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PREFACE.

The subject matter of the accompanying report, "The Value of Peat
Fuel for the Generation of Steam," forms the third and last of the series
comprising the investigation undertaken some years ago to determine the
value of peat fuel for the production of power. The former reports, "The
Utilization of Peat Fuel for the Production of Power," and "Peat, Lignite,
and Coal," dealt mainly with the production of power through the me<lia
of gas producers and internal combustion engines, while this report sets
forth the results obtained with peat when burned on the grate bars of two
distinct types of steam generators.

An examination of the results set forth, and descriljed in detail, will
show that under favourable conditions and circumstances, peat fuel can
be economically utilized for the production of power through the media f)f

the steam generator and steam engine. But the controlling factor which
determines the feasibility of using peat fuel for steam generation is the cost
of winning this form of fuel and delivering it to the steam power plant in
a sufficiently dry state. That this cost of the peat fuel delivered to the
plant must be less than that of a quantity of good steam coal equivalent
in heating value, in order to permit <.>f its competition, is apparent to all

who have knowledge of, or experience in, the use of low grade fuels. More-
over, when considering the utilization of peat fuel for the generation of
steam on a large scale, the important fact that peat fuel, as it is manu-
factured by the only economic process known to-day, is much bulkier than
coal possessing equivalent heating value, must not be lost sight of. Hence,
the storage of a sufficient quantity of peat fuel necessary to permit of the
continuous operation of a power plant without disastrous interruption,
becomes a problem of great importance, and one which must be consideretl
and worked out with the greatest care—if the economy resulting from the
use of this low grade fuel is to be realized.

Further, the handling of large quantities of peat fuel involves prob-
lems cf a more or less serious nature—on account of its bulkiness, and low
heating value, which latter necessitates the burning of an appreciably
larger quantity than would be the case when burning a steam coal of good
quality. On the other hand, the fact that peat fuel burns freely to a fine,
easily handled ash—permitting of its almost complete combustion—must
not be ignored. The cost of handling the ash in this case can be reduced
to a minimum.

The maximum cost per ton which peat fuel can stand, and still compete
with coal, is govrned by the cost of steam coal at the place where the
power plant is K cated. There is, however, a fixed minimum cost, deter-
mined by the cost of its manufacture, below which peat fuel cannot com-
pete with coal. Speaking generally, it is safe to say that peat fuel for
steam-raising cannot compete with good steam coal costing $5 or less
a ton. But as the price of coal increases, as has been the case in the imme-
diate past, and promises to do so at a mo.e rapid rate in succeeding years

—

peat fuel for steam generation, wherever large deposits of peat suitable for
fuel purposes are available, will become a very serious competitor of coal.
Economy and efficiency, however, are the keynote of these modern times,
and, in the future, it is hardly likely that .iny form of fuel will b<^ utilized
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THE VALUE OF PEAT FUEL FOR THE GENERATION
OF STEAM.

INTRODUCTORY.

The boiler trials dcscribwl in this bulletin were conducted for the
purfxjse of obtaining information concerning the value of peat as a fuel for
the production of steam. The value of a fuel for this purpose cannot be
expressed by a single co-efficient, since the fuel may be required for raising
steam under very diverse circumstances and conditions, but the most
comprehensive measure of its value is the ratio of the weight of steam
produced to the weight of fuel burned to produce it.

This ratio depends upon the calorific value of the fuel; the conditions
prevailing at the time it is burned; and the construction and design of the
apparatus for burning the fuel, and absorbing heat for steam generation.

The calorific value of a fuel represents its total energy, and is usually
expressed in British Thermal Units' per pound, or calories per kilogram.
This energy is liberated by combustion, and its quantity is determined by
burning a known weight of the fuel in pure oxygen in a calorimeter, and
measuring the heat absorbed in cooling the products of combustion to the
initial temperature of the fuel and oxygen.

When a fuel is to be used for steam generation, it is desirable to evapor-
ate as large a quantity of water as possible per unit quantity of fuel. It is

impossible, under commercial conditions, to use all the heat of the fuel for
this purpose, since, ii. order to accomplish this, it would be necessary to
burn the fuel completely, and to utilize all the heat thus generated by
cooling the products of combustion, the excess air, and the ash, to the
temperature prevailing before combustion took place.

When burned under a boiler, a portion of the heat of the fuel is dissi-
pated in the following fo: .s of unused energy:

—

1. Unburnt solid combustible.
2. Unburnt gaseous combustible.
3. Heat carried off in the chimney gases.
4. Keat lost by radiation, and removal of hot clinker and ash.
The remaining portion of the energy of the fuel is used for steam

generation: the ratio of the quantity so used to the total energy of the fuel
fired being termed the thermal efficiency of the boiler. The Iwiler trials were
carried out in such a manner that, the efficiency of the boiler could be cal-
culated, and the losses of heat energy separated into their respective com-
ponents.

The information obtained may be used directly to compare the steam-
raising value of peat with that of other fuels, when the results of tests
carried ou^ -vhh other fuels under similar conditions are available; other-
wise, extreme care must be taken to make allowance for the change in these
conditions before any comparison is made.

