of flue gas from gas- and oil-fired fur-
naces often reveals presence of chem.
ical compounds known as aldehvdes
Formaldehyde 5 a fairly familiar
member of this group. Nothing in our
simple carbon-to-carbon-dioxide and
hydrogén-to-water reaction explains
- the presence of these compounds, How
_ «lid these strangers get into the parade?
Part of the answer lies in our com-
parison of two ypes of gas bumers.
Under one set of conditions, as we
have seen, oxygen associates with the
‘hydrocarbon molecules, producing hy-
droxylated compounds that are un-
stable. These form aldehydes which,
in turn, break down or oxidize until
f_urmnldehyd,e is produced. What hap-
pens next depends on how much oxXy-
B 15 present. Formaldehyde may
_ ?E‘Wﬂ with heat to form carbon
monoxide and hydrogen, or it may
m o water and carbon dioxide or
carbon monaxide. Any carbon monox.-
ide and hydrogen formed burns in the

i T
e, T — ey &3
i —tapicle,

which burn to carbon dioxide and wa-
ter. We have seen that it is the incan-
descent carbon which gives such a
flame its characteristic yellow color,
and it 35 the carbon which gives it
soot-and-smoke-forming propensities,

We have talked about these two
ways hydrocarbons burn as if they
were entirely separate. In virtually all
practical buming of hydrocarbons,
however, both Processes go on simul-
taneously and the peneral character of
the Aame depends on which predomi-

wWHAT OECODrs
FLAME TYPR?

CRACKING predamincibeg
il

| Heoting A ropdd 2 Tiema
tor mining is short
YOO YL ATION
predomengiey ol
1 Mg and heoting oceur
warly 2 There i omple
ng

ime o mi

What tixes noture of hydrocarbon flame?

.nntcs,_This, in turn, depends on sur-
rounding conditions. Early mixing and

preheating of hydrocarbons and air
plus time for the 0 ‘

XVEen molecules to
ter the hydrocarbon molecules, fay-

or hydroxylation. Rapid heati ;
lack of mixi e B an

decomposition,

ng time, favor thermal

We've bdnbu_red this business of
for two reasons: (1)

Biggest part of 1cal ‘combusti
gges Of practical ‘comb

\l{;:i involves them: natu e
01l are hydrocarbon fuels, so is th
:vphﬂ: matter of coal, (2) It sh_uw:

ral gas and

O

In a loose sort of ¢

Pound that is unstable. It ie ¢ ;
et e. It is not a true

_ ot :n:lﬂ.f carbon and OXygen atoms are

g ity TS ot fixed, nor is it entirely . jixture,
A 3 fuel, and the mu&e“&?ﬂmmutbﬁ dnr:m . u;

Depending on tem

conditions, this

example, cog) BaE jg
E:r; of BaSeoys
rOon monoxjde
n plug
other familiar fuels, l:lrluyf.j

!’ur.ls come into being g
Ing Process;

drogen,

Coal is another fye] that decom

into elementary fuel

s -
combustion starts. Whenb;ig:e Actug|
to the fire's heat o

gaseous h
cslnrbo'n monoxide and hii:‘rhﬂm.
distilled off. Jeay; £ are

: 8VIng solid eae
hind. Hence : i

thon be.

know the individua] burning
of all three elementary fuels,
How Carbon Burns. ‘
We've got the toughest of th
der our belts, havinggnlrcudy mhﬁ
gaseous hydrocarbons bum, The Way
Farbon bums has puzzled thy it
Or many years but careful experimen
seem to back up the curret:f l::f;:
This assumes that OXYZen penetrates
the carbon surface to break away
atoms which hook up with the OXYEen

Cxygen
Ouvter loyer of &
corbon oloms ’ ‘

%E‘: o @ ~

Xygen combines with ouler carbon atems

arbon-oxygen com-

compound because propor-

_‘tmperature and other
“US physiochemical com-

Emﬁh@ml’ﬂp“iﬂtﬂ carbon dioxide

lng carbon monoxide. If there is an

Actual Firing Job.

