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Characteristics of Large Hell Gate Direct-
Fired Boiler Units

By W. E. CALDWELL,1NEW YORK, N. Y.

Among the outstanding features which characterize this
boiler installation Is a capacity of each of the two units in
excess of 1,000,000 b per hr.  The direct-fired, slag-tapped
furnace with a twin arrangement of sectional header hoil-
ers above a single furnace is an innovation.  The building
that houses the two boilers, bunkers, and all auxiliaries
iIs 78.7ft b}/ 1065 ft and is 162 ft high, or a building volume
of 680 cu ft per 1000 Ib steaming Capacity per hour. _The
steam conditions of 275 Ib persq in. pressure and 725 F
temperature are the same as those prevailing in the re-
mainder of the plant. The circulation of each half of
the boiler unit, with its accompanying proportion of water
walls, is independent.  The superheater, economizer, and
air heater of each half of the unit are also_independent.
The air-inlet end of the air heaters and S|m|larl%/ the gas-
discharge end of the air heaters are connected to a com-

HIS boiler installation at Hell Gate
Station was erected as a_boiler-
room extension on land which was

raon plenum chamber to eliminate the fan auxiliaries
as a source of boiler outage. By this arrangement the
unit may develop about 75 per cent of maximum capacity
with half of the fan equipment idle. ~Aside from inngva-
tions regarding the twin arrangement, the boiler and fur-
nace aré of conservative design. Heat-release._ rates, ab-
sorption rate per unit of surface, and gas velocities enter-
ing the tube bank are moderate. Lar(]qe boiler drums were
provided in order to confine water-level fluctuations within
safe limits_regardless of the rapidity or range of load
changes. The visible range within the water glass ac-
commodates a 13 per cent change in the volume of water
contained in the boiler and water walls up to the normal
water level. This is_equivalent to 4.5 per cent of the
hOltJrIy output at maximum capacity on the basis of solid
water’

with a twin arrangement of sectional header boilers above the
common furnace is somewhat of an innovation. The furnace
IS the largest so far installed, and this is the first application of

limited in area_by existing structures agwttional "header boilers with the twin-setting or end-to-end

astreet boundary.. Thislimitationin area

necessitated a de5|Pn which would utilize

the site to the greatest advantage without

exceedl_ng_the fieight limit imposed by the

city building code. The quantity of Steam

necessary t0 satisfy the Installéd turbine

capacity was greater than could be pro-

o duced by the bojler-plant extension.  This

consideration rendered necessary an installation capable of de-

veloping the maximum rational "capacity. in the available space

in order to reduce the extent of revamping of the older boilers

which otherwise would be necessary. ~ As arailroad siding which

enters the turbine-room basement passes across one side of the

chosen site, It was necessary to ar_rangie the design to accom-
modate this sidetrack below the boiler Tevel. o

Among the outstanding features which characterize this in-

stallation conswtmq of two units is a_capacity of each unit in

excess of 1,000,000 Tb per hr. Direct-fireq, slag-tapped furnaces
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arrangement. _ , .

The building is 78.7 ft by 106.5 ft and is 162 ft high, housing
two units, and the ratio of building volume to hoiler'capacity is
680 cu,ft per 1000 Ib steaming capacity per hour. Correc mg
the building volume for the space devoted to railroad tracks an
court entry, the ratio becomes 636 cu ft per 1000 Ib per hr

capacity.

El\/ithythe limited space conditions, the flat-bottom slaggin%
type of furnace became almost a necessity. In the absence o
space for an ash hopper of the dry-bottom’type, careful thought
was given to the slag?mg furnace for the Frades of coal and type
of load to be encounteréd, Earlier problems with slaggmg ur-
naces at Sherman Creek Station had been experienced, and this
p|oneerlnq work left little doubt as to the attractive possibilities

of the sfys em. o .

The four mills and their auxiliaries are directly below each fur-
nace, while the forced- and induced-draft fans are immediatel
above the air heaters.  The coal bunkers are below the fan plaf-
form, from which coal is fed by gravity through vertical chutes

Power Comty the mill feeders.  Each chute supplies one mill and is provided

with a Richardson automatic scale ahead of the feeder, with re-
mote indication at the control board. These scales facilitate

accountln? and control, as well as testing.  There are two drag-
converer eeders per mill located_on the operating floor and ac-
cessib direct-

e from the control board.  The feeders are driven b}i
current motors from motor-generator sets with Ward
speed control.

eonard

Boilers

The steam conditions, 275 Ib per sq in. pressure and 725 F
ten\}\;)_erature, are the same as those in the remainder of the plant.
ith the end-to-end arrangement of hoilers over the common
furnace, access space was necessarK between the headers, and
a seal had to be provided between the furnace and this opening.
This was accomplished by bringing the bottom slag-screen tubés

under the bottom of the high-énd"headers and entering the op-
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Posne side of the header by a wide-sweep return bend in the
ube. This arrangement provides a water-cooled squort for
the protecting tile”beneath the headers and also the baffle be-
tween header-access space and furnace. The circulation of the
two boilers is not interconnected, and each supplies its half of
the furnace water walls, so that the circulation of each half of
the units is entirely independent.  The superheater, economizer,
and air heater of éach half of the unit are_ also independent, al-
though the discharge end of the air heaters is connected to a com-

Fio. 1 Oboss-Section op Boiler

mon plenum chamber. ~ This common-plenum-chamber arrange-
ment renders the installation more independent of induced-draft
fan outage, since the unit may develop about 75 per cent capac-
ity with_half of the fan equipment idle. The same general
practise is applied to the forced-draft connection to obtdin the
same benefits of diversity and availability. This combination
was obtained by a slight inclination of the air preheaters and by
the elimination of separating partitions. .

Aside from innovations regarding the twin arrangement, the

boiler and furnace are of conservative design. Heat-release
rates, absorption rate per unit of surface, and gas velocities
entermP the tube hank are moderate. The water capacity of
the boiler and economizer is rather large, and while the resulting
accumulator effect renders the unit somewhat slow in response
to_changes of rating, it has a very desirable stabilizing influence
with fluctuating loads. The 72-in. hoiler drums aré adequate
to permit wide changes in rating without danger of carry-over
from the drum. Large drum capacity is espécially important
with the moderate pressure and relatlvelg hlglh specific steam
volumes prevailing, In order to accommodate the swelling con-
tents of the boiler with wide increase_in rating. This removes
one of the possible limitations to flexibility and responsiveness,
since water-level fluctuations are confined within safe limits re-
gardless of the rapldltY and range of load changes, With ade-
%uate drum capacity, the feed-control problem is simplified and
the attention required by the operators is reduced to a mini-
mum.

The visible range within the water glass accommodates a 13 per
cent chan?e in the volume of water contained in the boiler and
water walls up to the normal water level. - This is equivalent to
4.5 per cent of the hourly output at maximum capacity, on the
basis of solid water. _ _ ,

The boilers are provided with three horizontal circulator tubes
per section, arranged to minimize discharge friction and insuring
an effective hydraulic head on all tubes. ~This lessens the likeli-
hood, of stagnant circulation, with the accompanying problems
and_ is of benefit from the standpoint of hoiler maintenance and
availability. The boiler drum s fitted with shutter-type baffles
for moisture separation. Saturated steam is distributed to the
superheater by means of a number of off-take tubes distributed
along the length of the boiler drum and connected with the satu-
rated-steam ‘header on the superheater. This arrangement
assures uniform steam distribution through the superheater’, with a
minimum_of pressure drop. The economizer is of the conven-
tional hairpin. type, while'the air heater is the standard tubular
type, both being arranged for countercurrent flow.

Burners and Furnaces

Each mill delivers to three cross-tube burners in a horizontal
row, distributed across the furnace width, there being two rows
at each end of the furnace, one above the other.  This provides
well-balanced furnace conditions with almost any combination
of mills.  Individual butners,mai/ be cut out by closing a valve
in the top of the mill, which diverts the coal and primary air from
that burner to the remaining outlets and burners. There is an
ol burner just below each coal burner, for ignition EurPoses only.
The Bailey water-cooled furnaces are, roughly, 41 it Ion% be-
tween burners, with a width of 34 ft and a mean height of 30 ft,
The furnace volume is 40,770 cu ft, giving a heat liberation of
about 35,000 Btu per cu ft, at 1,000,000 Ib'per hr evaporation,

The furnace hottom is provided with air cooling by forced cir-
culation from a centnfuqal compressor delivering ai at about 1
b pressure. Immediatély below the slag bed iS an |mPerV|ous
layer of crushed magnesite _sup_%orted on aporous layer of chrome
ore.  The cooling ir is distributed by transverse duets in the
layer of chrome ore, from which it is discharged into the furnace
at'the side walls above the slagi bed, The quantity of air used
for cooling is determined from the Bailey air-flow meters which
form a part of the regular operating equipment. _

The “preheated-air temperature being. moderate, permits
normal operation without the use of,tempermﬁ air and the atten-
dant manipulation re%uwed where higher prefeat is used. With
a direct-fired system there are many adHustme,nts_v,vhlch must be
readily coordinated, and in the interest of reliability these were
kept o the minimum.
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Fig.6 PartofBoiler Control Board

necting piping to a closed heater in the feedwater supply to
the bolers.

Control

_ Control of this installation has been brought to a central loca-
tion, with the necessary instruments and devices provided so that
operation I re,atI){ simplified.  The control board is illustrated
in Figs. 2 o7, inclusive. Practically all adjustments for start-
ing, Stopping, and changing the output are made from this con-

trol station. Sequence interlock relay protection is provided to
guard against flarebacks or explosions due to mechanism failures
or mishandling, _

_The installation is fitted with the same type of control mecha-
nism as that on the earlier boilers and is designed to operate in
conjunction wjth the other apparatus. Control may be changed
from automatic to hand, or vice versa, at will. - The importance
of the control board ig more apparent when the operations that
must be closely coordinated in starting are considered. ~Figs. 8
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and 9 depict graphically the seguence_ of operations followed in
starting the boiler from the cold condition and also the method
followed after a normal shutdown over the midnight watch.