By comparing the results of the trials— in which peat fuel was burned
under different conditions—additional information may be acquired which
will be useful in adapting apparatus for the economical use of this fuel for

'The unit of heat used in this report ia the Mean British Thermal unit, or B. Th. U. which it 1 /180thpart of the quanuty of heat required to raise 1 pound of water from J2° F.to.'12'F.
•/.<»/>."
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PART I.

METHOD OF CONOfCTINC TESTS.

Precautionary measures.— \inu\ hnilcTs wt-rc fx.iniiiu'd lu-fnro com-
mencing the sines of trials, nnd put into jjood condition. About one liour
tx'fore starting each trial, the soot was removed from the tubes bv means
of a steam blast. In order to lirinj.- the bo-'er brick-work, fittings,' etc to
their work-ng temperature at the time of commencing the trial, the boiler
was^ always operated the day before. The fires were then banked over-
night, and the boiler again run for alxiut li hours before starting. Special
care also was taken to examine the boiler Ix-fore and during ofx-nition for
under-water leakages, and any leakage w.iter from the feed pump glands w.is
retiirnwl to the fed tai.k.

Starting and sloppinj^ the /ri(j/.—When stopping the trial, an effort was
made to bring the temperature of the furn.ice and boiler, the quantity
of live fuel and a: h on the grates, the water level, anrl the steam pressure,
into the same condition as at the beginning.

In the case of most fuels, difficulty is encountered in estimating the
condition of the fuel bed at the begim.'ng anfl end of a trial. In these trials
the peat was burned in a very thin bed, with practically no ash prevnf
and it burned so rapidly that the fires could be judgwi with comparative
case.

Care was also taken to clean out the ash-pit before the trial, ;.nd aeain
immediately at the end of the trial.

Peat fired, ash and refuse removed.—The peat was weighed in lots (.-f

ah)out 80 pounds, and the time of commencing to fire each lot was noted.
The ash anci refuse taken from the grate and ash pit during the trial

were weighed immediately on removal and then slaked. A .simple of the
entire quantity of peat burned during each trial was taken and sent to the
chemical laboratory for the determination of its ash and moisture contentA determination also was made of the combustible content of a sample of
the refuse removed from the grate and ash-pit.

An ultimate analysis and a calorimetric determination were made of
the sample of peat taken for the first trial, and these results were userl in
conjunction with the approximate analysis for each test, in order to esti-
mate the calorific value and chemical composition of the peat fired and re-
fuse removed during each trial.

Water etaporated.—AU the feed-water was weighed and delivered to a
graduated feed tank, from which it was delivered by pumps to the boiler The
water content of the boiler was observed by measuring the height of the
water level in the gauge glass, which had been graduated previcjsly by
direct experiment. It was thus possible to compute the quantity of water
evaporated at any time during the trial. These computations were made
every hfteen minutes and were used to regulate the rate of working of the
boiler, to its prearranged load.

The temperature of the feed-water was read every fifteen minutes
trom a mert iry thermometer.

Quality of the steam.—The steam pressure was observed every fifteen
minutes by means of a pressure gauge; but since the steam formed wa-s
wet. It was necessary to use a steam calorimeter to determine the total
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PART II.

THE WATER-TLBE BOILER TRIALS.

r^ p-'"'m ''"'"/"'"l
"'"^ f>rincipal dimensions of hoil,r.-The boiler(see F.K 1) used (or these trfals, was ma,!.- by Uahc.Kk A \ViI,"x L dand IS of the.r marme type, many of ^hich arc to be found in larK. (..wct

surfi.e of ths boder consists of ten vertical sections of tiilas l-achse<t,on comprises a nest of inclined straiKlu -dK-s, whi.h ronnct waterboxes or headers: whde the front headers, w .. are at a higher level th nthe ba. k ones, are connected by horizontal tuUs to the sfam spa.v Thebark or ..wer headers are connected! by short vertical IuIk's t.! the waterspace of a horizontal drum, which extends the full wi.lth of the N.iler

nn 1 1

'

A ^V" ^u^^u"
'!"" ''.•''"" ^"'' ^''^'-'' '•'"'" "L-ar the water leveland descends hrough the back headers to the in linH tulns. In this

rK.rt.on heat ,s absorbs' and steam is formed in bubbles, which "usethe w.iter and steam to ascend the tubes, and pass throush the up-t..keheaders and horizontal return tubes to the steam and water rlrum Thesteam and water on enterinn the drum, impinge on i baffle plate which

theTn r;f.'",>" '^^'^^ 'J'r"^vards; while the steam proceed roi^nd

The combustion chamber is enclo.^ on four sides with brick, whilethe rrK,f consists of a .;er es of large inHinetl tubes, alv.ve which is a foul, erow of small inclmrd tubes. A light, fire-tile b.iffle. is placed over the It r

wntTowardsTh fr!tt'"Th'''''
"' *^ '::'''"' ^"'' '^ "«'^- -"- than 'l-df

h ,; thl
''

•

1

^^'^ ^'''•'^
^^""r

^f^^" f""''tr de(iect.-d in such ,, manner

leaving" he [;;V'er.'" "
''*"''"' '^' "^^^ ""''' "^ '"^^ '^''-'' '^"'''' ^^^"'^

torvHw'i*'''
'^'^"^!"^.«^ f'^- "^i"K plates. line<i on the inside with refrac-tory materia

.
which is in contact with the hot gas«'s. These c.sinL^ nl tesare enclosc-d by stc*l plates, with which they form an air spa'e f "the purpose of re<lucinK radi.itiun losses.

