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Date .

TESTS OF BABCOCK & WILCOX

TABLIL 294

MARINE BOILERS USING COAIL FUELL

Augnst, 1922

June, u)ro

Location . Co : S. S. #Crescent City™ U.S. 8. W nmmg" Test Boiler, Bayonne, N.
Type of Babcouk & Wileox marine boiler . P 4-inch tube ¢ lnrh tuho i PN
Duration, honrs . . . . . ., ., 7 “9 o P 9‘».,4_, T ,,,2,4-06,‘. T *;—k T
State ol weather . Clear Clear Clear ; ]’arlly Clear Clear
Typeof dvafc . . . . . . Natural : Natural Natural i Forced Forced
Method of fiving . . . . . . . . . . . ., . Hand i Hand : Hand | Hand Hand
Kind of fuel . . . | o e Semi-Bituminous (Delour) ,’ Pocahontas, Hand Picked
Tolal heating surface, \(]u(ne foet . N 5366 5366 | 2571.39 i 2§71.39 2571.39
Grate surface, square feet . ., . . . 140 140 r 5739 i 5739 57.89
i i
AVERAGY PRESSURES I |
Boiler steam prewurc by qmg(., pounds . e } 202.0 : 201.6 200,4
Starboard . . 2344 236.4 : .
Port R 233.8 236.8 . ! . .
Barometer . . . . . . . . . , 29.22 29.26 ; 30.06 29.83 25.62
AVERAGE TEMVPERATURES—DEGREES FAHRENHEIT ‘
Fireroom . . . . . . . . . ., 85.2 90.7 ; 93.7 04.0 106.0
Hotwell . . 124.0 124.0 | P i e P
Feed water le-wmg heater 184.33 195.4 | 211.6 i 204.1 1944
Boiler exit gases at uptake . . 532.0 538.0 ! 491.0 628.0 659.0
FueL ,
i i
Weight of coal as fired, pounds 26691.0 27598.5 ; 21200.0 ] 57700.0 12200.0
Moisture in coal, per cent 2.49 2.30 i 0.838 i 1.06 0.75
Weight of dry coal consumed, pound~. 206043.4 26963.7 21013.0 57088.0 rzro8.0
Weight of ash and refuse, pounds . . 2000.0 1045.5 i 1261.0 2477.0 1035.0
Weight of combustible consumed, pound\ e 240434 25018.2 i‘ 19752.0 | 54611.0 11073.0
Refuse in dry coal, per cent . e e e 7.68 7-21 : G.00 i 434 855
| |
FueL PEr Hour : I
Coal consumed per hour, pounds . 2065.6 3049.0 ’ 881.0 | 2404.0 4066.0
Dry coal consumed per hour, pounds 2893.5 2996.0 i 873.0 ! 2379.0 jo36.0
i Combuslible consumed per hour, pounds 2609.0 I 27800 , i 821.0 “ 22750 36?"?
it Coal consumed per hour per square foot G. 8, poumh 2118 ’ 21.78 | 15.22 | 41.53 (,o..f
i} Dry coal consumed per hour per square foot G. S, pounds . 20.6§ 21,38 | 15.045' | 4r.10 )?._7..
‘1{ Combustible consumed per hour per square foot G. 8., pounds 19.08 , 19.83 14.18 I 39.30 J-/%I
" Coal per hour per square foot 1. S, pounds . e .55 l .57 343 | 935 ,':5}0
it Dry coal per hour per square foot M. S, pounds 54 .55 | 340 (S?Q,S -390
%\\ Cambustible per hour per square fool I, 5., pounds .50 ’ .52 | 319 l, 5 1435
W e : ‘
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1