Now, with these fundamentals out
{ the way, we're primed to tackle the
T,.,n._ of buming commercial fuels in ac-
,I',}..-,] furnaces. Just what is this job?
[n broadest terms, it includes: (1) pre-
pAring the fuel and air (2) converting
+he complex fuel into elementary fuels
;,i.r hringing these fuels and air to-
;“1-151!*!' in the right proportions and at
the proper temperature for ignition
and combustion, and (4) transferring
heat from the products of combustion
¢ the boiler or other surfaces while
;.t,mmmg enough heat in the combus-
tion zone to maintain ﬁﬂatﬂi:ﬂtiqn
and ignition. All these actions are go-
ing on at the same time 1n any furnace,
and each particle of fuel traces the
entire sequence, in order, in its brief
passage through the furnace,

Broadly speaking, there are two ways
to handle this job: (1) in suspension
or (2) on a fuel bed. Let's look at baoth

Fuel bed

Practical fual burning takes twe forms

Suspension

to see how they differ and, more im-
portant, in what ways they are alike.

Suspension Firing.

When we think of suspension, or
burner firing, gas comes immediately
to mind as the simplest example. Here
we have a fuel already in the gaseous
state, ripe for quick mixing with gir.
Gas bumers thus need only proportion
the volume of air and ges to insure
thorough mixing. As we shall see later
when examining actual bumer designs,
they differ mainly in how and when
this mixing occurs.

Bummers for oil and coal, in additiFn
to proportioning fuel and air, and mix-
ing them, must prepare the fuel. For
oil, this means making it ready for
conversion from liquid to gascous
hydrocarbons, For coal, it involves
distilling off the volatile matter (gase-
ous hydrocarbons again, plus hydro-
gen and carbon monoxide). This must
be done in the instant after the fuel
enters the furnace.

Preporing Fuel.

It is the furnace heat that does the
conversion; job of the firing equipment
15 to put fuel into shape that makes
best use of this heat. For suspension
firing of both oil and coal the answer

is the same—it must be broken up into

many small particles to expose #s

N
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W mare arsa fo heat

much surface as possible. With ail
atomization is obtained in & variety -:ni'I
ways by the bumer; with eoal pulver-

rzation is handled in a separate unit,
the burmer merely mixing the finely
ground particles with air and injecting
them into the furnace.

In addition to small particles we
need fast motion between particles and
air to strip away the MICToscopic
“coats” of gas that form on the parti-
cles and thus expose fresh surfaces to
heat and air,

Furnoee's Job.

The furnace takes over where the
bumer leaves off, providing the condi-
tions for continuous complets combus-
tion. Within the combustion zone, fuel
must be vaporized or distilled, mixed
with air, ignited, and the resulting re-
actions between fuel and oxygen car-

ried to a finish. Chief responsibility for
bringing fuel and air together rests
with the bumer; the furnace can do
little to correct failure of the bumer
in this respect. On the other hand, the
heating and igniting job is predomi-
nantly the furnace’s.

The difficulty met in trying to bum
a single log in a fireplace illustrates
the part played by good h@u dd_:-
sign. As anyone who has tned will
testify, a single log is one of the han?:st
things in the world to keep buming.
while & number of logs will blaze mer-
rily. The answer lies in the fact that

Logs reflect heat to gach other

several logs, each re-
when there are scvera each |
flects heat to the others, for distillation

e raien I the
ile matter and ignition. 18
of volatile m ce must maintain a

pare and iﬂ“i“ in-

heat supply to pre

coming fuel.
Sgot :nd !ﬂlﬂk.‘t

With either coal o

formerly associated inﬂs e
al part of

. - batantl
d, of course, 8 SUbst
::ﬂ‘i! coal 15 solid carbon. Thus we

WHYS

PTOVES extremisly
i Ample ime. Here
- and soot. Natura

together, rais
mperature SWeeping away saccessive

layers of gas from fuel :

: particles, burg-
INg carbon as far iy
wh

[£
o fumace gutlet. an extremely short

r oil, some carbon

have the prablem

: of burn;j -
Particles, which Er i

43 We have seen,
difficult even with
15 the germ of smoke
lly, if the furnacs is

Ng mixture o ignition

_ as possible — geryr
ile fuel and air travel from burner

in camboarisn

tima eqeals diitancs

time. Just how much depends on the
distance traveled and the spesd and
whether or not flow is turbulent,

Turbuleat Mixing.