The intent of this method of starting from cold is to apply
heat very (IJrad_uaII about the furnace, so that proper circulation
may be establishe th_rou%hout in order to avoid excessive tem-
perature stresses.  With the dlrect-f|r1n([1 arrangement, this neces-
sitates operating the mills for short infervals in rotation and is
conveniently accomplished from the central control hoard. The
boilers are started each morning on weekdays, at which time the
furnace is hot from the previols day’s opération and there has
been very little loss of steam pressure. Under these conditions

UNES*

Fig.7 One of the Mill Control Panels (2 Mills)

FSP-56-2 69

*ig.8 Starting Up From Cold Condition, Boiler 92

(v warm g et 04 R A iy 20 94 @ o

Fig.9 Starting Up From Warm Condition, Boiler 92
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bottom provides stronq ignition and minimizes the danger of
flarebacks with one-mill operation or under unfavorable” coal-
feed conditions. The boiler has been operated for sustained
periods at outputs as low as 200,000 |b_ per hr and as high as
1,080,000 Ib per hr.  Under test conditions these figures could
be considerably bettered at both ends of the range by means
well known t0 many operators. However, a riore “rational
basis of rating for daﬂa/ od)eratlon may be considered as from 300,-
000 Ib per hr'to 1,000,000 Ib per hr.

Responsiveness

Tests were conducted under the supervision of the manufac-
turer’s representatives to determine the rate of resRonse of the
mills for various changes in the feeder speed, togetner with the
time effect on steam output from the Doiler. These data are

oL
LINE

Fig. 10 Fuel Consumption, Starting Up From Cold Condition,
Boiler 92

the,unitgoes on the line within a few minutes after the first burner
is lighted.

Capacity and Flexibility

The maximum capacity of the installation is limited by the
fans and pressure drop through the superheater. With the aver-
age grade_of coal used, the mill capacity is near the limit when
other Ilmltlngb(;ondltlons are approached. The lower limit of
ou,tf)ut is established by the minimum practical capacity of one
mill, together with sepondaﬁy-alr leakage through the burner MIL-L-3
dampers of the idle mills. The heat radiated by the hot slag Fig. 11 Arrangement of Piping Between Mills and Burners

TABLE 1 TEST OF BOILER NO. 92, HELL GATE STATION—RESPONSIVENESS OF BOILER TO INCREASE IN LOAD
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indicative only, since it was not convenient to carry
out the tests ‘with the precision of an evaporative
test nor to entirely eliminate influences tending to
affect the result of the observations,

Some of these tests are recorded in Tables 1and 2
and are also shown in Figs. 12, 13, and 14. The
tests covered both increase and decrease in output,
with observations recorded on 15-sec intervals,
The time lag between the coal-feeder change and
the change n heat_input to the furnace was de-
termined Dy ascertaining the variation in C02in the
flue gas while maintaining a constant sup Ia/ of pri-
mary and secondary air. " The change in C02at the
boiler outlet commenced within 15 sec from the
start of the change in coal feed, and the stabil-
ized condition was reached in about 2 min. The
beginning of the change in the steam flow com-
menced from 12 to 18 sec after the change in coal
feed, and it reached the final value in from 25 to
45min. The shortest lag was obtained by giving
considerable overtravel to the coal feeders and b
adjusting the secondary-air suapl){ to follow the
change in coal suPpIy instead of following the steam
flw. The most_ rapid increase in output was
350,000 Ib per hrin & period of 25min. The rate
of the increase was 35,000 Ib of steam per hour per
mill per minute, or 140,000 Ib of steam per hour
per minute for the boiler. This increase in evapo-
ration represents 100 per cent change if referred to
the load at the be%mnmg of the change, and 14 per
cent char_u%e if reterred™to the maximum capacity.

Very liftle change is re?uw_ed In the primary-air
contrgl for the full range of mill capacity, and this
may be accomplished with one or two adjustments
for'the comPIete range. It is probable that a sim-
ple automatic control could be provided which . . . .
would mdependentl maintain constant air flow Fi9- 12 Time Lag |ndtr(1|e Change O%SIelaEw Fdl)owB A,{terggChange in Coal

: H o ee ncrease In 0a eed), boltler
tThrE?su%\r/]outlgelersglelrll tﬁg F?;gﬁg'gﬁlllﬁ’/ g}u acr?\ri]ﬁn[l)?ﬂa (Note: The Rate of Change, at top of diagram, should be 38,400, instead of 38,000.)

ging up and would 5|mpl|f>[/opera ion somewhat, “but operating  convenienced slag removal, due to_the chilling effect of the air
coriditions thus far have not warranted this refinement. drawn against the slag stream at hqh velocity through the slag-

FSP-56-2 1

Slagging

With the load conditions necessitating shutting down these
hoilers about e&ght hours daily on the midnight watch, a Problem
was introduced” in, sIaP removal. - This was somewhat aggra-
vated by the occasional delivery of coal having a high fusion ‘ash
and the necessity for running a’rather hl(%h furnace draft to pro-
tect the upper seal in the furnace against the furnace-stack etfect
and consequent gas pressure. - The'high furnace draft greatly in-

tap opeiing. The chilling of the slag necesSitated almost con-
tinuous usé of bars and hooks to keép the slag flowing, at the
expense of much physical labor, o
he situation was improved somewhat by the substitution
of water-cooled slag liners, to which the slag”did not adhere so
tenaciously. This Tendered the labor of cIearmg the slag spout
much easier, but still required, with normal grades of fuel, con-
stant attendance to insure a continuous flow.” Tests were made
with fluxes, and some improvement in slag removal resulted.

TABLE 2 TEST OF BOILER NO. 92, HELL GATE STATION—RESPONSIVENESS OF BOILER TO DECREASE IN LOAD
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change change eam in- feeder 0 . per. fir res i
by i b il Ty P B
eet! fee(! iff ént  Initial cHan Final  coft > mis s ly0 fer il S “i
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Fig. 13 Time Lag in the Change of Steam Flow After a Change in Coal

Feed (Decrease in Coal Feed), Boiler 92

The fluxes, however, did not seem to combine chemically with
the ash, but appeared to form an msulat_mq scum on the surface
which protected the underlym?_slag against the chilling effect of
the inrush air.  The method of introducing the fluxes was rather
crude,_but the benefit appeared to be physical rather than chemi-
cal, This also seemed to be borne ouf by the fact that fluxes
which should be expected to have little effect in depressing the
melting point appeared to have a pronounced influence in”pre-
venting chilling of the slag stream. , _ o

As gfinal corrective measure one slag opening and its receiving
chamber were encased, and means were provided for inducing
draft in this chamber during the slaggmg period.. By inducing
draft in this chamber greatér than that existing in the furnace
hot gases from the furiace are withdrawn with"the slag instead
of pérmitting cool air to exert a countercurrent effect on the slag
stream during its passage. This resulted in a marked improve-
ment in the Slagging operation, eliminating the frequent use of
hooks and shortenm? the time _re?m_red for'slag removal. With
this improvement, slag which is fluid enough in the furnace to
approach the opening may be readily withdrawn.

Cooling R ate

The boilers have a low radiation logs due, to tight, well-insu-
lated settings, with slag bottoms and tlght-flt,tlng uptake damp-
ers.  Observations made during a shutdown in Wwinter with low

Fig. 14 Time Lao in the Change of COj After a Change in
Coal Feed, Boiler 92

ambient temperature conditions prevailing are re-
Broduced in Fig. 15. The decline in presSure has
been used as a measure of radiation, and while this
is not a stnctlr accurate method, it is an indication
of relative value for comparison purposes. The
pressure in one of the boilers of the unit declined
more rapidly than the other, due to the fact that
damper leakage on that half was somewhat greater.
Immediately after shutting down there was a slight
delay in closing the dampers, after which, it maybe
observed, the pressure in the boiler increased due to
the absorption of heat from the hot slag bottom.

After about six hours the rate of change in heat
content of water in the boiler became nearly con-
stant, and this may be re%arded as a rough in-
dication of the radiation rate. This rate of radia-
tion is equivalent to about 0.2 per cent of the heat
input_at maximum capacity. This method of ac-
counting presupposes water temperature through-
out the boiler corresppnqu to the pressure and
includes the water equivalent of the metal parts in
contact with the boiler water.. Undoubtedly, a
Iarﬁe_prp[]or,tlon of the heat loss is due to unavoid-
able infiltration and damper leakage, and it is prob-
able that the hot slag bed acts as a heat accumu-
lator in reducing thé rate of pressure_logs in the
boilers. In any'event, the characteristic is_advan-
tageous in this installation, since it simplifies the
problem of starting the boiler daily after an over-
night shutdown,

Primary Air

The primary-air fans are located on the inlet side
of the mills with the mills oPeratlng under pressure.
The primary-air supply to the fans is taken from
the main air duct and’ protected against possible
backflow by light unbalanced non-réturn dampers,
In addition, the primary-air supply pipe is extended
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vertically a substantial distance within the air duct
50 that it does not communicate with any part of
the plenum chamber adjacent to the burier open-
ings into the furnace. As an additional precaution
a balanced relay is provided to cut out the mills
and other apﬁaraxus In the event the furnace pres-
sure exceeds the air-duct pressure for an appreciable
time interval,

TEST PROCEDURE

The tests were conducted by a staff of experienced
enqmeers_ under the direction of the en(runeer of
tests, with_ the cooperation of the manufacturer’s
reP,resentatlves. Special care was exercised in prepa-
rations and arrangements for the evaporative tests
to render the results accurate and reliable. Means
of measurements of some of the quantities are indi-
cated by illustrations and dlaqrams, and reference
v¥|ll be made only to some of the more important
items.

Coal

The weight of coal was obtained from Richardson
dump scales, with which each mill is provided. These scales are
adjusted to deliver 400 Ib at each dump, which rendered checkmq
very convenient by the use of eight 50-Ib test weights. ~ Frequen
checks were made on the balancé of the scale durmq the test, and
adjustment for impact was found unnecessary due o the uniform
texture of the slack coal which was used. At the beginning of a
run for a chosen rate of evaporation the exact time of a scale
dump to each mill was noted and the reading of the counter was
taken by individual observers. Thereafter, the counters were
read hourly and so continued until the end of the run, when they
were takeni in the same manner as at the beginning. o

The hopper and chute cagamty between the scales and mjlls is
about 5 tons per mill, or 20 ton§ per boiler,  With the uniform
grade of fuel used, there was little likelihood of appreciable error
introduced by this intermediate storage, due either to differences
In comﬁosmon or density. Variations in moisture and ash were
small throughout the serles of tests.

Samples of raw coal for moisture and Btu values were taken
every hour, simultangously. - The moisture sample was collected
in two 2-qt Mason jars, which were carefully sealed, One Hﬁr
was delivered to_the company laboratory and the other to the
manufacturer. The Btu sample was collected in a large can
equipped with a cover. At the end of each run the coal from the
can was quartered, and a sample was taken again in twrp 2-qt
Mason jars, one for the com?any laboratory and'the other for the
manufacturer. A sample of the pulverized coal at each burner
was taken hourly. A qgraded traverse of the coal pipe was made
with a sampling tube hrou?h which the coal samﬂle was dis-
charged into the pail. The fube was connected to the pail with
a conical sleeve made of 10-0z canton flannel, selected for its
ability to retain the finest coal. Pains were taken to make this
apparatus leakproof against coal dust. At the conclusion of a
run a careful sample was drawn from each of the three, pails seyv-
ing a sm(rqle mill and was collected in two 2-gt Mason jars, sealed
and labeled, one for the company and the other for the manufac-
tyrer.  Thus the fineness samplés for each run were contained in
eight Mason jars.