^

.

All the exposed p.-,rt.s of the ste.-^n. drum, main steam valve .md steam

wi'^'nZ con,' l-
'""''"'' calorimeter connexion, were thoroughly laSwitn non-conducting material.

Gnte bars of n special corrugated type, supplied by the manufacturers

rtrS^&ell'us^i:^"- '' ^"' ^"- "= -''^- ""^ ^"^' ^- ^2. orSnaS

HeaTng:u;facJ (tu'S"'
''^'"'"^ °' *'" "^"^^ '^ '"^

^^IT^T .
Heating surface (drum, etc.).

'.'.

44 !^" ffff
Total heating surface .'

. ; ; ; ; ; ; J^j 5; f^J:
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Width of grate 4'-9i' 6'-gl»Ungth of grate 4'-t0' v 7*
Grate «urfnre(cxcIudinK dead plate) 2J2«i. ft. 379^1 ftKatio hiMtuiK lurface to Krate surface 29 is

"

Approximate width of air spaces bctwetn
^ firebars i» 1' (72) 4'f7n
Lirate area occupiwl l)y air space, per cent » v -

;

of total grate area 30 50 (72) uu7i\
Capacity of water space, <wbic feet - 57

-
\ /. k' )

Capacity of steam space, cul)ic fe«-t = '»S
Working pressure, lbs. jx-r w). in. - 1,

Boile; Auxiliaries.

Fe.^ ^mpi, an4 Aw/.».-The fe«l water, whi.h was heaterl l,v a steam
coil, could ue fed to the boiler by either of two indejx-ndent fe..! pumpstan.— lhe pnxiucts of combustion were exhaustetl by means of ,1 steel

Firiftg.~ThQ firing throuRhout the tests was done by hand; the simehreman bemg employed for the whole s«>ries of tests.

Results of trials 71, 73, and 73

A full list of the aveniRes of the observations and results will Ik- found

51 ,^*''"' "1
^i"'' 'in

^^^ outstanding features of the results will fx- considered in uetail, as follows:

—

During this series of trials the grate bars, and grate area were alteredwith a consequent variation in the rates of combustion anH steaming A^the trials were approximately of 10 hours duration. Longer trials wereunnecessary on account of the fact that, extremely light fires were carS
on tb.^';^rilt'r-'^"'^ "^"^T• '^"^ ^° the restive quandfy o ueion the grate at the beginning and end of the trial.

fuel q'^JaliSydS tSlenLti::"^
''^ ''""^'P''' '^'^'^"^^^ '" '"""^'^'-^ ^^

TABLE I.

Trial.

71

72
73

Moi.<ture
jier ctiit

in peat.

15-7
15-7
20-3

Gross calor-
ific value
B. Th. U.

per lb.

8070
807".

7590

Grate
area

«q. ft.

232
37Q
37-9

.\ir space
in grate
bars.

r

Fuel per sq.

ft. of grate
area per
hour. lbs.

Kvapora-
tion per
liour. IIm.

20-5

1.5

1950
2322
2250

ti,- S^^!'^
of peat.—Vrom the above table it will be seen, that for trial 73

for tSolh" S"* "" ''^'^^' "'"^ ^^« '^'°"«'^ -'- -- '°we"t!.an



Grate area, and ai^ spac, as affecting draft required.—The draft required
to bum a fuei depends upon the rate of combustion, an i of air space,
and width of air space. The following table (II), shows how the draft
increased with the amount of dry fuel burnt per square foot of air open-
ing in the bars per hour.

TABLE II.

Dry r>cat fKT hour. Draft, difference
of pressure, above
and below bars.Trial. Lbs. per sq. ft. of

grate.

Lbs. per sq. ft. of air

space in grate.

72
73

71

13
12
IV

26
40
57

Oil inches.

018 "

0-2.? •

Effect of grate area and air openings on incombustible matter in refuse.
Table III shows the trials arranged in the order of increasing total air
space through the grate bars.

It will be seen from table III, that for trials 71 and 73 the effect of
enlarging the grate area and still using the corrugated bars, was to increase
the amount of ash removed from the ash-pit, and to decrease that taken
from above the bars. This is to be e.xix.'cted since the trials are all of ap-
proximately the same duration, so that with the same fuel and same grate
bars the ash falling between the bars should increase with the area. Since
the proportion of the total ash falling through the bars was greater in trial

73 than in trial 71, and since the combustible content of this portion of the
refuse was very low, the total refuse removed for that trial—expressed as a
percentage of the dry fuel fired—was reduced from 6-1 to 4-9; and the
loss due to combustible in the ash and refuse was reduced from 1 -8 to 1 -4

per cent. In trial 72 it will be seen that the bars were so wide and the air
space so large as to obviate the necessity of cleaning the fires at all during
the trial; but since more combustible passed through the bars, the loss due
to combusti! le in ash and refuse was increased to 2 • 3 per cent.