TESTS O BABCOCK & WILCOX

MARINIE

BOILERS USING COAL FUEL—CoNTINUED

WATER

Total weight of water to boilers, pounds

i

| 242711, 246743 i\ 228093, 6120698, 106504. é,\‘\
Factor of evapmauon . L. 1.0812 | 10698 | 1.052 1060 | .06y ‘\\
; Total evaporation from and at 212° F Ahrcnhul ])ouncla .o 262419. '; 263965.7 ! 2390356 ! 6G494060. “:‘ 113853,
i WATER PER HoUR i 3 ‘. \
Water evaporated per hour, pounds . 1 26967.9 274159 9450. 25530. i 35501, ‘\\
Equivalent evaporation from and at 212° F. " p()unds .. 2091577 29329.5 9974. 27000, | 37951 i
Equivalent evaporation from and at 2127 I, per sq. ft. (-. 5 1)oun(lx' 208.27 200.49 172. 408. i G5b. il
Equivalent evaporation from and at 212° F. per sq. fr. I, H ,poundﬂ i 5.4 547 3.88 10.52 ! 14.76 !
Econoamic REsuLTs % | 5!
Water actually evaporated per pound of coal as fired, pounds . ! 9.09 8.99 10.76 ' 10.62 ! 8.73
Equivalent evaporation from and at 212° ¥, perlb. of coal as fived, Ibs, | 9.83 9.62 11.32 11.26 | 9.33
Equivalent evaporation from and at 212° . per 1b, of dry coal, Ibs, | 10.08 9.78 11.42 11.38 i 9.40
Equivalent evaporation fromand atz12°F.per b, ofcombustible, Ibs. 10.92 10.54 12.1% 11.89 i 10.28
Efficiency: Boiler including grate . P 78.31 71.37 72.55 72.28 i 59.73
i
i FLUE GAS ANALYSIS—TOP 3RD P'Ass { !
| i |
i Carbon dioxide (CO,) . . 12.50 : 12.28 13.20 13.60 | 11.60
Oxygen (0,) . . 5.48 6.28 4.20 3.90 5.07
Carbon monoxide (CO) 0.00 | 0.00 0.50 0.80 1.09
Nitrogen (N,) (by difference) 82.02 : S1.44 8z.10 81.70 8z.24
ULTIMATE ANALYSIS oF DRy Coar—DPur CENT ‘ :
1 i
Carbon . 75.88 : 75.88 87.51 | 87.51 87.51
Hydrogen . §.41 541 474 i 474 4.74
Oxygen and mtrogen AN , 11.74 11.74 3.67 3.67 3.67
Ash .. . 6.45 645 3.38 3.38 3.38
Sulphur . . .52 .52 70 70 70
Heat value per pound of dry cnal B. t u, 13718, 13297. 15273, ! 15273. 15273,
Combustible in ash, per cent . . 38.86 48.10 31.03 ! 60.99. 70.72
HeaT BALANCE B.t.u, | PerCent! B.t.u. |PerCent: B.tu, |PerCent| B.tu, |PerCent| B.t.u. ! Per Cent
Heat absorbed by boiler . 9779.] 71.31| 9491.| 71.37 | 11081.00| 72.55 11040.00; 72.28| 9122.00{ 5973
! Loss due to moisture in fuel . 30. 22 29, 22 10.84 .07 13.72 09 9.71 .00
| Loss due to moisture formed l)y burnmg of hydrogen A 6o7. 4.42 600. 4.55 521.00 3.41 547.001 3.58| 545.00] 3.59
| Loss due to heat carried away in dry gases i 1661, 1210 | 1069.| 12.66| 1503.00| 9.84; 1909.00| 12.50| 2134.00} 13.97
|} Loss due to incomplete combustion of carbon o. 0.00 0. 0.00 317.00| 2.08 479.00| 3.14 711.00 4~6§
;1 Loss due to unconsumed carbon in ash . . 438 3.17 507. 3.82 280.00 1.83 %S(E.OO 2.53 8‘33-00 578
:I L.oss due to radiation and unaccounted Josses . 1200.| 8.8 995.| 7.48| 156016 10.22| 808.28| 3.88| 186329 12.22
! Total . , 13718, r00.00 13297.l 100.00 | 15273.00 | 100.00 | 15273.00 | 100,00 | 1§273.00 } 100.00
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C pthane B B B T L R bustion is e sbeed gp
f Hydrogen Sulphide 1 2115+ 302 0 A 280 N | 15 p“mm'lly Pe tom.
f| L upon the affinity of the con Nde

st}
b )le
for combination with TABLE 25
axygen, it is also depen- GNITION TEMPERAT
dent upon the conditions = 0 L URES
under which combustion e e e
. - <ible Substanc M T
takes place, and the chief Combustible Substance Sneoular ) Tgnition Ty
. . e rEes Warg
of such conditions is that USRS S ‘vs Falirepjor®
of temperature. Intro- Sulphur . Coe e s, ]