Feedwater

Feedwater was measured by means of venturi tubes and ma-
nometers. Two tubes were uSed—one of 600,000 b per hr capac-
ity In the east section and the other of 400,000 Ih per hr capacity
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Fig. 15 Radiation Test, Boiler 91

in the west section. In order to maintain steady flow for ac-
curate measurement with the venturi meters, boiler 92 was shut
down and blanked. off, so that the feedwater loop serving this
boiler could be utilized in passing the feedwater to the west side
section of hoiler 91. ,
~The manner in which the feedwater measurement in each sec-
tion was taken care of was as follows; A venturi manometer in
each section was placed at the boiler-drum floor level close to the
station of the operator, who, bK the manipulation of a chain-oper-
ated feed valve, maintained the reading of the manometer con-
stant as long as the water in the nearby gage qlass remained at the
allowable level near the center of the  gage glass. At the be?m-
nm% of each run it was aimed to have thé level in the gagie glass
in the middle, and the exact level was marked so that at the end
of the run it could be properly reestablished. Drum pressures at
termination of each run werg maintained as close as possible to
those existing af the start to obviate errors due to_changes in
heat quantities in the boiler contents. Both venturi tubes had
been calibrated, together with the manometers, before the test,
and they were found accurate within one-fourth of 1 per cent,
For readings beyond 800,000 Ib per hr, at which the capacity
of the venturi manometer on the west side was exceeded, a similar
manometer was emplored to read the differential on the steam
nozzle serving the west side Bailey steam flowmeter. A similar
arrangement was also used on the €ast side, but was supplemented
%y reading the reqular venturi manometer in the feedwater lines.
oth steam-flow ‘venturi manometers were calibrated with the
feedwater venturi meters. Temperature of the feedwater at
entrance and exit of both heater and economizer were read with
accurate chemical thermometers.

Fly Ash

In the measurement of fly ash, efforts were_ made to obtain
accurate measurement of losses without necessitating an elabo-
rate arrangement. At the hoiler outlet of each section a suitable
horizontal lane for sampling fly ash was chosen, as shown in
Fig. 16. This lane contained equidistant holes, through each
of which normally was inserted a movable tube drawing & sample
of cinder-laden gas in three different positions, as illustrated in
F|?. 17. Care was exercised in drawing this sample at the same
velocity as that of the qas at the_point of sampling. This ve-
locity was determined atthe beginning of the run witfa pitot-tube
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Flg.16 Section Through Boilergl, Looking South

(For key to Fig. 16, see bottom of next column)

traverse and was checked occasionally during and
at the end of the run. Temperatures of the (ﬁlas
at the points of sampling were measured with a
thermocouple at the same time the pitot-tube
traverse was made.  Forthe values of velocity and
temperature thus obtained a rate of ?as sanmipling
was read from a calibration curve for the indj-
vidual orifices serving each sampling tube. This
rate was determined by the pressure differential
across the orifice and” was maintained constant
throughout the run as long as the gas velocity, tem-
?_erature, and suction remained Unchanged:  Ori-
ices were calibrated with commercial gas meters
which in turn were standardized with a standar
gas meter provided by the gas company. In this
calibration” actual flie gas was employed. The
gas sample was drawn by means of an air-actuated
aspirator, as shown in Fig. 17. _

_This gas, on leaving“the sampling tube, was
filtered through a hag, contained in a carefully
sealed Mason™ jar.  The material of the bag was
10-0z canton flannel chosen from a selection of
other weights as the most suitable for its ability to
retain finést cinders without offering undue resis-
tance to the gas flow. The baﬁs were weighed be-
fore each run, the tare weight being subtracted
from the Ggross weight of bags containing cinders
at the end of the run, after a preliminary drying.
The resulting net weight of cinders divided by the
measured quantity of gas, corrected to standard
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conditions, gave the density of cinders in the flue gas. Fineness
tests and combustible determinations were made”on the cinder
samples that were obtained.

Flue Gas

Owing to the great width of the hoiler-outlet connections, six
gas-sampling tubies were employed. To simplify the problem
of gas analysis, an average sample was drawn from every three
samgl;ng positions of a given region and passed through a common
bubbling bottle to an Orsat aPparatus. Gas tempeératures were
measured chiefly with calibrated thermocouples. ~ Gas tempera-
tures in the_furnace were obtained by the manufacturer’s repre-
sentative with an optical pyrometer.

Steam

The (1uallty of steam entering the superheater at each section
was (etermined with four steam-jacketed calorimeters about
equally spaced. = The normal correction for this type of calorime-
ter is'very small, and since tests indicated a blank correction
of less than one-tenth of 1 per cent, no correction was applied to
the observations. Temperatures of the superheated steam were
read with accurate chemical thermometers. Steam pressures
at the drum outlet and the superheater inlet and outlet in each
section were read with the same calibrated gagesconnected to a
common manifold which served all the pressure points.

General

During the tests observations were made covering the perform-
ance of all major auxiliaries as well as the feedwater heater.

Fig. 17 Fly-Ash Test Layout

All gages were calibrated before and after the test, while the

Potennometer used with the thermocouples was calibrated be-

ore the test.  Tho tests here reported consisted of six runs, con-

ducted in the following order:

IE&atérggﬂ,Puration, hlrumber
1

Run No. of mills

FSP-56-2

Fig. 18 Refuse, Boiler 91

Fig.19 Fly Ash, Boiler 91

5
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Computations

Results of the tests were
calculated in accordance with
the latest issue (January, 1930)
ofthe Test Code for stationary
steam-generating  units, use
being made of Table S-4-b for
heat balance. To render the
heating value of the coal more
truly répresentative inthe com-
Putauons of the heat balance
or each run and by agreement
with the manufacturer’s repre-
sentatives, an avera?e of the
follgwmg three values was
used:

That determined by the
manufacturer for his sam-

le
Thpat_determined by the
United company for its

sample _

That from the analysis hy
the United company of the
manufacturer’s sample.

This method of averaging
_ , _ _ _was applied to the complete
_Prior to each test run the tubes of the boiler, economizer, and  coal analysis, both for the proximate and the ultimate, _
air heater were blown by means of soot blowers. Before startlnq Curves shown In Fig. 18 %lve in a graphic form, the approxi-
any test, the boiler was operated at the chosen rating for several mate relationship between the three components of the total as
hours, and secondary air was adjusted to give ap-
Proxmat_ely 15 per cent CO2 about V2 hr béfore ac-
ual testing commenced.
In the case of run No. 3, which was scheduled for
8 hr duration, it was observed that during the first
two hours, evaporation was improving " steadily.
This observation led to the belief that for this
higher rating than the ﬁrevmus ones the boiler
needed longertime to reach stable conditions. As a
result the orl%na,l run was prolonged by two hours,
and test No. 3a is therefore the official run.
Pulverizing characteristics, and mill limitations
at the time of the test made it necessar)( to employ
only three mills during run No. 1. 1t was also
these limitations that made operation at substan-
tially lower rating somewhat uncertain. The
maximum rating teSt was run in the evening, and
to avoid an unnecessary hazard the manual control
of the feedwater was dispensed with, recourse
being made to the standard automatic water regu-

The venturi manometers were read every 2 min.
Excess air was reduced to maintain about 17 Per
cent CQi for the purpose of reducing the dut?/ onthe
induced-draft fans. Smoke at the stack for this
ratmg_dld not appear to be of a prohibitive density
and differed very little from that observed during
the ﬁreced,mg run. _

The entire series of tests were conducted in close
cooperation with representatives of the manufac-
turer. Aided by their assistants, they made SUF-

Plementary obsérvations on the primafy-air supply
0 the mills, on the temFeratures of the Bailey
blocks on the furnace walls, and on the temperd-
ture of the furnace. Fia. 21 Recirculation Diagram, Boiler a1
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at various raths. . The “fly ash to uptake” component was
determined at all ratings by measurements.  The other two com-
ponents were determined on the following basis: For the low
rating, the “ash slagged in furnace” component was estimated
5 Per cent, this figure being substantiated by the experience
f the manufacturer, and the “ash shelved” “component was
etermined bx the difference; for the high rating, it was observed
that the “ash shelved” component was zero, due to high gas

£
0
d

Fig. 22 Cross-Section of Drum Showing System of Baffling
(Diameter of drum, 72 in.; thickness of wall, V/s in.)

FSP-56-2 n

Fig.24 Overall Efficiency, Heat Consumption of Auxiliaries
Boiler 91

Fig. 25 Moisture, Steam-Temperature, and Pressure Loss,
Boiler 91
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Fig. 27 cas Temperatures, Boiler 91

Fig.26 Draft Losses, Boileb 91

Fig. 28 Economizer Temperatures, Boiler 91 Fig. 29 Aie-Heater Temperatures, Boiler 91
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Fig. 31 Poweb Consumption or Mills, Mill Blowers, and
Coal Feeders, Boiler 91 (Total Consumption)

Fio. 32 Power Consumption op Mills, M ill Blowers, and
Coal Feeders, Boiler 91 (Consumption per Ton) Fig.33 Hourly Variation in Coal Rate, Boiler 91
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velocity, and the “ash slagged in furnace” component was deter-
mined by the difference. Although the “‘ash shelved’’ component
could not be accurately measured, its content of combustible
was determined from the samples taken from various baffles.
The content of combustible in the fly ash to uptake was deter-
mined by measurements, and the ash slagged in the furnace was
assumed to contain practically no combustible.

Figs. 21 and 22 illustrate various features of this installation.
The results of the test are given in a graphie form in a series of
curves and also in Table 3.

The general data on the major boiler equipment are included
in the Appendix.

The author gratefully acknowledges the assistance rendered
by his associates and the manufacturer’s representatives in the
preparation of this paper.