From the foregoing it will be observed that the most efficient grate
bar would be one having an air space intermediate in size between the two
used; that is to say one with an air space sufficiently large to permit the
ash to fall through without taking an undue proportion of combustible
with it. This requirement has been met by the grate bars used for the
portable boiler trials in which as will be M-en by referring to those trials,

the loss due to combustible in the refuse did not exceed one-half of one
per cent.

Effect of Grate Area and Air Openings on Character of Flue Gas.

Table IV shows the cfTect of the combustion per square foot of air
space upon the composition of the dr>' flue gas.
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TABLE IV.

Dry fuel burnt
per sq. ft.

of air space.

Draft, differ-

ence of pressure

above and
below bars.

Flue gas, per cent Free oxygen.

Trial.
Combined oxygen.

CO, CO 0,

72
73
71

26
40
57

on
OIK
0-23

10-5
8-9
8-5

11
0-8
0-6

8-8
10-7

11 1

0-80
115
1-25

During these three trials, air was admitted to the fuel bed through

the fire door, in order to reduce the percentage of unburnt carbon monoxide.

This quantity of supplementary air was difficult to regulate; in fact during

trial 72, the draft over the fire was so slight, that it was necessary to part-

ially close the ash-pit door to allow a greater portion of air to be drawn

over the fuel bed. It will be seen upon examining the table, that the ratio

of free oxygen to combined oxygen increased with increased combustion

per square foot of air opening; this is probably due for the most part,

to the fact tb ft the draft also increased hence the supplementary air supply

over the bars was greater. Anothes explanation is that the smaller air

spaces decreased the facility for the removal of ash by gravity, thus leaving

the combustible portion of the fuel less accessible to the air.

Flue gas losses.—By referring to table (V) it will be seen that the smallest

total loss due to the heat leaving, in the dry flue gas, occurred in trial 72;

and for this trial the ratio of the pounds of flue gas per pound of carbon

is smallest.

The effect of increasing the supply of air in order to reduce the quantity

of unburnt carbon monoxide will be considered by supposing that the aver-

age flue gas analysis for trial 7 1 is obtained from that of trial 72, by admitting

an additional supply of air to the latter gas. The requisite amount of

air per 100 volumes of flue gas would be 26-2 volumes, made up of 5-5

volumes of oxygen, and 20-7 volumes of nitrogen; and 0-3 volumes of

CO must take up 0-15 volumes of oxygen, forming 0-3 volumes of COj

in order to effect the change. The total volume after admitting the air

and burning 0-3 volumes of CO would be (126- 2-0- 15) = 126-05 volumes

of flue gas, composed of (10-5 + 0-3) volumes of COj, (1 • 1 - 0-3) volumes

of CO, (8-8 + 5-5 - 0-15) volumes of oxygen and (79'6 + 20-7) volumes

of nitrogen; these expressed as percentages will be 8-6 COj; 0-6 CO;
11-2 Os; and 79-6 Nj, or practically the same composition as the gas for

trial 71. It will be seen from this that 0-3 volumes of CO have been

burned with the additional supply of 26-2 volumes of air, or a ratio of air

to gas of 87.

It may be staten at the outset, that with so large a ratio of air to gas

the heat of the reaction, 2C0 + Oj = 2CO2 would suflfice to raise the air

temperature only about 207° F.—that is, from 70° F. to 277° F. The

temperature of the exit gases in the boiler is considerably higher than this,

therefore it will be clear that, since the products of combustion of this

separate reaction leave the boiler at a temperature considerably higher

than the theoretical temperature of combustion, it must receive heat from

the remainder of the flue gas, and thus reduce the efficiency of the boiler
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as a whole. For the purpose of comparing the net result of the additionalair supply the quantity of steam present in the flue k^4s (9 vo . mS
TesSctlrel^

"""""^' '"^•'•"^ ^''^ ^°^^' -'"-- (i^'Taid (STqJ
The result of burning the carbon monoxide may then be investi^ateHas fo lows: ,n the first case (trial 72) 109 volumes of flue gas iVave theSat a temperature of 760° F., and the change in total heat of the gls t^tw^nthis temperature and the air temperature (70° F.) represents a loss [n ?h^

no"i To'm whi\°'r^r'.^^ ''' '^^^^ '""^ iorralttemSratlVof
a?ure t;;in?To° F frn^^h-« l'°.? T"' "f'll

^ ^-'^"'^t^d, the dr temper'
fl^^ n V^ ^! 'r '^°'V

*'^'® '^"<^'" 'oss the heat energy given up in burnrn?the 0-3 volumes of carbon monoxide must be subtract^!, and he differ?ence compared with the loss in the first case
For convenience in working, the unit of volume is taken as representing

sm.n l.r''''"5"l ^y ^ gram-molecule; the unit of heat chosen is hismall calorie, and the temperature is measured on the centigr^e scale

aretlken'Tsand'^V'r''"^ °^ '^' *"". ^=>^^ '' consta'nt preSreare taken as 7-3 and 7-2 calories per gram-molecule, respectively.The loss in the first case for a difference between the air and flue erasemperatures of 690° F. (383° C.) is 7-3x383x109 = 305,0^ "alorfeshe loss in the second case, where the temperature difference is 650° F(361 C), IS 7-2x361 X 135 = 351,000 calor^ES, while the heat Kain«i byburning 0-3 volumes of carbon monoxide is 0-3 x 68,000 = 20 400 or with