By turbulence, we mean a condition
in which fuel and sir whirl and eddy
in irregular paths instead of fowing in
streamlines from bumer to fumsce
sutlet. This has several beneficial =f-
fects: (1) There is an increase in the
time svailable for combustion. (2}
Better mixing of fuel and air results.
(3) Fuel aad sir mave past r.a::!? other
at higher velocity, thus helpmg ©
sweep away combustion products and
expose fresh surfaces. It has b?tn. well
caid that successful combustion de-
pends on three “T's”—Temperaliire,
Time and Turbulence

ond $lag. :
g[ar‘ we have ducked the qu:sntfn
of mineral impuntics (ash) ‘?“"‘d “1:‘_
many fuels and particularly l';ln‘:"::! :

These, of course, do nat bum. :m
pension Bring, if nothing else Rap-
pened, some particles would be carried
out of the fumace with the El;m:;

(#yash) while a}hm would gﬁm

of suspension in fumace _urmput

passes. This simple picture 12 & =
cated by the fact that, Wﬂ_
the nature of the ash, and mwnh
tent on surrounding conditions,

becomes plastic and sticky. 1f it cOmeS

i 1d surfaces
i tact with relatively 2o
mhinln:in-i,hi! plastic state it fﬂ[‘[P_i shi
Lm reducing rate of heat frans:
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digphragms in the exhaust hood preven! ex-
ure buildup. should the condenser lose its
governtor geared to the shaft in the front
sstal aperates the zovernor valves through o
omotor system. Main governor can be
"

mechanical or hydraulic; it opens and closes the valves
in response to fall and rise of shaft rpm.

An overspeed governor is usually located in the shalt
al the front bearing pedestal. Its function: shut a main
stop valve shead of the governing valves when shaft rpm
exceeds raling by about 10% (15% on small turbines).

Disk-and-diaphragm type of turbine shown above
i5 used where impulse staging predominates with higher
pressure drops per stage, and percentage of reaction is
relatively low. This unit handles mechanical or generator
drive. It features two points of automatic extraction
where part of the steam may be withdrawn from the tur-
bine al constant pressure. Steam chest is integral with
the casing. Control and extraction valves respond to both
shaft speed and steam pressure at the extraction points.

In this wrbine the moving buckets ride on wheels or
disks that are shrunk on and keyed to the shaft, The
nozzles are carried in diaphragms that have centered
holes through which the shaft passes, Seals at these open-
ings set & limil to steam leakage bypassing the nozzles;
vonstruction of the diaphragm limits the cross-sectional
area available for leakage through the seal.

All turbines need o lubricating system for their bear-
ings. Usually it acts as the hydraulic system for actuating
valves and servomotors, as well. The oil reservoir is often

remote, at a lower level to facilitate drainage,

.E-__"—lf-“%l”m‘"ﬁ“' reaction unll has only moving blades. Inter-
linders” of blodes mouny alternately on oppositely rotating plofes.

in 'h"iwﬂ shafts, vsually drives alternaters. If can handle high-

b “’l"!'-nl.t ne stotionary blades; steam can be exiracted

E'r-:n- stage of ]
e S3ge of 8 turbine has two bas;
nasy nomle and (7 3 ;
: ' moving bockst - '
Vil STl ving bucket or blade. Design '
r-:_m-rjj;ir-u CPELGS on fzr*,r:re oich as enlermg sta |
g 28 ot : | LIl SFam
s xhaust = Tessure, shaf
s p = Shall spesd. rated ca-
PACILY. steam flow, where part is located 5;?11'* uzﬂtd r
- 3 3 bc .P'-| her oo - - - 2
diy ?T?’jﬁﬁ. 42 wWe s3y -;J" ?htg;ﬂg;‘ﬁg i -:r.lr&'."_'rgi!‘;E_-
SUTE ral; _ - o6 p L Selection depends on pre
half of o Sleam seross the nozde. Fig, | o
i} N o | £
= I;_Zzlr: block for the Brst stage of an Inlermediate
1 1 | % / i AR
3 “L;r Vine.. Nozzles zrs gZrouped = they can E
trolled by indisi yiscal
nozzles: in croes

N 'El'!‘h‘...f:'itﬂ'. (L gta.

shows upper

' : be oon-
|]'I.l-a.i Vaives .I_'nf‘;f’ are t'hl:_nlﬁll C\_nr;".r-':;_":n:

seTlic 1 = g S5
i the steam passace 1s rectansular.

