, based on flow dats and on resi-
due deta, are shown in columns 21 and 22. Although separate values, based on Tlow
date and on residue data, are not given in the ltems shown In columns 18 and 19, end
25-28, these separste values have the same relationships to the averege valuee shown
az the individual values Tor carbon gesified (columns 21 snd 27) have to the average
values {column 23),

Colume 24 and 25 are of interest as indiceting the effect of gasifier pregsure
on capacity. Colwms 26 through 28 express ihe comparative economy of the process
by showing the coal, oxysen, end steam requirements per 1,000 std, c.f. of gynthesis
gas (€O + Hp). Columns 29 and 30 list the ash and total carbon contents of the re-

" sldue, experimentally determined from residue gamrples,

In view of the generally poor agreement between the quantity of reacted stesam,
as calculated from flow date, apd that calculated from regiduc data, the amount of
reacted steam is not shown in table 1. The average guantity of rescted steam ecal-
culeted for rms P-10 ihrough P-22 {omitting run P-19) was about 25 percent of the
Process stesm Introduced. The steam-coal retio for these tests was essentislly
constant at 0.3 pound per pound. The amcounts of reacted steam for individual runs
ranged from 16 to 28 percent of the process stesm introduced,

Cosl and Residue Data

Table 2 presents chemical analyses, calorific values, and ash fusibilities o :
the variocus batches of Sewickley-bed coal used Tor runs P-6 through P-72 and chemi- :
¢al eralyses and weight ‘distributions of residues Tor the same runs, The figures
shown are averages for groups of rume of the same type, rether than for individusl
runs, It zay be seen that, except for variations in ach content, the quality of
coal was reasonsbly constant, and such differsnces as did exiect rrobably would not ;
have had much effect on the orerating results, The ash~-fusibility determinations
were made in a reducing slmosphere, Tests using an oxidizing wimosphere have showmn
fusibility temperatures 100° to 200° F. higher.

The residue data show thet, for each 100 pounds of raw coal fed to the gagifier,
16 %o 21 pounds of resicue (dry basis) were collected or accounted for. Aversges
for groups of rinsg, rather than Individual velues for Eeparate rums, tave been used
t0 indicetc general trends rather then undue erphasis on isolated rums. Chemical
Sualyses of the residue (dry basis) show 50 to 75 percent ash, 25 to 45 percent
total carbon, and lese thun 1.0 percent hydrogen.

It msy be ceen (from table ) that the percentage of total residue ecollected in
the 8lag pot &t the hottom of the gagifier varied widely - from ahout 20 percent in it
s P-16 and 17 to sbout 78 percent in runms P-6 to 9. This vercentage distribution i
V8s sirongly influenced by the length of run. For example, in short runs, such as
P~0 through P-2, a high percenmtage of the total residus remsined In the gasifier slag
pot, whereas in longer runs a higher percentage of the residue passed in and out of

the gasirier slag pot end scrubber and was messured in the overflow water from the o
Scrubber, ]
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TABLE 2, - Chemical snalyses, calorific values, and ash fusibilities of