'isfnm* %'r nn<r ^^•???
n^±"^^' «'^'"« ^^e net los; in the second ca^ as

a n;?Srt ?^:^^f
= ^^^'^^ ^^'°"^^- The additional air supply has^ad

calories or' 2fi'om '"'."^'"""f '"^^ *^\'T ^^"^ ^^^.OOO calories t"^ 331.0o5caior es, or 26,000 calories. It is probable, however, that the actual loss

me?hl'n^' n"^:;:^ '^i "Jf- t^' «^^""^ ^y '^^ combustion of hydrogen andmethane, neither of which gases were determined in the gas analysis

work ne^ofthrh^nfr'^^H-^ ^^^l""^ 1^^ ''''' ^"PP'>' "P°" '^^ economicalworking ot the boiler, a diagram hds been prepared (see Fig. 2) showing

at'ent heat oTsteam m"^
-onoxidefA), anu^hr heat as senJble heat an!

c»;." fu -^^^ ^^^ leaving with the flue gas plotted on a base reore-senting the ratio of the actual air supplied, to the a r requir^ for c^n^^pIeTecombustion with no excess of oxygen. The data used iSr the compuTitfonof he results plotted were taken from trial 72. Reference to thSe curveswill show that the losses due to the sensible heat of the flue gas andTheatent heat of the steam in the flue gas (B) increase, while the loss due tounbumt carbon monoxide (A) decreases with increa ed ai supply S^ve
tte ordinTes'fn'r'Jh^'tl"'",'

^^^' "^'^^ ^'^?"^ t^e total loss, C^t^he sum oftne ordinates for the two lower curves. It w II be noticed that the two

s for th'Uaf losTtoTn^*'"
'°
\'f?^ '"'^'^'y ^^"^ *"*^ genexal'tenden:;

is lor tne total loss to increase with increased ar supply This increaseWver, 'syer>- small and is most noticeable for values of air sunnK;ratio exceeding 2-0. Reference to Fig. 3 shows that the ratio o^ 2

pefc^nr^fToTTn'r
*" ?.'""

?i
^^'^"" Cioxide'r carbo'^monoxideper cent ot 10-0 and less. It would appear, therefore, that with the conditions prevailing during this trial the principal factor U be guarded aea^nst

of c".r^n''"'''
"-'^ '"Pf]!^- ^"'•^^^^' t^^ cLparativeiV laSe peVcen^age

found baT.rhXh'-''''''''K::'P'''^"''"« ^ '"^^ '" themLvel, were alwa%
fnrKtiV ^ •^''u" ^'"'^? *^""^*'"t s« that this loss was compensatedfor by a decrease in the sensible heat lost in the flue gas.

-"Pensatea
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It must not be inferred from these remarks that this carbon monn^iHp

'S' ? ^ r^^'^'^}f '«««• ^' i« "^t; but with the boileruS i^was notposs ble to release this energy without incurring other, and in^mrcl^^greater psses due to an excessive supply of air to bu n "t Whh ,Ecombustion chamber, a suitable warm air supply over the bars and thorS
rZ"h1 '^K

^"^'' ''
^^f'^' ^ P°^^'^^'« ^« burn this gas and to uSfrom 55 to 65 per cent of the energy liberated, for steam gei^eration

, •
,^?'e^ '"vcstigations of a more complete nature (see suoolementarvtrial No 115, page 41 have shown that combustible gase^thertha^carSmonox.de are present in the flue gas when burning peat, and it mayK£nas a rough approximation that the unused cner|y in these g^s^^^^ount^to one-half of that remaining latent as carbon monoxide Ba^l or? th

L

assumption, a further curve (D) has been constructed a distance^bov^ (C)equal to one-half of the ordinates of curve (A) Curve rDWh^n r^rl V
the estimated tot.l heat lost per pouncl ^f cirbon^ncluS ng the h/a"

'"
t

:a.rb;=X^t^SroV2'Var'/.l^"^ ''^' '' -^^^^^^

TABLE VI.

Trial

Equivalent evaporation from and .u 212° F. EfTicicncy per rent, based on
higher cilorifir value.

No.
Lbs. per lb. of
fuel as fired.

Lbs. per lb. of
dry fuel.

Lbs. per ib. of
comb, con-

sumed.
Fuel as fired.

Combuatible
consumed.

71 410 4-87 S-22 49-3 SO-3
72 i-9f: 4-70 510 47-6 49-2
73 3-Q5 4-96 S-36 SOS Sl-7

Economic Results.-This table shows the principal economic resultsIt w,ll be noted that there is little difference in the results for reevamration per lb. of fuel as fired, though, it will be seen, the best irforman^ ohe bo.Ier was during trial 73, when the fact is aken into con derationtha the moisture content of the fuel was nearly 4 per cent hXr for this

rth/ni''''-f'°'t ^"'-"f ^'J^- °f f"*^' ^^ fi"-^ Tbout 6 per cent lowe

tliluiti^uL"'\^' i""'^',
^^

t"
compared with those for the remaiStrials It will be noted also that they show up this trial to advantage

err;, JirT.^^ J"
^^^^ ^°

'"L^f
^^'""^ *"^' ^^ ^-as carried out with the largegrate area and corrugated bars. It seems, therefore, that this erate ^reaand type of bar were the best combination used during these thrJtests