Appendix

DATA ON THE MAJOR EQUIPMENT OF THE 90-ROW BOIL-
ERS, HELL GATE STATION

Number of boilers, two
Year of installation, 1930

Boiler: Babcock & Wilcox sectional, twin, cross-drum, water-tube
type .
Drums: Two drums (one for each half) 72 in. diam, 17/s in.

thick, 40 ft 9 in. long
Tubes: 58 sections of 18 tubes 4 in. o0.d. No. 6 Bwg, 20 ft long in
each half of the boiler
Heating surface: 53,926 sq ft
Water walls: Bailey blocks mounted on 4-in. o.d. No. 6 Bwg
tubes, spaced on 6 in. centers; manufactured by Fuller Lehigh
Company. (The Bailey blocks are of three types, the refrac-

TABLE 3 TEST OF BOILER NO. 91, HELL GATE STATION, THE UNITED ELECTRIC LIGHT AND POWER COMPANY

Item
1 T 1
2 Date of test, 1931.. 12-2
3 Duration of test, hr 10
Fuel, Proximate Analysis (Dry):
4 Volatile matter, percent.........ccoveiiiiiieinann. 22.46
5 Fixed carbon, per cent.. 70.17
6 Ash, percent......... 7.36
7 Moisture (as fired), per cent 3.90
8 Heating value per lh Eas fired), Btu...... L. 14,012
9 Heating value perlb (dry), Btu....................... 14,581
10 Fusion temperatureof ash, F................c.oivuus 2,405
Fuel, Ultimate Analysis (dry):
11 Carbon, Per Cenb.......vvvvei e irrrnrennnienssnnisss 83.05
12 Hydrogen, per cent......c..ocevennnieeiunireananeens 4.45
13 Oxygen, POr CONt. ...vuer v einiaeeenneniarineaennnses 3.36
14 Nitrogen, percent........c.ooveuieiiiiiniiieiinneen 1.08
15 Sulphur, percent......cooitiiiiiiiiiiiii i i 0.70
16 Ash, per cent......cvviveenununnnmennocnoaeneoanannn 7.36
Pulverized-Fuel, Prozimate Analysis (Dry):
17 Volatile matter, per cent.......oovveeieicineraneanes 22.30
18 Fixed carbon, percent........ccovviniiiennionnannnns 71.76
19 Ash, percent...covivniieenenrenrrornonnoseenerenas 5.94
20 Sulphur, per cent........ccovvenerennereisanonnrennas 0.58
21 Heating value perlb, Btu.........coovvvivna .. 14,767
Fineness of Pulverized Fuel (as Fired): '
22 Mill No. 1:
Through 48 mesh, per cent... 98.5
Through 60 mesh, per cent. 93.5
Through 100 mesh, per cent.. 86.0
Through 200 mesh, per cent.. 63.0
23 Mill No. 2:
Through 48 mesh, per cent.......coovvevuivnnn . 99.0
Through 60 mesh PET CeNt..vvvrvsaenrennenenrunnns 96.0
Through 100 mesh percent.............iiniienn 93.0
Through 200 mesh percent.....coueriiiiriiiinians 77.0
24 Mill No. 3
Through 48 mesh, percent...........c.ciiveenine  eaan L
Through 60 mesh, percent..........covivvviiiinis tuunn a
Through 100 mesh, percent.....ccoooveiiieriinies aonas e
Through 200 mesh, percent......coveeieiiiarnenee  vaene @
25 Mill No. 4:
Through 48 mesh, percent.........ccovvvinenann 98.0
Through 60 mesh, percent............coeieviannnn. 93.5
Through 100 mesh, percent...............ccuun. .. 87.5
Through 200 mesh, percent..........c.coveuieannnns 64.5
Gas Analysis, Furnace:
26 COz, per cent 15.8
27 per cent. 3.4
28 6, per cent 0.0
29 Nz, per cent. 81.0
Qas Analysis, Botler Outlet:
30 COz, PEr CONt . evrereenerrenrnareonssessoconcaossans 15.2
31 POY CBOb. e vt ottt et e nreananssrearesssraasanaans 3.9
32 (5 DEL CONt. . e e eenseiereerarsossoassssonsnanaase 0.0
33 Ny POr CONb. ..ot et eiienrerasassseasensasssrasanss 80.9
Gas Analysis, Economizer Outlet:
34 CO2 POF CONb. .ot erveiveteiecanensetrasstsvnosananss 14.9
35 Oz, POT CONb. i ev vt tennerroroneecsrnstsssosnesnasas 4.1
36 (070 I T TS Y 0.0
87 Nz, PP Cont....cvvesiieierennossesensnsssneeinanasns 81.0
Gas Analysis, Air-Heater Outlet:
38 COz PEr CeNt. v v vvrerverararreasncossssosssssssoses 14.4
39 Oz, POF CBNb. 1 ev v vv i neorersrnssorsosocsosonnssnasns 7
40 CO, POT CONb v vnnvnssvrneseaareasriainaeanis 0.0
41 Na, Pereent..cocee oo inesreetssnscssvresssnsasnss 80.9
Gas Analysis, Induced-Drafi-Fan Qutlet:
42 COz, PEr CeNto v . vviasererancrsosossssuarassosrassane 13.9
43 O, POr CONb. ccv i v i irnrersrsonsesosoanssosesnansassan 5.1
44 Cé, PO CONb. .o v evinsncsscronsossnoncssssonnsses 0.0
45 Nz, POF CODt..vv vt vioeerneneonrsacenrsnssnssnssnsos 81.0

8 Not in operation.

2 3 4 5 6
12-3 12-4 12-7 12-8 12-9
8 8 8 6

22.57 22.37 21.94 21.39 23.01
71.28 72.37 71.62 73.18 71.33
6.15 5.26 6.44 5.43 5.65
4.15 4.15 4.55 4,20 4.90
14,200 14,350 14,055 14,285 14,130
14,814 4,967 4,734 14,809 14,855
2.425 2,435 2,428 2,448 2,445
84.35 84.78 84.10 84.83 84.54
4.49 4.77 4.59 4.54 4.49
3.29 3.50 3.15 3.41 3.57
1.17 1.18 1.15 1.16 1.21
0.55 0.54 0.57 0.59 0.58
6.15 5.28 6.44 5.43 5.65
22.00 23.00 22,40 22.60 22,50
72.38 71.44 72.05 72.26 71.97
5.62 5.56 5.55 5.14 5.53
0.60 0,55 0.55 0.56 0.60
14,842 14,811 14,808 14,889 14,808
99.0 97.5 98.5 97.5 96.5
95.0 92.5 91.0 90.0 90.0
89.5 88.5 85.0 82.0 83.0
70.5 74.0 59.0 63.0 63.0
99.5 99.0 99.5 99.0 98.0
96.0 95.0 96.0 93.0 91.5
93.5 92.0 93.0 87.5 85.5
78.0 74.0 76.0 68.0 65.0
91.5 95.0 96.5 98.5 96.5
85.0 89.5 91.5 94.0 91.0
81.0 81.0 85.5 86.0 85.0
66.0 63.5 60.5 60.0 63.5
99.0 97.5 98.0 97.0 97.5
94.5 93.0 91.0 805 o1.5
89.0 87.5 84.5 83.0 86.5
69.0 66.0 61.0 58.0 68.0
15.9 15.8 15.8 15.8 17.9
3.0 3.2 2.9 .3 0.3
0.0 0.0 0.0 0.0 0.0
81.1 81.0 81.3 80.9 81.8
15.0 15.1 15.1 14.9 16.6
41 4.0 4.0 4.3 2.4
0.0 0.0 0.0 0.0 0.0
80.9 80.9 80.9 80.8 81.0
14.8 14.8 14.7 14.5 16.0
4.3 4.3 4.4 4.8 2.9
0.0 0.0 0.0 0.0 0.0
80.9 80.9 80.9 80.7 81.1
14.2 14.3 14.2 14.2 16.0
5.0 4.9 5.0 5.0 2.9
0.0 0.0 0.0 0.0 0.0
80.8 80.8 80.8 80.8 81.1
13.8 13.8 13.6 13.4 15.2
5.3 5.3 5.6 5.8 3.7
0.0 0.0 0.0 0.0 0.0
80.9 80.9 80.8 80.8 81.1
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TABLE 3 TEST OF BOILER NO. 91, HELL GATE STATION, THE UNITED ELECTRIC LIGHT AND POWER COMPANY—Confinued

Test NOwviireeeeiiiienrsiiennseanenes Cereanenenes
Item

Dry Gas per Pound of Fuel (Dry):
46 Furnace, Ib......... PP eediereireas e
47 Boiler outlet,1b............... i eeveas
48 Economizer outlet lb ......... eeeienea Crereereean

49 Air-heater outlet, lb
50 Theoretical, 1b. .

Air Supplied per Pound of Fuel (Dry):

51 Furnace,Ib............. e et .
52 Boiler outlet, Ib................... e -
53 Economizer outlet,Ib............. e e .
54 Air-heater outlet, . e
55 Air supplied by coolmg blower, 1 < Z
56 Moisture in air, 1b per 1b air....... PN
Pressures and Drafts:
57 Water pressure economizer inlet, Ib per 8q in. gageb.....
58 ‘Water pressure economlzer outlet 1b per 8q in. gageb..
59 Steam pressure boiler, Ib per sq in. gageb...............
60 team pressure superheater inlet, Ib per sq in. gaged.....
61 Steam pressure superheater outlet, b per sq in, gageb
62 Pressure loss in economizer, Ib per sqin.b............. .
63 Pressure loss in superheater, Ib per sq in. b,
64 Pressurei loss between drum and superheater outlet Ib per
BQInb. .. e it
85 Draft in furnace, in water.............oovviiaiann., )
66 Draft at economizer inlet, in water....................
67 Draft at economizer outlet inwater...................
88 Draft at induced-draft-fan mlet in water..............
69 Draft at induced-draft-fan outlet in water.............
70 Draft loss, furnace to economizer mlet in water........
71 Draft loss, economizer inlet to economizer outlet, in water.
72 Draftt loss, economizer outlet to induced-draft-fan inlet, in
£ 11 ) S T T T T T T
73 Draft loss, furnace to induced-draft-fan inlet, in water. .
74 Draft loss, induced-draft-fan inlet to induced-draft-fan
outlet, in water......... ..o it
75 Pressure at air-heater inlet, in water...................
76 Pressure at air-heater outlet, in water.................
77 Pressure loss in air heater, in water...................
Pressurﬁa)at burner (primary air), in water (3 burners per
mi
78 Mill No. 3, Ao i et ittt ir e cen i eanas
Mill No. 1, B......... et ee e e
Mill No. L, C.ooooivve i v eeets . PO
79 MillNo. 2, A......ooovviiiiinne, PN
Mill No. 2, B.oioiiiiiiiiii ittt ciiiinennenas
Mill No. 2,C......ciiiiiuns. e et
80 Mill No. 3, Ao e e i e e
Mill No. 3, B..o ittt it i ieeanenieenan
Mill No.3,C....ocovivivnnn.. e,
81 Mill No. 4, A.....covveiilt e e,
Mill No. 4, B..oiiiiiii e iiieananeaanneenans
Mill No. 4, C.ooivii it i i
Secondary air pressure at burner, in water:
82 East duct....oiintiiiieniiiiieenncaonnnenennnn
83 West duct. ...ttt i
Temperatures:
84 Steam temperature at superheater outlet, Fo...........
85 Moisture in steam, per centh.....cvvuivrevennnia... ‘s
86 Superheat, Fb.. ... .. it iiienrnnaennnens Ve
87 Temperature of coal-and-air mixture at burners, ) S
88 Temperature of air entering air heater, wet, ¥o...... “es
89 Temperature of air entering air heater, dry, Fob.........
90 Temperature of air leaving air heater, Fb.......... RPN
91 Temperature of furnace (optical pyrometer), F':
Furnace temperature, floor.......... PN
Furnace temperature, flame.......coovierenrevenann ves
Furnace temperature under first row of tubesb..........
92 Temperature of gases leaving boiler, Fo................
93 Temperature of gases leaving economizer, Fo........ Ve
94 Temperature of gases leaving air heater, Fb......... e
95 Temperature of feedwater entering boiler, Fb...........
968 Temperature of feedwater entering economizer, Fb...,..
97 Temperature of fuel, F................... Ceeeteeneaa
98 Temperature of air surrounding boiler, F...............
99 Ternperature of air surrounding economizer, F.
100 Temperature of air surrounding air heater, F...
Primar, 1—)air temperature at burners, F (three burners per
milly:
101 Mill No. 1, Ao e
Mill No. 1, Booiiiiii e et
Mill No. 1, C....... TSN