Mozzle block haos three groups of converging norzles
] of vanes making up this

F.‘"J.’l‘_li‘ Eha;,ﬁ_.-
?h-]tﬁn

built up of vanes welded in wo rql-ng, held in ::Ilir'-g

type nozxle ar
9 p L ln the high-pressure end t{:h‘: la!il:hil;
nozzle vanes are esually welded into the nonls 4.|h__
Fn the: low-pressure end, nozle VADes may k-.n#.-:il 5s
integral part of 3 Saphrazm s m E tasl 2s =n
Fiz. 2 is a steam chest for a small<spacity turbine.
Lonverging-diverging nozzles are drilled into the block

and a set of staticnam reversinz buckets attached for

0 X —
the 2-row control or velocitycompounded stage Steam
passages through the nozles have a circular cross section.

Single converging-diverging nozzle, Fiz. 3, has attachad
reversing blading. This nozle fits a small turbine with 3
2-row single wheel Typicsl nomle disphragm for a lower
stage of a disk-and-diaphragm turbine is shown in top
drawing, Fig. & Its two halves dovetail to make 1t tight
againsi leakage. Lower drawing shows 2 nozzle row for a
drum type unit; no inner diaphragm is needed because the
drum occupies this space. Fig. 5a shows nozmle, wheel,

2 Steam chest holds nozzle biock. Block hos converging-

diverging nozzles, plus o row of reversing blodes élaii-nnan'-bhdmg lavout for the 2-row ‘-15":§11'-'""h’-"-‘{ amt

Steam may flow more than once through blade row

3 Reversing blading, right,
altaches o a conyerging-
diverging nozzle, left

Typicol nozzle setups ore
far disk-diophragm wnil,
| ebove; drum iype, below

.




AL wing can be done with & single (4,

Velocity cnt:E:' ?qt::;ﬁ may pass just once through the
-.'uf__!ﬂﬂ“-‘"g'-_[’m"_.. 5a. In 5b. stationary n:rnrsing nozzle
blades, as .“:d Igphigh'sp""’d steam into a second g
at right Fi““‘ f:uving buckets. In another method of
th'r_l_Jl_th the ounﬂi‘ﬂé. Fig. 6, steam flowing from a con.
vtloeil}’ E_iﬂrml"_n nozzle makes three passes through
verging: TITrE“Ef“’ the edge of a solid wheel. Stationary
huckﬂlf!*_'m‘; mbers return the high-speed steam 1o the
reversing ; : along & helical path. Control stage fo;
RN Fi %, difiers slghily Trom Lo i o
hftgu. tur },.gve-bﬂ small percentage of reaction built iy,
since: 'i‘:]nﬁs or huckets take many forms. Fig. 8 shows
bucil:!g n?twa succeeding stages in a diak-amlgﬁﬁph ragm
turhine, along with the intervening nozzle, t_mlfets re-
_tl.l_l:hlnﬂir rorking force of the steam. transmit it as 3
ceive the ue into the wheels or disks that carry them,
mswggh:D:E buckets and diameter of stages increase in
511::]:::!%5113 stages o accommodate volume of the steam,

- ' hroud bands cover
- ki ds as its pressure drops. -S. s
L :thtli:;;agp: to keep steam from spnll:ng: out radially,
.T— ?[n hiﬁh-efﬁeiem:y turbines every effort is made to con.

e working passages through nozzles
ﬁ":; il::;: uﬂms‘;;ﬂnt: strips hehfeen bucket shr{:--uds and
an i diapl;fﬂgnmt fF'ig. 8, minimize steam leaking past
:: hﬁcket tip into the fullnv:*ing nozzle. -