In ordei to compare the results ot these tiiab, in which peat was used

?re'paS7see?rJ' "fr^lK'T '^'T
"'^'^ '''''' ^"^'^- ^ ^'ag^'m"L£

^^^ K
^ ^- ^''- ^^'^^ ^''°^s the evaporation per lb. of fiiol nlottedupon a base representing the gross calorific value of ?he fue"s tSd Thediagonal lines are lines of constant efficiency.
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It will be observed that the efficiency generally lies between 50 and
60 per cent, and that the efficiency in the peat trials was somewhat low by
comparison.
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Heat balance.

Fig. 3.

TABLE VII.

2B

All. o/ trial 71 72 73

Heat used for stcani-raising and thermal efficiency of the boiler
Heat loss due to total heat of the dry flue gas
Heat loss due to total heat of superheated steam in the flue gas
Heat loss due to combustible unconsumed:

—

(a) solid combustible

49-3
2t-0
8-9

2-0
3-8
120

47()
20-1
90

3-2
5.4
14-7

50 -.S

21-9
9-7

2-2
(b) carbon monoxide 4-8

Radiation and unaccounted for losses 10-9

Total energy in fuel as fired 100 1000 100
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ThJ'^*il^„^c?patT"oi; SSL^ T'!r ''^ ^-'H of a heat balancenal., in that the Io« dufto sur^Thea^^ t"^"^^ ^'l^'""* ^^-"n other li"£to unaccounted for lowes- anH f?. k
'^'"" '" ^''«' ""e gas; to radii^^n^

than^n those trials Prea^condu^cS^rth";^" 7^^^^-" SeThe percentage loss due to the st^am ,? • •
.^"^ "'Kn'te as a fuelKen ,n the fuel, the calorific value St^.T? *'i'''
'^e amount of hydro-

-Q (9130 + 4-29 T);

for a good coal -^ is about -1:1-
„ , y 12920

73, " "
I

3080 '^^"e fo"- peat as used in trial

SiZJ!!"
'
"' '"'''""^ '""' "- " «= "-> O-'of .he

Q 7590 1200
steam are, therefore:—

34(9I30.4.29T) and ^-^(9130

or2.96.-I and 7.6U -I
718 280

^4-29T)

/IS
—

pen.™, a,™.. .„„„„ „„ „, H ^^,,^ „; :xr:, ;: ;:

"", -.^

the case of peat is Hma t^ t.^
'"'"' ^""e the large loss in

^vithordinar^metLdsofste\mST''Y.•^^'^^ ^"^ is unavoidablelower cabrific valups nf V,, i
"^^'^'"8^- »t is for th s reason th;,^ th .

calorific valuLtr^XartX^lfi^e":? Sr Z''^"

'"^"-" - SeT
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Concluding Remarks—The peat used for steam-rai*:inK in these .rial,

cTnk:Jor°aS '
ft°b^ri"e^' w>h"^ *'^"'J«^'

^"^, ^-inino 'tro" blerdu^t
smoke ^ "^ ''''"*'' ^' considerable light coloured

60(70 7000 aOOO 9000 /OOOO f/OOO ifooo /30d0
6/tOSS CALO/iinC KALOe. FUEL AS FIRED. BTU f£/t lO

Fig, 4.

=>n^ ^^f ^'^ '^'"'^^ ^''"'^ obtained with a large grate with small air-soacoand a fuel consumption of 15-0 pounds per square foot S hou T^^
th^nTf,'"!^'"'''"

^^p}"^ ^o-- trials 71 and 73. Zh V ah^sp^e we" - Deuerthan the bars used for trial 72. in which Y air Ipaces were cmr>S

tfrf?
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but the loss due to combustible leavintr with tht- r#rii«« «,«..i i k j ..

than that p™««K<i by the bar, wifh thelXraJramS '" '""

thoJ^^ SI'S, i-^niKf^ret SbSTssiTsa^'' -"^
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FART III.

THE PORTABLE BOILER TRIALS

enKinc of about M) H P' ^^'''^ ^'^•'"' ^" ' s'hkIo cvlindor

seal S'f^T' '^^ ''^^ ^'''- -^ ^-- '" Plate L an. a lon^itu.iinal

Mdes cxr.pt the base, which r^unJ hi,
".?''? '' "•'f'"« ^"'"faa,' on all

straight type, with J" air sp"ce
'"f"''' ''> "'^' '""^ '''"-. which are of the

4o=2f^;uKt;rti;?;^,::;:i^S ^"Sr '
-^^'^'^

"" "^ ^"^' ''-"-^ -"-
takes place through the fiebofwalls whi^-h"'

^^"^' "7'-< transmission
of the burning fuel. '

''''"'' ^'''-" ^'^f^'^«l to the radiation

con.lSS^lIi^'^J^tl^-^e |K>ssil.litv of air diluting the product, of
mode of entrance is t'h'loug^t^g^^rbarsln^'; ^J^ZT"''

'""' "'^- '"">

itsc,- dSpiS^^;^:^ --I^^Jth^^ n-^-ti... over

pump operated by an ecccnt irkev^l t th" ^'^{""'"r't"--, and a feed
the latter fHi^^y, was used cluring the trials

'""^ '^'''^^ "^ '^''-' ^•"'^''"'^:

-ce ti^'boi^? -!^"t:;^r':^c:^t^7'''"l"; '^'"- ^ ^'-^^^ f-

A .un,n,ary of the leading particulars of tin' boiler is as follows:-

Heating surface, (firebox).