sewickley-bed coal, and chemical analyses eng welght

distribution of residue for runs P& through P-27

Runs averaged...........cvuuu.... F-6 to 9 P-10 to 14 P-16 to 17 P-19 to 22
Coal analysis, as-fired basis
8 Molsture..........o.ovuui... 1.6 1.6 l.2 1.4
§ Volatile matter....,,....... 33.0 3.2 3.7 3k.5
% Fized carbon,.,............. ba.9 Lo L 52.6 20.9
54 Ash. i i 13.5 14.8 1.5 13.2
o
Aydrogen. . .uuvvirunvnnnnn... 4.9 5,1 5.0 L7
v CBrbon......iiiiiuin 70.2 1/69.0 72.3 /w3
gt Nitrogen.................... 1.5 1.3 1.5 1.5
A O =L T 5.5 5.6 5.8 6.9
| T 2.8 2,6 2.7 2.0
B Ash, T, 13.5 14.8 11.5 13.2
Molsture....viusveennnann... 1.6 1.6 1.2 1.4
Caloritic value, B.t.u./lb,:
GI‘DSS....-..o-....--.-. R IQ;TGO 12:6JO 13}320 12:930
Rt 12,280 12,120 12,840 12,5h60
Ash-fusibility temp., OF.:
Imitial deformation.,,...... 2,270 2,170 2,200 2,220
Softening..........ovuu... .. 2,300 2,250 2,240 2,270
Fluidesorieirinninnnnnnnns, ?,3k0 2,330 2,320 2,340
Total welight of residuc collected
and accounted for, dry basis:2
Ib./100 1b. raw coal........ 16 16 21 19
Percent of ssh in coal
accounted for in residue, . 83 8a 86 8o
Chemical analysis of residue, dry
basis, percent:
Volatile matter,... ......... b 2 4 2
Fized carbon...u,viveinn..... 23 26 h5 3
ASh e i i e 73 T2 51 64
Total carbon................ 2h 2 45 3L
Hydrogen,... L bt sy, 0.5 0.5 0.5 0.5
Sulfur...................... 0.5 1.5 2.5 1.5
CDistribution of regidue, weight
percent s
Bottom of gasifier.......... 78 €0 22 Lo
Botton of Zerubber.,........ 3 6 3 &
Overflow water,,.,.......... 19 3k 75 52

1/ Vulues of total carbon for lopdividuasl runs, differing from the averages sShown

and uzed in the breparation of figure

Runs 10, 11 and 12, 62.2; run 13, 68.5
69.4, -

20, werc as follows, in percent:
;orum 1, 7165 mm 19, 715.; mm 21,

g/ Does not inciude ash deposited on interior walls of gesifier, or residue leaving
the scrubber as dust with the product gas.
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Table 3 presents screen analyses of Sew
for selected runs on the high-pressure gasit
termined in most instances b
graphs, and minor adjustments in Percentages of other
Rosin-Remmler relelionships.

ures on the residues obtained by this meth
trends and probably are more accurate than
sereen. It 1s seen that, except for run P-11,
same £ize consist, and the effect of this

cant in this run.

TABLE 3, - Screcn analysis

Although it

ickley coal ueed snd residues collected
ler. The ninus-325-mesh meterial was de-
¥ extrepolation, using Rosin-Rammler sire-distribution
Slees were mude by use of

18 realized that these slze-distribution
relationships for a brepared cosl do not necessarily apply for e residue, the fig-

cd will certainly indicate reletive size
those obtained by using a P%-mesh

the Sewiekley coal kad 2lmost the

miner difference was probably insipniri-

of Sewickley coal used and residues collectad

for sclected runs on high-pressure gasifier

BB MO e e sien i niiieieiennnn] 8 | 11 | ah ] 17 | 10
Source ' dereen sizel/ Bize distribution, welght -percent
Raw-coal feed +o0-mesin 0.¢ 0.0 Trace 0.1 0.1
~-S0+100 1.1 3.0 2.0 2.6 2.3
-100+1k0 L.L 6.5 2.0 2.5 2.6
-1404+200 7.5 12,0 6.9 8.2 T
-200+325 17,0 19.5 11.6 13.5 12.3
-325 T0.0 60.0 6.5 73.1 75.0
Residuc collected st bottom +1/2"(slag) 62.0 .0 0 .0 Negl,
of gasifier -1/2"+10 18.5 1.3 13.0 20.0 6.0
-10+50 6.5 £z 3Lk 28.0 k1.0
-50+100 1.6 16.6 13.8 i10.5 i7.5
-100+1h0 .9 1.5 hob L.o 7.3
~1h0+200 7 5.0 6.5 k. 5.7
-P004 325 g £.5 5.3 5¢5 7.0
~325 2.4 32.0 22.5 27.5 15.5
Residue collected at bottom -1/2"¢10 .9 2.5
of scrubber ' -10+50 {2) 204 35.3
-50+100 15.5 20,7
-100+140 7.0 2.0
-140+200 9.3 7.8
-200+325 9.2 7.2
-325 37.7 | 18.5
Residue coliected in over- -1/2"410 1.6 .0 4,5
flaw water Prom scrubber ~10+50 11.2 T.2 12,k
-50+100 9.8 16,3 19,3
-100+14h0 5.7 10,5 6.1
-150+4200 5.9 iz.7 T.1
-200+325 7.3 13.7 7.1
-325 58.5 39.6 23.5
Weighted average screen -1/274+10 6.8 6.9 Lo
anal, of residue ~10+50 20,4 11,9 34,9
-50+100 11.6 1k .3 20.0
-100+1k0 5.1 8.1 6.8
-1hosz00 6.2 9.7 6.6
-200+325 6.4 10.7 .l
-325 b3.5 35.4 19.7
E?h_fﬁe minug-325-mesh material wag determined in most instances by extrapolation