Some turbines use pure impulse buckets without any
pressure drop across them. In other umlﬁ,fFlg. {, stage
may have some low degree of reaction—10% or fess—dln
produce a small pressure drop across the bucket. This

small drop can be very useful—it keeps all buckets run-

Designs of blades, roots, shrouds,

. full of steam, shaft thrust Pasitive in gne direction
moE o 0, blades of five slages mount p their i .
In Fig: . xial-entry rooq isks o
sols. Side- or a Y . 2 aliach them o the
ﬁhfi'l rims, Shrouds, usually riveted ¢, the blade o di
i 0 faen groups of lades toether g el o
yse0 .ot steam from spilling, minimize bucke vibration.
rﬁtacti”” blading for drum type turbines, Fig. 10, hae
'innr!r' blades fastened to the upper slatinnaq.h;ad___
EEEU which is supported h}' the turbine casing, Mm'ing
nnf{i;s dovetail into mating slots ap the drum rotor.
Hﬂu‘,inﬂ* steam pressure drops across hoth Moving and
vionary blading, radial sea] SINps opposite the shrouds
Et?l.mizé steam leakage past the blades. Turbine of Fiz.
m"mu;ﬁ two ceal strips per blade row; 105 yses thn:;,
IU?" I;I‘dll}' turbines that use ve]ncil}'«tnmpguﬁ,]ed control
slages, steam flows -:-'.'(.-Ir“mlII a part of the total periphery
;{ the stage. In tl‘_le_ ld]f? secion, buckets churn the
aenant steam. 1 I:IIS _me_lagc loss reduces turhipe
;[ﬁ:ienf.’*- To minimize it, shields I::t Fllilgeh- aver the idle
art of the bucket travel. The_;.' limit amount of steam
thippl“l about by the nonworking t_mur:!m!s. Fig. 11.
When blade height bm‘:nmea a significant part of the
total stage diameter, ratio of steam and bucket speed
changes over the length of ih-:a bucket. Then Warped
huckets, Fig. 13, must be used. Fig. 12, an exploded view,
shows a nozzle diaphragm, ste.a;ru vortex flow, a bladed
or bucketed wheel and the le.avmg_ E:l:h?;ust steam. Ideally,
steam enters the nozzles in_ an amal.dlrectn:sn and leaves
;n a circumferential direction, Imjmmg a vortex How or
eddy that is contained by the Lurbi.ne casing before steam
enters the moving buckets. To avoid cross currents in the

seals and shields influence unit efficiency

Shields cut windage
]I loss on idle buckets

9 Steam flows axially i
12 i vortex flow. Twis

entering:sto
ll_!!f blades

Yortex flow
of cirgle i I of llm‘ar veloeigy of stearm and radiys
Pressure mygt !h‘ o o e S
g Fal ggpep than inner rads
_ er radius
INear g il the in : +

) 0g in vorte How. Root
been - £y
equivaleng 1, 0% '?!m_':fntd for impulss flow. which is

AN, 1o Pressyre drop,

: =1 - Ve speed. 50 -steam shides
moothly gyer the blads. In the ideal situation, absolute

;:Eame &pcne.d should jusy about double the blade speed. Ay
ES exil g relative steam and

blade speeg < L% VeI difference of
ade speed shows thay steam has a residyal absalute speed

I an axial direction,

In our example, blade speed st s tp is about double

the absolute steqm speed. Relatively. then.
proaches the hlade from 5

motion. Blade section m
steam smoathly all the wa
Ing steam press
there will ke a
means

steam ap-
direction almost opposite Lo its
st be twisted 1o receive the
¥ up the hlade. Bt since enter-
ure 15 higher at the tip than at the root.

presture drap through the blade. This
WE must use 3 reaction-blade section. w
steam speed higher at the
force acts at the hl

At the tip exit,

ith relative
blade exit. A pure reaction
ade tip, a pure impulse force at the root.
veclor difference of relative steam speed

and blade speed indicates that steam eayes with
velocity in an axial direction, same as at the oot

1 low

o

T Ny spped
£ wda Spadd

' ith im=
Twisted blade works with

. . _ AR Dol ¢tian at tip
ge naxlel, "n:l: 13 jpulse Row ol rool, €4
return it 10 @
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eross the valve—about 50 pei or less.
LI I pressy »lubricated journal types
?,'L through ball bearings for very
B, and ring-oiled journal bearings
Fig '-i'= hrgu' bearings are almost
gt .'LE@T' b oil groaves in their top halves
vedge that presses down on the journal.
erential across most turbine stages