.

(tubes) -?9s(|,ft.

(smoke box, tube plate) .'.."..... "'o "~ ~ —
. '}

Total heating surface.
' ~

215 ft.

Width of grate. .

I-cngth of grate.
.

.

^'-0"

Area of grate. ... -^-0"

Ratio, heating surface to grate surface ^r''
^'•

GmeTf '
^"'- ^"/ •''^•^"•'"'^ f'^^'^'-" fi-^^- bars f^

c^i^ou^^^^^^^r "^^ ''"'
'' ^"-' «-- -- ^»

Capacity of water space, cu. ft l^
_VVorking pressure, lbs. per sq. in . .

.'

j^^^

Cc'Jeli'nJ^n^r^'LIVrS?,"^^ •^'^""- •^-^-'"- »' Es.,L.ana, S.«,e„. to ,.r„l., power at tbe
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RESULTS OP TRIALS 83, M. and M,

TABLE IX.

Trial.

Moisture
per cent
in peat.

19-2
20-

1

19-2

Gross calor-
ific value,

B.Th.U.
per lb.

Equivalent
evaporation
per hour,

lbs.

Peat fired

per nq. ft. of
grate per
nour, lbs.

Draft
in

Mack,
inches.

1

Equivalent
evaporation
from and at

212" F. per lb.

83
84
85

7730
7570
7710

621
802
1054

17 7

2.? -8

,?7-9

Oil
014
0-22

3-89
3-74
3 09

^..K^*"?^'
o//?a/e 0/ Workiuf;.—The rate of evaporation was chaneed for

fn thpHrlft^"'^H*!f
'""'""^ '^'' "f ^""K *^« accompanie<l Ty an increa^•n the draft, and decrease in the evaporation per pound of fuel

h.r. Yu"^, "^f««'P'*''« "/ Air Supply.—For the suppi, of air over the

S^ hi^rf^^'"'
'" '^' ^'^

"^"^'u^'"'
P'-°^'''^'^J ^y '^' makers of the toier

Site n?'»n r*"'
^^^ t^e carbon monoxide content of the flue K^--inspite of an extremely thin fuel bed—that during trial- 83 and 84 th^ f\Z

oWel?' T"^ fy'\t ^? ^'^'"'^ ^''' '" -^- to burn tht gas more com!pletely. During trial 85, it was found impossible to carry tie load withTnopen fire door so during that trial the fire door itself w7s kep closed andair admitted above the bars only through the small holes in the dS,r
'

"Mlc-lr* ItlLi^
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Composttion nf. and hnsfs due to. flue ^ns ~lhv .sf sfrikitin f.Mtun-
of the tine Kcih n.niiKKitmn I'l.iMf Xj, i.> thr v.rv '

.1 (..rU-ri tiiM,„,xi.|,-
confrtif, and this, it will Ih- s<..:i. i- ,-«p.-,i,illv hiyh f..r tri.il «5 ,|iirin«
whu h very little air was a.lmitt.<l alM.vc the luel Iml. I'lir total ilry tluc
Kas losses for the lirM two triaU compare I'avoural.lv with the >aiiie lo,-,
lor this fuel when Imrnl under the water-tulK.- Uiil.i, in win. h the tot d
losses were 27«, 25 5, an.l 26 7 per rent, res(H-etivelv: while that for trial
85 IS not s<i hitih „> niiKht at tir->t he expe. ?ed from a nas e.inlailiini; 4 7',',

rarl)()n monoxide, wiiirh i^ equivalent to ,1 hcitiii^ v.diie ot 15 jl'lh f,
per cuhic f.«.t of due nas. I he IukIi pent ai.i^e of <,irlion iiioiDxidi ob-
tained from thi> hoiler is to he .ittrihuted to the small w.iter-. nojed firelxjx,
which arrests the ((indiu>tion of the iMirnini; y, i-.es.

On referring to the heat hai.ince sheet 1 f.dile XI), it will l-estt-n that
the iM.iler ethciency for trial S5 w.is mil. h lower lli.in those ettkien. ies f,,r
the two previous trials; .md one ol.vioiis re.i^)n for thi-, is. that the total
dry flue gas lovsi;. were largest for this trial, due to incomplete comhusiion
of the c.irlM)n monoxide, thus incriM-ing the he.it loss to .1 ^re.iter exiiitt
tha-i It was reduced hy dec reasiuK the air supply [)er unit weight of fuel.

T.\BI j; XI

Heat balance.

Hiut ii^'d tor sliani (ji'iu'r.iiion

I.oss dui' to tol.il licit (if till' dry line na-is.
Loss due to total fiiat of MitxrluMUd .•.ttani liavinn willi llm

K'"'*

Loss due to unr<)n>unu'd iotnl)u.^tilile;—
(.11 unlnirnl r.irlHiii monoxide
(I)) lonibu-tiljlc in .i-.h .mil rcfii-c

Heat loss due to radiation and un.in niinifd (or . .