4 Not in operation.
b Average reading for east and west boilers,

o

W O OOOH!“C-O(I) (=3
SHPON B ROWRHTOM B

on
tos-

P STD) 0Otk b
NDOW &R EGWOOOO

[ Lo

©
88

0.10

W WO OFOWNm

=YY
-
S

RORD b e b et gt ek et Bt et e et
-
o

[
3
@ g r—toocwtwg 5 c
O~ oMW

©
O OO0 OWOORER

(=10
-
[

BORD b DO et ek et o Bl ek B e e
f=]
0

+ o

[=X="1

DO GOt b ok ot gt o ok ot o ek
<@
o

FSP-56-2 81
5 (]
13.43 10.86
14.17 11.71
14,57 12,10
14.87 12.10
11.65 10.70
12.91 10.41
13.85 11.26
14.05 11.686
14.35 11.68
0.18 0.14
0.0104 0.0177
401.8 427.8
380.5 399.0
315.0 328.7
304.7 310.8
273.6 269.5
21.3 28,
31.1 41.0
41.4 56.2
0.10 0.12

6.4 6.7
8.3 8.7
11.6 12.3
0.0 +0.2
6.3 6.6
1.9 2.0
3.3 3.6
11.5 12.2
11.6 12.5
8.40 8.60
7.30 7.20
1.10 1.40
2.00 2.50
1.40 1.50
2.00 2.60
1.59 2.40
1.93 2.52
2.04 2.62
1.60 2.10
1.60 2.10
1.60 2.10
1.72 2.04
2.28 2.62
1.83 2.18
2.76 2.93
2.90 2.79
761.8 713.0
0.28 0.47
348.1 300.6
110 108

59 75

80 76
253 267
2450 2655
2773 2873
2496 2500
660 652
436 448
300 308
303.7 204.8
237.5 239.8
64 62
115 115
125 125
125 125
113 108
113 105
113 108
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Item

102
103

104

139
140
141
142
143

144
145

146
147

TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS

T N 1
Temperatures:—Continued
Mill No. 2, A 139
Mill No. 2, B.. 142
Mill No. 2, C.. 137
Mill No. 3, Avveiiii et e e i o
Mill No. 3, Boooiieiee e i e o
Mil No.3,C..oviniii i i e e e
Mill No. 4, A.. 134
Mill No. 4, B.. 136
Mill No. 4, 133
Hourly Quaniities:
Duration of teat, hr (repetition of item 3).............. 10
Fuel Fer hour (as fired), 1b:
Mill No. 1., oo i 12,748
Mill No. 2..... P 12,534
Mill No. 3......... e neieiiaei e asiannan eaean @
1 N 12,577
B0 37,859
Fuel f)er hour (dry), Ib:
Mill No. 1., oo i e 12,251
Mill NO. 2.t i eiiitte et iie i aiieeenanen 12,045
Mill No. Bivt it it iiie e e e e evan 4
Mill NO. 4o iiiii it i inen s 12,086
7 36,382
Combustion space per 1b coal per hr (dry), cu ft........ 1.123
Refuse per hour, Ib................... ... ..., 3,113
Actual water per hour, Ib:
East boiler...oootvviveiien i, 202,600

West boiler. .

Unit Quantities:
Heat absorbed by water in economizer, Btu per lb:

East boiler........ o ittt 49.6
Westboiler.. ...ttt 50.6
Heat absorbed by water and steam in boiler, Btu per lb:
Eastboiler.........cooniiiiina i, 970.0
West boiler......... R T T LR T 970.0
Heat absorbed by steam in superheater, Btu perlb:
ast boiler.......... et e e e 150.9
est boiler...... R T T O 145.2
Rate of heat absorption in economizer, kB per br....... 20,174
Rate of heat absorpﬁgon in boiler, kB per hr....... . 390,619
Rate of heat absorption in superheater, kB per br. ...... 60,140
Total rate of heat absorption by steam generating unit, kB
perhr.......... F R 470,933
Refuse:
Refuse, per cent of fuel (dry), percent................ 8.56
Combustible in refuse, per cent....................... 14.0
Carbon burned per 1b fuel (dry),1b................... 0.8185
Evaporation:
Rate of heat absorption per Ib fuel (as fired), kB........ 12.44
Rate of heat absorption per Ib fuel (dry), kB........... 12.94
Rate of heat absor%lon per 8q ft of steam-generating unit
surfaceper hr, kB............ ... ... coiiiiinn., 5.35
Efficiency:
Efficiency of steam generating unit, per cent........... 88.7
Efficiency of boiler and superheater, per cent........... 85.0
Heat Balance:
Heating value of fuel (dry) {pitcini o o 1088
Heat absorbed by water in economizer {petl"lééix't: RO g5g
Heat absorbed by water and steam in boiler {E:;lééh};' : 107"%32
Heat absorbed by steam in superheater { E’et;l cent. . .. .. 11’?52
Heat absorbed by steam-generating unit { ;])Set: cent. . . 128’24;
Heat loss due to combustible in refuse {g;l.’ cent ... 173
Heat loss due to incomplete combustion of carbon,
22 0.0
e T=1 T 41 T T TP g70
Heat loss due to theoretical dry gases {E::cent Q.g
Heat loss due to moisture in coal, moisture accompanying
theoretical air, and water from combustion of hydrogen, 495
T it nn s e e s s e
21 =3 3.4

@ Not in operation.

264,900
277,200
542,100

96,129
643,568
7.30

15.7
0.8320

12.32
12.85

7.30

51
3.5

16,263
16,868
16,820
17,300
67,251

0.634
4,565

341,000

347,100
688,100

62.4
62.6

950.7
951.0

826,995

7.08
25.6
0.8297

12.30
12.83

9.39

19,183
19,689
18,605
20,131
77,608

18,310

400,500
390,800
791,300

949,039
8,06
20.0

0.8249
12.23
12.81
10.75

86.9
82,2

21,778
21,710
21,074
22,226
86,788
0.47
6,203

455,200
468,000
923,200

87.4
67.9

927.7
927.6

201.9
199.5
62,457
856,408
185,271

1,104,134
7.15
.0

24
0.8312

12.19
12.72

12.54

TABLE 3 TEST OF BOILER NO. 91, HELL GATE STATION, THE UNITED ELECTRIC LIGHT AND POWER COMPANY—Continued

28,161
113,763

515,000
563,000
1,078,000

189,714
1,258,215

14.53
61.1
0.7566
11.06

11.63
14.30

74.6
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TABLE 3 TEST OF BOILER NO. 91, HELL GATE STATION, THE UNITED ELECTRIC LIGHT AND POWER COMPANY—Continued

Item
Test Nou .. cviein ittt ittt iiitieneneanesoasanes 1
148 Heat loss due to excess air and accompanying moisture
entering fursince {pofliis it o0
149 Heat loss due to air and moisture leaking through boiler, 24
economizer, and air-heater setting { er cont .o 0.2
150 Heat loss due to unconsumed hydrogen and hydrocarbons,
radiation, and unaceounted for p:;lcent gog
Eeconomizer:
151 Heat available to economizer, Btu per Ib fuel (dry)..... 1030
152 Efficiency of economizer, per cent.....oovveeravrinenss 53.9
153 Coefficient of heat transfer, Btu per aq ft per deg F per hr 6.26
Air Heater: '
154 Heat available to air heater, Btu per Ib fuel (dry)....... 836
1566 Heat absorbed bK air heater, Btu per 1b fuel (dry)...... 408
156 Efficiency of air heater, percent.............c.c....... 48.8
157 Coeflicient of heat transfer, Btu per sq ft per deg F per hr 1.92
Fly-Ash Data:
158 Combustible in fly ash, percent...................... 17.50
159 Gag perlb coal, lb................ 13.61
160 daeclﬁc volume of gas, standard cu ft. 12.56
161 as per 1b coal, standard cu ft.................... . 170.94
162 Cinders per 1000 standard cu ft of gas,lb.............. 0.1443
163 Cinders perlbecoal,lb....... ... ... ciiiiiannn..  0.0246
164 Cinders per 1b gas, o 0.00181
165 Heat loss due to fly ash, Btu perlbcoal............... 60
166 Fineness of flue dust:
Through 60 mesh, Perecent......cooeeieianaaiaaan. 90.5
Through 100 mesh, percent.......ccoeveevevnen.... 85.5
Through 200 mesh, per cent..........covovevvnn. .. 70.5
Through 325 mesh, percent........oovvvvvvenvennn, 56.0
Power Consumed by Pulverizers, Blowers, and Feeders (Elec-
tric Drive):
Power consumed by mills:
167 Mill No. 1L, KW, ..ot ie et cnee i ciien s 51.6
168 Mill No. 20 KW oooveerennn 00 59.8
169 Mill No. 8, kW. ..o ou ittt e e e 0.0
170 Mill No. 4, kw. .. ..o e iien 57.6
171 Total for mills, kw........ovviiiiiiiinennen ., 169.0
Power consumed by mill blowers
172 Mill No. L, kw. oo ovii i e e ivaees 47.2
173 Mill No. 2, Kw. oo ooenn oo 50.8
174 Ml No. 3, KW. .o it ii i iiiine et ce i innanes 0.0
175 Mill No. 4, RW. oot tiiniiiien i iinee i 47.6
176 Total for mill blowers, kw.........oovv e, 145.6
177 Power consumed by motor-generator set, mill feeder, belt
conveyer, and bottom cooling blower, KW erensenonnns 28.5
178 Total power consumed by electrically driven auxiliaries, kw 342.9
179 Power consumed by electn%ally driven auxiliaries in terms 163
17
of heat per Ib of coal {per cent heating value........ 1.2

Nors: Typical water analysis:
NaCl, 412 ppm.

tory-faced blocks, the rough bare-metal blocks, and the smooth
bare-metal blocks. The refractory-faced blocks are used in the
lower section of the furnace about 12 ft high, followed up first by
rough bare-metal blocks for the height of 3 ft, and then by the
smooth bare-metal blocks extending 15.5 ft to a point within
2 ft of the top. The top section of the Bailey blocks is 2 ft

* wide and is made of refractory-faced blocks. Smooth bare-metal
blocks are used in the vicinity of burners.)