& the _ This must bo counter-

Hor 3 - position, Fig, 22
L bearing. lodividual movable
_ ling plates, left. Thrust collar,
T pu o0 the shoes from the right, and
betwe 'tl'l'-' ng and fixed components,

PR
1 A"

ws bearing surfaces, on the side of a jour-

ot bearing hor tapered
I- Hr[ “ﬂ‘hwﬂ'lmf bearing 24

Stepped labyrinth-gland yes| iy,
its both shaft steam ond alr leoks

ey 9

Carbon packing rings form simple
seal against shoft steam leakage

tides directly on the shaft. Springs anchored at the top
hold packing segments in place and against the sealing
surfaces at vight. Steam that does manage to leak past the
seals may be led to o lower-pressure stage of the turbine,
to a4 heater, or vented to atmosphere. Condensed steam
usually aceumulates in the last section of the seal. then
drains 1o wasle.

Stepatype labyrinth gland, Fig. 25, also controls shaft
leaknge, Intermediate leakoffs direct the steam to lower
turbine stages or heaters. The large intermediate chamber
may connedt to the suction of a blower which holds a
vicuum lower than the turbine’s last stage. This would
draw in Lp steam from the right and air from the left.
Blower discharges the mixture to a condenser where the
steam is recovered. Lop steam might be fed into the outer
left chamber to block air flow into the seal,

Seal strips have tapered edges so any aceidental rubbing
will wear them down quickly without overheating the
shaft. Stops milled in the shaft match longer seal strips,
forming a long, tortuous path with high flow resistance.
Enough axial distance is needed between strip and step

Lo avoid contact when shaflt and casing expand or contract

at different rates, Where movement is relatively large, the

shaft may be smooth with the seal strips all of equal

depth, Same tucbines use labyrinth seals in series, then
add & set of carbon-ring seals at the shaft ends,

The many parts of 4
VIAEYInR serviog coneiti
rom appropriate ! B,
ton promising long life at | e, cambina,
ol & modern tithine ar

ering candition.
Urtod 1o whgfy wor
Lan wipe out fye

energy enn be cony
toa costly materials
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Casings . . .

as er: s steam: and nozale ohesty ore
of steel. A sample Composition for 1251
el. { Stton tor 825.F
be 03 C, 1.0 Mn, 06 5, 0.06 8. 0.05 P. Ay 1
ather extreme, 10501100 F may e

with (LO8 C, 16,00 [:r‘ 13.00) N; 2“5!;': austenitie stes)

U0 Mo &
Wrought parts: 0.08 C, 18.00 Cr, 9,00 “N.;d:‘il; {(;'::

ununllf.- Wi |
MIVICE Iay

Rotors . . .

are made up of shifts, disks
buckets; each element offers g choice of materials
Shafts for lower temperatures yars from hut.m;;:j
heat-treated  carban-steel bar stock to :|Huv~¢lr-:1
forgings. Up to 1050 F the shafi may be a illil"':illi.;‘.':-'
0.37 C, 1,00 Mn, 0.35 Si, 0,035 S, 0,035 P. 1 95 ¢
1.50 Mo, 0.50 Ni and 0.30 V. :

AL 1050 F, drum would be s ferritic-alloy forg:
ing: 0.30 €. 0.50 Ni, 1.00 Cr, 1.25 Mo and 0.25 V.

Wheels for 650-F service may be 0,45 C. 0.0
Mn, 0,15 Si, 0,035 S, 0,035 P. H-t wheels are
of the same composition as ht druns.

or drims and blades oy

usually

Buckets . ., .

made of cold-rolled drawn stock may be stainless
steel: 0.06 C, 0.25 Mn, 0.50 Si, 0,03 S, 003 P. 115
Cr, 040 Mo, 0,5 Ni, Milled blades for ht service
would be about the same as the drawn blades, but
made from hot-rolled bars. Shroud bands would be
annealed stainless strips, perhaps with the Mo lefy
out. Stellite shields may be brazed on leading edges
of Ip buckets running in the wetsteam region.