Tucing combu%tible Tixed Carbon—DBituminous Coal . 470

o
FUCIHD a N Fixed Carbon— Semi-bituminous Coal 766
into the presence of OXy- Fixed Carbon—Anthracite Coal . 870
gen does not of necessity Acetylene L C,H, 925
result in combustion. Ethane G e e e C,H, 1900
-~ . e s Q00
Every combustible h.rllxdylene C,H, 102,
Iydrogen e e ] -
substance has a tempera- MZtInEe . CHIE 1130

~ A T d Ve e e e e H ‘ )

ture called 1ts © 1ignition Carbon Monoxide co 1202
temperature,” to which L 7 1210

it must. be brought be-

fgre it will unite with oxygen in chemical combination, and below which syc]

bination will not take place. This ignition temperature must exist with oxygen 1 C?m-
or no combustion will occur. The ignition temperature of various fuelsb"mdprltczscnt
combustible constituents of such fuels is given in Table 23, e of the

.Th'e'temperature of ignition of the gases of a coal varies and is higher tl
the ignition temperature of the fixed carbon constituent. The ignition te; : a
of coal is that of its fixed carbon content, the gaseous constit ents bei ipt‘ratt}rc
of cout s ! carb nient, gaseou 5 ituents being ordmanly
stilled off, though not ignited, before this temperature is reached.

116




84 - STEAM BOILERS o

iron, it then develops greater strength ther
to iInsure this, correct proportions must b

Increasing the carbon content up to g c(,rtc "
augments the strength. But beyond thi.s‘ 1‘
strength decreases with the increase of o

()}

n., },IOWQVQr
aingy;
ain 8ngq

i ln&l.ximul '
Naximyp, tln
arbon 00’ lo
Examrre.—Mild steel that contains 0.1 per cent. of
tensile strength of about 50,000 Ib. per sq. in. With. t\)\y carhop
quantity or 1.2 per ceut. of carbon, the tenncity
creased to nearly 140,000 Ib. per sq. in., which i:é probably 4. ® in‘.
limit for carbon steel. Increasing the pereentuge of cm“BoJ the
valie results in a proportionate drop in the tel1=tcft)r_ \le'; l(;l)()ve thi
its unit strength is about 90,000 1b.  Further gradual iucrcqu.. Der e,
bon component causes the material to become brittle, %0 o car.

hag
clve timeg 3

) lf tcmpemd .

123. Carbon contributes to the hardness of boiler-p)
The hardness increases with the increase of carbon corrl)tihzl
This quality is especially desirable in flues and tubes andni;;
the sheets of fire-boxes and combustion chambers, 1y these
locations the metal must withstand the abrading action .0[
the cinder-laden gas currents, There is, however, a degree
of hardness which marks the maximum limit. If an attempt
is made to obtain harder metal, other very necessary qualities
of good boiler-plate will be sacrificed.

124. Excessive carbon tends to destroy ductility of the
material. Its malleability may also be thereby impaired to
a ruinous extent. Likewise, a plate containing an excess of
carbon will be lacking in toughness. Sufficient carbon fo
make the plate quite hard will also make it brittle.

125. Good boiler-plate steel contains just enough carboq to
insure proper melting in the furnace. This consideration
amply gages the amount of carbon necessary to produce
satisfactory blending of the desired properties. Generall).',
the quantity of carbon is less than 0.25 per cent. W ith this
small carbon content, practically all liability of the materna
to harden and crack under a stress, which is caused by & sudder
and wide change of temperature, is elim inated . l/’

126, Phosphorus is undesirable in ‘boiler-plate ste(:l;us
Although its presence makes a steel strong and hard, u“d_ ‘ug'
would seem desirable, these qualities are secured best l‘-}“t‘(')"(s
the medium of carbon. The reason is that phosphorus =

e pEAM BOILER CONST

rUCTION 8
g [N S
mn R’AI"S ]
aATE o brittle, when cold.
aterial cold-short, that is bntt':(", ~\ml\— " i
ke b mad sh phosphorous is particularly weak az o
o ™ taining MU On this account, it may DE

) 00" atory SHresses. £ . e
o | vibr? )lmrmful of the ingredients in steel hoiler
ason that Bessemer process stecls are
The method docs not remove

which was originally in the pig
*

(2

shoeK , osb
g dered ghe mOSY T
conSL g for this reason -
plate- ble for hoiler-making.

g1 . .
“n(l(vb;]']e steel the phosphorus,
fl-om ‘

jron. i imental to steel in various WAays.
” ar. Splp{]gfe:i ig ett:impair the tenacity and d“Ct“’ilit’y of
3}; };Jl]lzfl[f:l(l to make it hot-short, or brittle and difficult to
wor;swrslillilcgﬁt'In Mild Steel Makes It Harder.—There is
b 1 1Isma.ll quantity present. Ilven this inercases the lllll,l:d-

u ! lightly, but without diminishing toughness or ductlhty
2:?; :j;lout, affecting appreciably its tensilc. strengt.h. This
might, therefore, be regarded as a beneficial mgre‘chent.