Heating surfaces: Two downtake walls, 1880 sq ft;
walls, 2380 sq ft; total for water walls, 4260 sq ft

Total heating surface for the boiler and water walls, 58,186 sq ft

Furnace: - Width, 34 ft; depth (between burner sides), 41 ft; height,
30 ft; furnace volume, 40,770 cu ft

Superheater: Babcock & Wilcox return-bend type; two super-
heaters per twin boiler unit. (Each superheater consists of five
loops of 2-in. 0.d. No. 9 Bwg tubes, 107 elements.)

Heating surface: 5800 sq ft each superheater; total, 11,600 sq ft

Economizer: Babcock & Wilcox return-bend type; two economizers
per twin boiler unit (one for each half). (Each economizer
congists of 2-in. 0.d. No. 6 Bwg tubes, 24 tubes high, 24 tubes
wide, 30 ft long.)

Heating surface: 9200 sq ft each economizer; total, 18,400 sq ft

Air heater: Babcock & Wilcox straight tubular type; two air heat-
ers per twin boiler unit (one for each half). (Each air heater
congsists of 28 staggered rows of vertical tubes, 2!/ in. 0.d. No.
11 Bwg, 22 ft long, 75 tubes in each row.)

Heating surface: On air side, 30,238 sq ft each air heater; total,
60,476 8q ft. On gas side, 27,350 sq ft each air heater; total,
54,700 sq ft

Burners: Fuller Lehigh, cross-tube type; 12 burners per twin
boiler, six in each downtake wall, three burners per mill; 12
Babcock & Wilcox mechanical oil burners for lighting torches

Mills: Fuller Lehigh type-B pressure-type mills; four mills per
twin boiler; capacity of each mill, 10 short tons

two side-

2 3 4 5 6

74 79 87 105 9
0.5 0.5 0.6 0.7 0.1
46 48 56 64 58
0.3 0.3 0.4 0.4 0.4
706 681 444 549 723
4.8 4.6 3.0 3.7 4.8
1203 1368 1420 1554 1284
50.3 48.8 48.6 46.3 43.4
8.13 9.76 11.0 12.58 11.87
952 1051 1120 1294 1078
457 501 516 602 487
48.0 47.6 46.1 46.5 45.3
2.54 3.22 3.45 4.10 4.28
22.50 29.96 27.95 33.13 66.68
14,17 14.06 13.62 14.18 11.68
12,57 12.69 12.69 12.79 12,71
178.12 178.42 172.84 181.11 148.45
0.1934 0.2846 0.241 0.252 0.888
0.0344 0.0508 0.0415 0.0455 0.1318
0.00243 0.00361 0.00305 0.00321 0.01128
110 220 171 2 1280
86.5 82.0 84.0 83.0 77.0
80.5 76.6 78.5 77.5 69.5
67.5 62.5 67.0 67.0 63.0
55.5 52.5 57.0 55.5 33.5
58.7 61.6 69.5 81.3 98.0
59.0 63.7 66.5 82.0 98.0
41.0 56.5 60.5 79.3 86.0
56.3 66.2 74.0 92.7 102.0
215.0 248.0 270.5 336.3 384.0
44.8 44.0 46.0 45.3 48.0
49.2 49.5 49.0 49.3 50.0
46.5 47.0 45.5 45.3 42.0
46.0 48.8 43.0 49.3 46.0
186.5 189.3 183.5 189.2 186.0
28.4 29.4 31.0 35.9 38.8
429.9 467.0 485.0 560.4 608.8
148 125 113 111 97
1.0 0.9 0.8 0.8 0.7

Suspended solids, 1000 ppm; dissolved solids, 1030 ppm; total sclids, 2030 ppm; NaOH, 44 ppm; Na;CO;, 108 ppm;

Mill blowers: B. F. Sturtevant single-inlet, paddle-wheel type, 18
in. static pressure; one blower per mill

Fans: Forced-draft fans, two fans per twin boiler; each fan 150,000

* ¢fm capacity at 11.5 in. static pressure. Induced-draft fans,

four fans per twin boiler; each fan 125,000 cfm capacity at 17
in. static pressure. (Forced- and induced-draft fans for each
boiler unit are driven by two cross-compound steam turbines.
Each high-pressure element drives two induced-draft fans
through a reduction gear and is rated 974 hp at 7500 rpm.
Each low-pressure element drives one forced-draft fan through
a reduction gear and is rated 393 hp at 6000 rpm.)

‘Water-storage capacity: Volumetric contents of the boiler: Two
drums (up to the normal water level), 1039 cu ft; boiler tubes,
headers and nipples, 3756 cu ft; water walls (including downtake
and uptake headers and recirculating tubes), 1713 cu ft; total
6508 cu ft

Weight of water and pressure parts: Weight of water contained in
the boiler, water walls, and drums up to the normal water level
at 421.7 F (300 1b per sq in. gage), 343,000 Ib. Weight of water
contained in the drums at 421.7 F within the water column
connections, 58,000 1b; within the visible range of gage glass,
45,000 1b. Weight of pressure parts (in contact with water and
steam), 953,000 1b. Weight of Bailey blocks in the furnace,
220,000 1b. Weight of pressure parts in terms of the equivalent
weight of water on the basis of the ratio of the specific heats
of steel and water, 112,000 1b. (Note: Weights of water and
pressure parts are approximate.)

Ratios: Furnace volume per sq ft of water-heating surface, 0.7
cu ft. Superheater surface per sq ft of water-heating surface,
0.2 8q ft. Economizer surface per sq ft of water-heating surface,

- 0.3178q ft. Total water-heating surface (boiler and water walls)

per sq ft of boiler-room floor area (for both boilers, including
aisles), 14.8 sq ft. Building volume per 1000 1b evaporation at
maximum capacity, 636 cu ft.
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Discussion

H.J.Kerr.? A full discussion of the paper would require more
space than the paper itself, in which, like the installation de-
scribed, little space has been wasted and much material to work
with has been presented in a small volume. Although these
units are the first twin B. & W. sectional-header boilers installed,
we have in operation many single boilers of the same size and
capacity as one of the halves of these twin units. The idea of the
twin unit was not new, as units similar in principle but using
Stirling boilers had been installed in several plants. In shape,
these units are rectangular, with the mills and primary-air fans
below the furnace and the economizers and air heaters above the
boiler. They therefore permit maximum utilization of the build-
ing space. The design of these units is based on conservative
values for heat release, gas velocities, and steam capacity.

Only a few of the main features of these units can be mentioned,
such as the special slag-screen tubes, the large-diameter drums
with shutter-type baffles, steam circulators, slag-tap furnaces with
block-covered wall tubes, and pressure-type mills used for direct
firing.

The general principle of the boiler slag-screen tubes used with
these units was developed some years ago and has been used
extensively since then. In this design of boiler unit they permit
the placing of two boilers together over a single furnace, with
an access space between the boilers that is definitely sealed from
the furnace. At a million pounds of steam per hour, the heat-
liberation rate per square foot of equivalent cold surface exposed
to radiation from the furnace is approximately 300,000 Btu.
With preheated air at approximately 250 F, the temperature of
gases entering the first pass should be in the neighborhood of 2500
F, which is checked by the test data. The value of the boiler
slag-screen tubes as a preventive of slag difficulties is therefore
obvious, even when burning fuel having as high an ash-fusion
temperature as that of the coal used at this station, approximately
2450 F. Without the boiler slag-screen tubes, a certain amount
of slag trouble would be experienced. In other words, the boiler
slag-screen permits of the maximum combustion rate in a single-
stage furnace set by the limitation of slag on the boiler tubes.
For eapacities beyond those thus obtainable, it is necessary to use
the two-stage furnace, with its furnace slag sereen, such as those
that have been installed by the State Line Generating Company
and those that are now being installed by the Potomae Electric
Power Company in Washington, D. C.

The large-diameter drums on this installation are of interest.
By concentrating on the problem of moisture and carryover it has
been possible to bring these down to such quantities as to be
negligible. With the boilers described, operating at their com-
paratively low steam pressure, the moisture content is shown to
e below 1/, of 1 per cent at the maximum rating. Further de-
velopments have permitted the reduction of this percentage, in
later installations, to such a point that we now deal with two or
three parts per million, and we are pressing the chemist as to his
accuracy on one part per million. We have succeeded in obtain-
ing steam containing less than 0.1 of 1 per cent of moisture at a
rate of more than 16,000 Ib of steam per foot length of 48-in.-
diameter drum. Drum diameter will, in the future, no longer
be set by the amount of moisture in the steam, but rather it will
be decided by the amount of water storage required to handle the
variation in load necessary for any particular installation. This
requirement is well discussed in the paper, and the value of a
large-diameter drum from the standpoint of water-level fluctua-
tion is well covered. In the past there have been certain limita-
tions in obtaining large-diameter drums. The development-of

2 Chief Engineer, Service Department, Babcock & Wilcox Com-
pany, New York, N. Y. Mem. A.S.M.E.

welding processes and of material of higher tensile strength is
expected to extend this limitation in the future.

The paper calls attention to the three rows of horizontal circu-
lating tubes on these boilers. In this connection it might be well
to point out that the number of circulators depends upon certain
factors, one of which is the steam pressure. With some other
designs, it would not be necessary to have this number of circu-
lators, and, as a matter of fact, boilers are being constructed, of
higher capacity per section than the units described, that are
fitted with only one circulator per section.