Total heat in fuel as fireiL iiNiai i(M)o iiNiai

The loss in efificienry for trial 85. however, is only parliallv expl.iined
hy the total dry flue kms loss, and the only rem.iii'ini; loss which is ni.iteri.dly
greater for this trial is that dti;- to "radiation ,ind un.iccounted for."

If the radiation lo>s he considered, it will he seen th.it, since the hoiler
is internally fired, all the heat lost hy r.idi.ition must pass hy conduction,
I he steam or water, throuijh the >hell.

.lince the steam and water lemjieratures were .ipproximately the s.ime
for the series of tests, the radiation r.ite for ,dl three tests must h.ive heen
approximately the same; and for the tri.ils in which the r.ite of ste.imiiiK
was smallest the loss cif heat hy radi.ition exjiressed as a percent, ige of the
heat generated was greatest.

For trial 85, therefore, the percentaK'e of radi.ition loss was le.ist, so
that the increase in the "radiation and unaccounted f, r" loss must he due
solely to the "unaccounted for" loss, wbii h means that the tlue gas con-
tainefl unhurned gases which were undetected hy g.is .malvsis.

Loss due to combustible in ash and refuse.— In the heat halance sheet,
it will he noticed that the loss due to this cause is extremely small, which
shows the fire bar supplied by the makers to he admirably suiter] for this
fuel. All the ash passed through the grate very easily, and it was unneces
sary to clean the fires at all during these trials.
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TABLE XII

Abstracts of results of boiler trials 71. 72, 73. 83. 84, 85.

No. of Trial.

NVt calorific value of fijrl a* fired UTh C
P«T ixxiikI

.

'

feat firr.| ()cr hour .

||,^
feat fired per Mjuarc f.xii of grate lurface oer

hour. |i'

IVluivaJent .Vdporati..n (wr hour from unu
1' <cl ^ r 11

Kciuivalfnt iv.i|„,ration (kt hour txr suuarr"'
f'H)t of hfatinK surfact- n,,

I oiuids of .Iry Ihx' Ka« i*r (x)un<l of rxat
lemixraturo in tlue Icaing Imiler °

V

fc(iuival.nt evaporation from and at 2I2°'k wr
ll>. of (HMt an firH ||„ 1

I hernial efficiency of iK.il.r furnace and grali-
fiased on the net calorific value, ^xr cent j

^^— -T=

Water-tube lioiler. I-ire-tulw l«iler.

71 n 73 83 84 85

7-»00

476

1

7490
58ft

6990
569

7130
160

6970
214

7110
341

20 S IS S ISO 17-7 23.

8

37 9

1950 2J22 2250 621 802 1054

2-88
12 4
720

3-43
9-8
760

3-32
III
71.S

2 89
9 8
690

3. 73
91
690

4 9
65
750

4 10 .?-96 3-95 3 89 3 74 3 09

Si I 51 -3 548 52 9 52 1

i

42 2

..nd ai», ,h,„ .Ki^irsi.'; hctmXr™;.': s.o'rv'''"
*' ""' ""•

interfere w th its ossentiTi m. .!>;..<= If """!^V • • ," " ^ '^n.iiiKe would
unlikely that it uS^p^'o^'^et^'cticair'*'''''''''

""' -'"P-^--' 't is
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PART IV.

SUPPLEMENTARY TRIAL (No. 115).. --...... vi,u. 113;.

per cent ormoSe"anT4'ri^^^een?of/ «"^- -'^" ™"tained 19.,
estimated at 7670 B.Th.U. f^/^SuS

°^ ''''•' '^' «'-°^« ^^^'^^fic value behii

TABLE XIV.
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An examination of Table XIV will show that the loss due to un-
burnt carbon monoxide represents only about two-thirds of the total loss

due to the escape of combustible eases. Based on these results, use will

be made of the approximation that th"? loss due to the unmeasured in-

combustible gases during trials 71, 72, 73, S3, ot, and 85, was in each case
equal to one-half of the measured loss due to carbon monoxide, the un-
accounted for losses would then be reduced from 120 percent, 14-7 per
cent, and 10-9 per cent; to 10- 1 per cent, 12 per cent and 85 per cent
for those trials carried out on the water tube boiler. These figures while
still high, are not so conspicuously high as before.

In applying the same assumption to the trials on the fire abe boiler,

the unaccounted for losses are reduced from 15 1 per cent, lo3 per cent,
and 20-9 per cent, to 11-5 per cent, 12-6 per cent, and 12-9 per cent,
respectively, which are much more uniform. The percentages of heat in

the peat fired which remains unused in the form of combustible gases may
be estimated as 5-7, ' 1, and 7-2 for trials 71, 72, and 73, while for trials

83, 84, and 85, they arc probably 10 8, 11-1, and 24-2, respectively.

It is clear that an increase of from 3 to 4 per cent in the thermal effi-

ciency of the boiler might be expected for the first three trials, and of from
5 to 12 per cent for the three latter trials might be expected if all the com-
bustible gases could be burned.
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