129, Manganese In Mild Steel Is A Hardening Agent.—
Steel which contains a considerable proportion of this element
acquires & peculiar brittleness and hardness which makes it
difficult to cut with machine tools. Manganese has, however, a
neutralizing effect on sulphur. It combines with sulphur
in the steel to form manganese sulphide. This component
is less objectionable than the iron sulphide that would other-
wise be formed. The presénce of manganese might, there-
fore, be regarded as advantageous. : "
Bolife?-' g(l)lgmicall ‘f’roperties For Steels Are Specified By The
Suidy of A;S:.;,l '{els‘ajanc.lm'd rules, those of 'the American
hemmiea] pr;c)e?-:'?fa flﬂ:ng-wwers for exz?,mple, stipulate certain
says, rivers Ia.r-ldlcis} ,Oll'ksmels‘()f various grades for plates,

131, Tah . he like. (Table 131.)

¢ Showing the Uses, Chemical Properties and

hysical PrO i V (; d
pertles Of the ariOUS
PEClﬁed n the A-S.M.E. COde, 1918.
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Mhe sHe method may Used (g
' ],(mn(l when the woighy

"‘ »

* ver, does noloapply iy 0l

howe ' Ciso of

EXER(J]SES
The following  table rivey the g

uel gases "]""’-‘(Inm.l
gin fuel gases.

e

O pogiy,
eort Moy } Vf!]ljnm o
- H - T
U 00\1\0“4 Curr, \0\2“(\\,.\\
) T - iy,

' \”*"\\\“\‘\ ! \ N ?
1. Blast furnace gas....... 0.04 |0 97 o T ‘
0. Producer gas........ .. 0.15 0.99 003 CeL 10010 0 50
4 Water gas............, 0.50 10.45 | - 0.09 {0 5
4. Carbureted water gas.. |0 30 n.97 0.925 0]5 0.03 0.0
5 Natural gas........... 0.0210.01 093 0 ‘0'0’5\8'835 0.02
| Y9 0.005 0 03

1. Find the composition by weight of each of thege gases
2. For each of the gases find the volume of g, required fop th
tion of 1 cu. ft. of the gas. 'ne combyg-

Ans. 7 % L176 ey, 4,

I 5. 8.98 cu. ft,
up schedules of the mixture of

cts.  Show the composition of

3. Using 15 per cent. excess air, make
fuel and air and of the mixture of prody
each mixture in mols and in pourds.

4, From these schedules calculate the constants B

m of the original mix-
tures and the constants B, of the mixtures of the pr

oducts,
1. B, = 03.82, B, = 49,33
Ans. 3. By = 61.40, B,

1l

53.35

| 4. B, = 5642, B, = 54.36
6. Derive expressions for the specific heats ¢, and ¢, per pound for all
the mixtures.

8. Find the lower heating value of each gas per cubic foot under standard
conditions 1. 98 B.t u.
| . 140 B. t. u.
. 285 B. t. u.
. 625 B. t. u.
. 858 B. t. u.

. whe ‘ned with 15 per

7. Find the contraction in volume of each gas when burn

tent excess air L
. . 0 s determine

8. From the composition of the mixture of ploauoﬁfthat the pressure
¢ase the partial pressure of the H,0 constituent, assunglnspemtum 2 which
of the mixture is 14.7 b, per sq. in. Determine the te :
condensation of H,0 begins. ¢ combusti

‘rom the general expression for the he@t 00 tomn pernture.