The slag-tap furnace and block-covered tubes have been thor-
oughly discussed. Furnaces of this construction are in successful
operation in so many plants that little need be said about them.
Attention, however, is called to the fact that they are in successful
operation in this plant with eoal containing ash of high fusion
temperature and in boilers that are off the line each night. In
faet, it might be mentioned in this connection that, as compared
with normal central stations, the starting up and shutting down
each day of these large units constitutes very severe service.
The value of this type of furnace is also to be observed in the ex-
treme range in capacity, nearly five to one, as mentioned in the
paper. Its value as it affects the cubical contents of the station
is of course obvious.

The direct-firing pulverizers used at this plant are of the pres-
sure type and were among the first of this type to be installed.
The pressure type of mill was adopted for this installation to
simplify various factors, and since then has been generally ac-
cepted as a standard because of simplification of coal distribution
and piping, use of fans handling air only, instead of exhausters
handling abrasive coal dust, reduction in fan power due to higher
fan efficiency, and ease of control.

The test data show a high carbon loss with the boiler operating
at a capacity of 1,078,000 1b of steam per hour. This was due
to the fact that, at this capacity, the steam unit was operating
34 per cent above that contemplated in the mill design, with the
result that the fineness was decreased. Subsequent changes in
some of the mills have shown that even this capacity is obtain-
able, with high fineness from the mills and low carbon loss.

The ball-bearing principle of pulverizing as used in these mills
is ideally suited to the art of pulverizing coal. The correctness
of this principle of grinding has been demonstrated in many and
varied applications.

Relative to the variation in superheat temperature from 700
tc 760 deg, with the rating changed from 500,000 to 1,000,000
Ib of steam per hour, as shown by Fig. 25, this variation in super-
heat can be materially reduced by a variation from standard in
the operation of the burners. This method of taking care of the
natural drop in superheat that takes place with reduction in
rating is being used extensively where superheaters are not fitted
with desuperheaters. The author is requested to cover this point
in his closure.

The success of these boiler units in developing their high ca-
pacity may suggest to some the question, “What is the limit
in capacity?”’ Although present practise tends toward the use of
high steam output per foot width of furnace in single boiler
units, and we could today furnish a single unit having the same
capacity as the twin units at Hell Gate, the capacity of single
units can, presumably, always be doubled, as was done in this
case. The possibilities in high-capacity boilers are therefore
considerably in excess of any present or probable future require-
ments in the use of single boiler units to serve individual turbines.
The capacity of the boiler units will be limited by the maximum
burner capacity it is possible to install per foot of furnace width,
by the volume and capacity of the furnace it is possible to con-
struct under the boiler, the amount of steam it is possible to raise
per section, the length, thickness, and diameter of the boiler
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drum, the length of tubes, available draft, quality of feedwater,
and solids in steam to the turbine.

M. K. Drewry.? Never have the design and the performance
of large boiler units been reported so comprehensively as in this
paper. It is a valuable contribution and deserves much study.
Appropriate discussion is difficult because of the magnitude of the
_ information afforded. A few of the most interesting points ob-
tained from it were found as follows:

1 The 72-in. boiler drums emphasize the desirability of ap-
preciable boiler-water storage.

2 Steam-turbine drives for fans were chosen for other reasons
than their reliability, for the coal pulverizers are motor driven.

3 Direct firing does not afford direct response to coal-feed
demands, for differences in coal storage in the mills cause 2 to 4
min lag in heat output.

4 Removing ash in the molten form under all conditions of
plant operation is not readily accomplished. v

5 Unusually low radiation loss of the boiler-unit equivalent to
only 0.2 per cent of maximum output emphasizes one economy of
large sizes.

6 The time of 5!/, hris prudently used to start the units from
cold and get them to normal rating. Each of the four mills is
started and stopped 10 times during the starting procedure, and
8000 1b of oil is used for reliable ignition.

7 A drop of 100 deg fahr in superheat temperature occurs
as output lowers from 1100 kB to 400 kB.

8 The reported boiler-unit efficiencies appear conservatively
low because of the 3.5 per cent to 4.8 per cent “radiation and un-
accounted’ figure.

The author is thanked for his painstaking and intelligent re-
porting of a vital subject.

J.J.GroB.* This paper goes farther than the usual report of a
boiler-performance test. The author gives an exceptionally
broad and lucid explanation of the many-sided problems facing
the designing engineer responsible for developing a huge block of
steam-generating capacity from g limited available space. The
various engineering factors discussed so clearly and the mass of
test data covering the performance of the various elements of the
boiler installation should be of immeasurable value to other engi-
neers responsible for boiler-station design. A discussion of the
various outstanding points of interest in this paper would require
considerable space, and therefore it will be confined to a few of
the many points of interest.

In the rapid development of higher pressures and capacities in
power stations, a number of problems, heretofore little heard of,
have been forced upon the operating engineers, and one of the
most persistent of these is ‘“‘carryover moisture” in the steam.
Trouble from this carryover moisture manifests itself in a number
of ways, among them being the plugging up of superheater ele-
ments with sediment carried over with the moisture and left in
the superheater, fouling up of steam valves with the residue salts
and phosphates, line gasket leaks, fouling up of turbine spindles
and casings, and frequently sharp steam-temperature dips and
moisture slugs passing through the turbines, resulting finally in
reduced turbine capacities due to fouling, if not in serious blade
troubles.

Some phases of this problem are controlled by the installation
of purifiers or baffles in the steam drum, but the author raises an
important point in his introduction of the factor of boiler-surge
capacity.

3 Assistant Chief Engineer, Power Plants, Milwaukee Electric
Railway & Light Co., Milwaukee, Wis. Mem. A.S.M.E.

4 Engineer of Tests, United Electric Light & Power Co., New York,
N.Y. Mem. AS.M.E.
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In the old section of the boiler house at Hell Gate Station,
nine of the stoker boilers have been revamped to carry a maxi-
mum rating of 250,000 1b per hr steam apiece. The 54-in.
drums originally provided were standard practise at the time of
installation and were not altered when the boilers were revamped.
Tests to determine the speed of pick-up in these revamped
boilers have indicated that the rate of pick-up is limited by the
rapidity of water-level change. In these tests attempts were
made to assist water-level control by hand control of the feed-
water cut-off valves and with automatic regulators in opera-
tion. On boiler 62 a drop of rating from 230,000 Ib per hr to
120,000 Ib per hr rating was accomplished in 7 min. The gear-
controlled feed valve was restricted at the start to three turns
open.

In the first 4 min the water level dropped from the 5-in. level
to the 1-in. level, and then rose rapidly, until at the end of 7 min
it had risen to the 14-in. level, at which time the gear valve was
further restricted. After stabilization of rating at 80,000 Ib per
hr, the water level was established at the 3-in. level and the gear
valve was kept restricted to one turn open. The rating was then
raised from 80,000 Ib per hr to 153,000 Ib per hr in a space of 71/,
min. In the first 4 min the rating rose to 115,000 1b per hr and
the water level rose to 15 in., a gain of 12 in. The level then
dropped off, until at the end of the 7!/;-min period it had reached
the 7-in. level.

In another such test on boiler No. 33, when the start was made
without restriction of the gear-controlled feed valve, a reduction
of rating from 254,000 1b per hr to 83,000 Ib per hr was accom-
plished in a space of 7 min. In the first 41/, min the water level
dropped from the 5-in. level to the 2-in. level. It then rose to the
10-in. level on the rebound while the boiler was banked. Starting
with a banked rating of 54,000 1b per hr and the gear-controlled
feed valve one turn open, the rating was raised, as shown in the
curves of Figs. 34 and 35, to 250,000 Ib per hr. In the first
11/, min the rating had reached the 94,000 Ib per hr rate and the
feed valve was closed tight. It was then opened slightly and
closed at intervals during the rise in rating, until full capacity
had been reached. The water-level surges, although dampened
by this control, show a swing from the 7!/,-in. level up to the 13-
in., and then down to the 6!/,-in., finally settling near the 6-in.
level.

A study of these curves and log entries will yield interesting
information and makes clear the reason for the prevailing water-
level problems in many plants.

Many other such tests on the stoker boilers indicate that while
the speed of pick-up can be increased sharply by overtraveling
on air pressure, the violence of water-level change requires man-
ual control of the feedwater to avoid troublesome carryover.

Carrying the thought a step farther, perhaps it should be asked
whether limited drum capacities and rapid rating response are
worth the price of carryover-moisture troubles. It is clear that
the surge characteristics and limitations of a specific boiler design
should be determined to assist in the control of “moisture carry-
over.”

In this connection and because of the growing importance of
water-carryover problems, further comments are desired as to
whether future design trends should take into account this
troublesome factor. This apparently was done in the case of
the million-pound-capacity boiler under discussion by allowing
ample surge capacity of the boiler drums.

The completeness of the performance data helps to visualize
the growing importance of heat-balance checks at intervals.
With complete heat-balance information showing changes in
boiler losses, it should be possible to correet pulverization and
combustion impairment, and thus realize the maximum perform-
ance possibilities of the equipment.
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Fig. 34 Special Test of Boiler 33, Hell Gate Station
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George D. Hettrick.6 While the paper characterizes the
two-u_nl? boiler, fired with a common furnace and the single-unit
capacity of 1,000,000 I per hr, as the outstanding featuré of the
Hell Gate installation. it would seem that the engineering feat of
producing 2,000,000 lb of steam per hour within a ground area
of approximately 8400 sq ft, with a net ratig of building volume to
boiler capacity of 636 cu ft per 1000 Ib per hr capacity, is the out-
standing accomplishment, when it is considered that with designs
prevallln% only three or fouryears ago this same capacity would
occupy_about 40,000 sq ft and require a building volume Tatio of
over 1700 cu ft, In the campaign for lower first costs, at least
in the matter of space requirements, the Hell Gate installation is
an excellent example of what can be accomplished.

An mte,restm%feature is that these large boilers are shut down
d?Itlﬁl durl_r%g night periods, demonstrating the operating flexibility
of the units.

With two_separate boilers served with one furnace, it would
seem that d|ff|cu|t¥ would be encountered in maintaining a uni-
form temperature throughout the furnace and that physical condi-
tions would tend toward a difference in superheat, feedwater
and air temperatures between the two units. ' 1he data presented
make no reference to these conditions, so that it ma¥ be assumed
that no appreciable difference in the performance of the dual in-
stallation'is noticeable. However, with remote control it would
be of interest to know how the action of each of the 12 burners is
observed and adjusted to maintain uniform conditions. If one
of the burners is not receiving its proper quota of fuel—a_condi-
tion which occurs at times—how is the control operator notified of
this condition? _ ,

It is not quite clear why relatively large drum capacity should

Mass. Mem. A.S.