uging Resin-Rammler size-distributi
dges of other sizes were made b

2/ Unfilled columns not determined.
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The coarsest residue shown in table 3 wae that collected at the bottom of the
gasifier for run P-8. This run vas made &l a high oxygeu-coal retio of 12,3 s44,
¢.I'. per pound, aund &9 bercent of the residue at the bottom of the gasifier ocourred
as plus-1/2-inch slag. The residue in all instances is seen to be coarser than the
ruw-coal feed., As was expected (see daste on runs P-17 and P-19), that collected in
the overflow water was finer than thet collected in the gcrubber, which in turn was
finer than that collected at the bottom of the gasifier,

ACCURACY OF RESULTS

Initially, the ma jor emphasis in the high-pressure gasification tests waz gi-
rected toward obtalning an opersble test combination, that is, steady feeding of
coal, oxygen, and Superheated steam, producing synthesis gas of acceptable guality,
and securing slag flow without excessive refractory erosion, The exsct Teasurements
of temperatures, pressurcs, and f'lows, although always considered Inmportant, were
placed gecondary to making the gasifier operate, After toe Firet few yuns had indi-
cated equipment ang Procedure changes, which when incorporasted made rossible succesg-
Tul operation of the gasifier, the emphasis wes shifted gradually toward improved
efficiency of cperation and collection of data. Steps were tcken to increase tre
securacy und relisbility of temperature, bressurc, and flow measurements 80 as to
Provide sounder foundations *aor secondary calculations and analyses of results pfa!
determine optimum opereting conditions.

Frobehle Accuracy of Measurements

The most important measurements during coal-gasification runs are undoubtedly
the flow measuremerts of input reactants, product g4s, and residues., When the wa jor
emphasis was toward making the gasification brocess function and test rims were
brief, a S-percent, or even a 10-percent error in the Tlow messurement, though una
desirable, was not consldered sericus., About the time of run P-15, systcmstic steps
were taken t¢ Increase the accuracy and reliability of the Plow data. Although flow
celibration tects hag been made for earlier rung, independent checks on Tlow gquanti-
ties were not followed and should be continuous if' possible, Measuremsnts of indi-
vidual flows are discussed ag Tollowa:

Oxyeen Flow

Before run P-15, orifice meters used for measuring oxyger flowe were calibrated
against rotameter-type flow-rate indicators, snd the resulting calibration curves
were probably accurate witkin gbout 5 percent, Commencing with ryn P-15, theoretical
oxygen Ilows have been adjusted by calibration against s flow-prover-type meter, agnd
the resulting curves should be asccurate 4o about 2 percent. For the last several
ms, oxygen rates have heep checked by comparison with the consumption indfcated at
the oxygen Cascade storage unit, to provide @ means of guarding against accidental
errors in oxygen metering, Following rwun P-19, the accuracy of metering was improved
by installing orifice plates gnd Pipe of sizes that conformed better to the hecessary
flow rates.

Steam Flow

The theoretical curves for orifice meters used 10 measure water input to the
steam generator and euperheater {or combined steam generator and steam-oxygen Buper-
heater) are corrected by collecting ana welighing the water Pacsed through the line,
and this weight of water is assumed to equsl the welght of gtean leaving the Super-
hester, Water flows measured by the calibrated orifice meter should be accurate tg
gbout, & bercent, except where g lower—than—expecte& flow causes the tlew curve to
régister at a low point on the meter chart, when the probeble error is somewhat
greater,
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