» has & maximum or minimum value at Sfm; \he maximum OF
EXpression from which the temperature at whie
P0Us may he caleulated. ,

Ans.

cnukoom_

n each

on H'p Sho“l tllﬂ-t
DCl'ive an
minimum




t froa time to tlme, Todeod it dosg
»

ehrent fo .
i r being a sontaot process, the porosity

. e Lo importont T
reclite da dmportint, i Lh? hares olor, 4t loges effiolency till replacement

For this recaon tur

af the

o apRANTT hid g A
L4 nos oloudy wutors munt be fi]tsred before softening.

) : ratoma nre elah .
doclite @ elaborote and expensive, For this reason they are calculated

often incnnable of taliing o

se" B r v
Talos® ) re of full demands, egspecinlly as the efficlency

o¢ the so0lite drons, nnd thoush they ave oapuble of discharging "zero" vaber, fre-
quently rail to do this,

pecnuge of their exvense, very hard viater cunnot be handled cheaply, It must
first b softened by lime-soda, filtered, and then further softened - if necessary
with zeolites They liievise frequently dischurge vuiter with residual hardness and
fail to consider the soluble salts liberated and the corrosiveness of the water;
pence supplementary treatment is indicated despite their use when the iject is water
for stemm generation, It can be said, however, that vMere.the object is soft water
for process, there is nothing better than a properly operated zeolite sofbener.

Boiler Coqggpnds

1t is not possible to consider these in all their many forms and variations,

The more common ipgredients end their merits, if eny, cen be briefly considered.,

Caustic Soda -_(NaOH):- This is good for precipitating magnesium compounds end
raising the alkalinity, The evil is that it fails to benefit the
caloium and promigcuous use leads to excessive allkelinity and
enbrittlement,

Soda »sh = (Ne,C0gz):= This would be better in general use vere it not for the
fect that it decomposes to caustic soda and has its failings as &
consequence, Under limited pressures it serves some good purpose,

Sodium Silicate (indefinite formula):- ‘'his is ﬁossessed of no virtue vhatsoever,
t.uing to rather than alleviating the evils calling for correction.
With caloium and mugnesium it forms hard, dense, firmly edhering
deposits of the corresponding silicate, not unlike these deposits

The claim of bging e metal

found in noture in rock deposits.

treatment is more imaginary than reels




Sodiwn Alwninate (formila indefinite):- Forms a floc-1ike combination with
oclelum and nignosiun compounds in intimete mixture vith hydrated
elumina - a coagulating, colloidal floc, Being hydrated, it

loses water and reverts +o the dehydrated form of A 203

(aluminua oxide op bauxite),
ppi Sodium Phosphate (NagzPO4)t= Begt 2Ll around precipitent, Tends to deposit

in feed lines, ‘orks very well with supnlemental colloidal

" conzulant,

pi Sodium Fhosnhate (NaEHFO4):~ Forms YazPOy vith wlkali, IHas all the proper=

ties of NagPO4 to which it should be ‘converted either with alkali
in the natural sunply or purposely added with trectment,

pono Sodium Phosvhate (HaiyP04)t- Sune as disodium, but demands more alkali,
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TABLIE nan

INSOLUBLE ‘
SOLUBLE Spiu {ilty SolubITity INmRME};I?TE |
A g, per_ 100 Compound Pts, per 100 Compound Selubility

W Ptg, per 100 ;
o Mg OH)

* 53, +0009 Ca(0H), .185
Wl 26. MgCOn .01 |
50
gf 4 604 MgS107 not recorded
R
o) indefinite CaCOy «0014
calHCV3'2 ,
it CaS104 +0095
ug(ﬁcog)z
K0! ' |
35,7 Aly04 -00015 s;
faCl '
.30 |
0850 |
» 42 (OH) 5 0067 |
NepC03 710 | | —’ 3
~ I | ‘
] ‘ |
KpS0y [ .
1,50, 48.8




C ol [\ nd

caS04
caCly
¢aC0g

- calOH) 2
Mg804
1gllp
MgC03
Mgl OH)p

TABLE '"B"
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Nature ef Nature of
Solubility Celd . Solubility Hot Solubility Deposit
«30 .16 - adhering
60. 159, o+ non scale forming |
0014 - .0019 4 non adhering
.185 077 - adhering
26, 74, + nen scale forming
53, 73 + non scale forming
.01 non adhering
.0009 004 + non adhering




GRAPHIC JLLUSTRATION OF SOLUBILITY CHARACTERISTICS

st shows decreasing solubllity with increase in temperature, or negative character

xp* shows increasing solubility with increase in temperature, or positive character
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