;
6  General Sup,\ﬁrlizntendent, Montaup Electric Company, Somerset, |1068°

in any way permit less vigilance on the part of the operators in
the matter of attention to feedwater control. = Certainly with a
large drum, water-level fluctuation would be.less noticeable, but
the work to be done by the feed regulator is in no way lightened
and water level is dependent on requlator performance,
_Providing three circulator tubes per. section is certainly a de-
sirable arrangement, and should, as claimed, lessen the likelihood
of stagnant Circulation—a condition which has occurred in some
high-pressure installations, o . o
he information presented in the radiation test, FI%._ 15, indi-
cates the great valug of the modern insulated furnace which makes
;%ossmle quick starting of boilers after many hours of shutdown.
he fact that these large hoilers are in steaming service 30 min
after Ilqhtmg burners gach r_nornmP after having been shut down
during the night is a highly interesting operatln? condition, espe-
cially when we consider that the furnaces are of the slag-tap t)(]pe.
The slag probably remains in a molten state during the shut-
down ?enod and “serves as a heat reservoir, which Tesults in a
much Taster s_teamln?, schedule than would be the case with a
Water-coolln? installation equ_|pPed with drﬁ-ash ,hopﬁer. It is of
importance fo observe that it takes less than five hours to put
these boilers on the line from a cold condition. ,
. The chilling ostaP by air drawn through the slaﬂ-tarp openings
is information of value to the des(ljgn engineer. The fact that It
was necessary to install induced-draft equipment to reverse the
air currents In the furnace adds not only to first cost buf to
operating costs also. This somewhat objéctionable feature is of
small consequence compared to the advantages of the slag-tap
furnace, which include avoidance of slagging of ash on tubes, re-
duction to a large extent of the dischargé of ash and dust from the

5 Special Test of Boiler 62, Hell Gate Station
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furnace, and an increase in furnace volume on property of limited
area.

H. M. cusning.6_In connection with the load pick-up tests
shown in Figs. 12, 13, and 14, data on_ a pick-up test in Buffalo
mqht be of Interest. As is normal during light-load periods, two
boilers rated at 560,000 Ib per hr were feeding ©5,000 [b'per hr, each
to an 80,000-kw turbine carrying a 10-merqawatt load. ' The hoiler
operator was notified that a pick-up would be made, but the time
was not given. The electrical operator, when ready to increase,
set the bulletin boards to 60 mw, and_proceeded to”build up the
load at a uniform rate to that point in 2 min, and held at that
point.  The boiler ﬂressure dropped from 460 [b to 390 b at the
4-min mark, and then came back to_normal. A 12-in. rise in
boiler-drum level resulted from this pick-up. . .

_Babcock & Wilcox cross-drum boilers, 60 sections wide, 22 tubes
high, 24-ft tubes, with a 60-in. drum, were used.

A G.cnristie.7 The Paper is of timely interest, not only on
account of the fact that the tests were made upon one of the
largest-capacity boilers in the world, but particularly by reason
of the gTreat mass of valuable performance data containéd in the
tests. “The_twin setting of B. & W. hoilers represents a new
practise. . Similar twin settings for 30,600 sq ft S_tll’lln% boilers
were designed by McClellan ‘and Junkersfeld, with whom the
writer wasS then “associated, for the Lake Shore Station of the
Cleveland Electric |I|um|nat|\r}\(71 Company, and tests of these
boilers were reported by John Wolff in a paper entitled, “Tests of
Pulverized-Fuel-Fired Boilers at the Lake Shore Station, Cleve-
land.” (A.S.M.E. Trans., Vol. 47, F 1255, 1925)) The ex-
cellent performance of these hoilers led to the use of similar
twin boilers and furnaces at Avon Beach and Ashtabula Stations.
Mr. Caldwell’s boiler operates at a higher capacity than any of
these Stirling boilers and appears to have a Iarger furnace.

The use of smaller boiler drums was advocated a few };ears ago
hut exgerle_nces with the water-cooled furnaces at the Gould
Street Station indicated the desirability of large water capacity
in the boiler drums. When the India Basin Station at San
Francisco was designed, the largest drums available (72 in. in
diameter) were purchased. Thé use of this size of drum, has
since extended, and this size is employed in the Hell Gate hoilers.

As Mr. Caldwell points out, these drums simplify control prob-
lems and decrease fluctuations of water level. = He also refers to
its accumulator effect, which may be of considerable value under
certain conditions. _

_Many recent plants emﬂloylng slag-bottom furnaces have pro-
vided water coohn? for these bottoms. ~ Mr. Caldwell uses air
cooling, undoubtedTy on account of the high fusm% temperature
of the ash, which, ds shown in the data, exceeds 2400 F. This
high _fusmg_tempe_rature undoubtedly adds to the difficulties
experienced in tapping slag.  Mr. Caldwell states that fluxes were
tried to increase the fluidity of the slag. It would be interesting
If he could add some furthér information on the chemical naturg
of the ash and the character of the fluxes that were tried. Many
suggestions have been made regardmgf the use of fluxes, but
specific data on the action of these are Tew.

Steam-turbine drives for both forced- and induced-draft fans
represent a departure from the current practise of all-electric
drive. Have the performances of small turbines been improved
and first costs lowered to the point that these aFaln are serious
competitors of motors to drive power-plant auxiiaries?

The data upon the response of the boiler to increase in coal feed

6Chief Engineer, Buffalo General Electric Company, Buffalo,
Mem.’A.S.M E

‘7Brofessar of Mechanicel En%ineering. Johns Hopkins University,

Baltimore, Md. Mem. A.S.M.
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indicate a rather slow action. This was undoubtedly measured
with constant pressure at the superheater outlet throuqhout the
test. One would at first infer that this boiler would not respond
quickly to large fluctuations in load on the given turbine. If,
however, the Steam pressure is allowed to drop when the sudden
increase in load occurs, the accumulator effect of the large
drum will come into play, and this will permit a sudden increasein
the flow of steam to carry the increased load, ~The contrary effect
occurs if pressure is allowed to rise on sudden decrease of load.
One can therefore expect such large boilers to meet load swings
satisfactorily in actual service, o

The test fesults are unusually complete.  One is impressed. by
the large pressure drop through the superheater at high capacities,
and also with the sizeable draft required of the induced-draft
fans. However, an overall efficiency of 85 Ber cent and ahove
was maintained for outputs up to over 900,000 Ib per hour, which
in itself is a remarkable performance. Fig. 24 indicates that
the_total equivalent heat required by the Doiler auxiliaries re-
mains substanﬂallg constant at all loads. The total power con-
sumed by the powdered-coal equipment shows much lower figures
than indicated by earlier tests. _ D

The experience gained on these,lar_ge boilers and their auxiliary
equipment must have led to certain ideas on the part of the author
in"regard to future installations. In the light of this perform-
ance,”what modifications would Mr. Caldwell recommend in a
new plant to meet similar load conditions?

Author’s Closure

Cn relgard to the variation in superheat referred to by Mr. Kerr,
it should be noted that the tests were conducted with approxi-

mately constant excess air. In normal operation the amount of
excess air is reduced as the rating increases due to practical cop-
siderations, and the resul_tln% superheat curve is consequently
flatter than that reported in the test.
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Mr. Drewry calls attention to some of the characteristics of
the installation, and among other things mentions the lag in heat
output associated with direct firing. Direct firing undoubtedly
contributes somewhat to the time lag, but there are other factors
which also have an influence. As an indication of the heat inertia
of the installation, Fig. 36 is introduced from observations taken
during a normal shutdown.

It may be observed that there is considerable lag in reduction
of steam output even after the fuel supply to the furnace is inter-
rupted. This indicates the extent of the lag which is independent
of the combustion system. Where rapid response to changes in
rating is desirable, the design should provide for less water-
storage capacity and less heat-storage capacity in the furnace
and boiler. On the other hand, a large water-storage capacity
and large heat-storage capacity in many instances is a desirable
characteristic, since the accumulator effect imparts a certain
degree of stability to the steam pressure and steam flow with
fluctuating loads. Opinion is divided on the degree of responsive-
ness which should be designed into steam-generating equipment,
and as this consideration is dependent upon the nature of the
system load and operating practise, there are many conditions
where extremely rapid response is not so important.

Concerning Mr. Hettrick’s reference to the distribution of work
between the two boilers in the twin setting, it has been found that
there is no noticeable difference in output with equalizing dampers
wide open. In regard to the distribution of coal to the burners,
this is controlled by a dividing arrangement for each mill which
supplies its three burners. The coal from each mill divides
fairly uniformly, and compensating adjustments are made at the
secondary air dampers, based on observation of furnace condi-
tions through openings provided for this purpose. .

Regarding the question of large drum capacity, water-level
fluctuations are less violent with fluetuating loads and afford the
attendant more time to attend to his duties than would otherwise
be the case.

Replying to Professor Christie’s inquiry concerning the slag,
the analysis herewith is typical of two of the coals which are
used.

The fluxes used were fluorspar and soda ash, the latter appear-
ing to be somewhat more effective. The choice of steam-driven
fans was due largely to local conditions and space limitations
which somewhat favored the use of steam turbines. Under
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ordinary conditions motor drives would be expected to show a
substantial advantage, unless handicapped by a high-capacity
demand charge.

Professor Christie’s last question is rather broad, and the
author will only attempt to generalize on the subject. In the
absence of space or height limitations, it would seem that the
heating surface should be somewhat more efficiently utilized than
in the conventional type of boiler described in the paper; that is,
the unit should be more nearly countercurrent than customary.
Where conditions permit the use of a steaming economizer, this
may be accomplished with much less boiler surface and with good
operating and investment efficiency.

The use of the slag-bottom furnace in many cases appears
warranted as a heat accumulator, aside from its benefits to com-
bustion stability. Where very rapid changes in output are de-
manded, however, the unit should be designed with a minimum
of water storage and heat storage to eliminate this source of lag.
In the use of direct firing, minor modifications in the arrange-
ment of mills and burners supply may be provided to approxi-
mate the characteristics of a bin and feeder system in order to
eliminate the lag incidental to the use of direct firing. The
superheater and its supporting arrangement is one of the major
problems in boiler design, especially with the relatively high-
steam temperatures which are now prevalent. Wherever pos-
sible, water-cooled supports should be provided, even though
this introduces some circulating problems in the water circuit.
With higher pressures and the average water supply, some form
of steam washing or purification would probably be justified.
Some provision for steam-temperature control is essential in
order to maintain at all ratings the highest possible steam tem-
peratures permitted by the turbine design.

The type of boiler equipment which might be selected for any
condition could only be determined by a careful evaluation, and
the foregoing comments merely indicate an opinion of what might
be arrived at by such an evaluation under present conditions.