Nozzle rings and diaphragms

for S500-F service are often cast iron or Mechamte;
as temperatures go higher, materials range through
steel plate, cast steel, steel and !rlllii!!ﬁ&-&lfﬂl forg:
ings. Some diaphragm nozzles for 950 F are ralled,
some cast aluminumechromium steel.

Seal and gland packing . . .

around the shaft varies from carbon to stainless
hardened stainless iron and m"?mnnlmslm?ll
chromesmolybdenum  materials, Springs ltu_ !;;;
packing in plave vary: Inconel, monel, stainiess steek

L &

Use high.v :

""nkfih‘::'f:l balibing ke the inner lining, cast on

often. 5a1d.y, 1|“ri et Ducks. Their ihelly. gy

are Ililr_m][ - rf ""rr:l. ]-mmn].—: and l.]'l:mq t:h“ﬁn
¥ oan ing art of the -:]1.:1!‘1. and of the

wWagh same journals sre buily ap of

i lﬂﬂ.ltﬂ n 1“"E""r".‘~:i'rir'.g h."‘l.f’.l !‘l!!'[-!!‘r

Maller besrings, are usually hraes
Al than the journal

*Prayed meta) g,
(I Fings, like «
A softe Mater;

Bﬂ'ling Mgt

of high-pressure e
TUre rijses «
uﬂi l‘lhnl-_'_

" Casings rupning
Pevinl problems
ation or growih

at high lempersy.
I:‘-_‘l'qlui-t of l"'r-p_-fp_ i_.;,rﬂ,,l_

U‘{ { ey i
relaxes holy's § Id materials under stress
0ld on the casing joints. (e Builder

Ry

;l‘t |‘:1£‘{;hr"“w tungsten-moly.vanadium allot Y]

or U2h F ; ive. Th: . . i
J”fl ﬂ]]‘!l‘f_"_ 1}"; mattr].."ll IF'.“'].."-L‘ ltfnpﬂ'ﬂf

emin . g S :
mhbriltlement and oXidation. has hicher notched-bar
ruplure strenpth.

As buolts ¢ reep they must be tighte
when they're strained 1o their rated level they musst

be replaced. 1f bolt material has a lower ciefheient of
thermal expansion than the |

ening siress is required,

ned periodically -

lange, less initial tigh

Piping . . .

materials range from carbon steel for lemperatures
below 000 F and medium pressures to Type 316
stainless steel for service up to 1150 F. All ma
terials lose rupture strength as temperatare rises. For
example, at 800 F, Type 316 has a 100,000he rup-
ture strength around 47,000 psi; at 1150 F it drops
1o 14,000 psi. H-p piping must have heavy walls.

Inlet pipe seals . . .

for turbines in the 1000-1050-F range may be stel-
lite. These sealing rings let pipe connections between
separate steam chest and nozale chests move axially
and transversely during startups and shutdowns.
Piping oxidation at joints must be prevented. [t
freczes the seal rings; resulting rigid connection
transmils piping expansion and contracting forces
to the turbine casing—perhaps causing serious mis-
alizoment. In one design, stellite rings bear against
g terminal ferriticstainlessssteel section welded on

the pipe leads.

Governing valves . . .

at the front end of a turbine are u':'-uully made,
like the steam chest, of a c-.lr'lmn-vhfnme flllo:a. one
of the alloy steels. Stems must resisi amh;lmn to
prevent fréezing in the packing, One e m.::;frer
phlﬂ them with 13-chrome lungsten-mnlj. wanadium
la be sure of good service above 950 F.
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span broad system needs

tween esmsupply snd process-steam headers, dj

‘an slmost Jow. Automatic governing systems correlats steam Aows,

A500 pRE and s, shaft speed and =haft ocutpal for 2Ny one gnig

are and 100 F. Pl?r:m:-wr;aﬁctmﬁli-m turbines bleed steam al as

- mechanicsl drives. oy p
= many 2= nme different slages. Pressure of extracted slram

o sach stsge varies with the turbine shafl load. By pres

- e | el 5 w‘
W - - _;u_;;rj’:‘_:__a iﬁ_': I_l'“qr can _il’_'fd"_'-*n L"P‘.'.' !fl["_'l'alﬂfi fﬂr pfﬂ-

. other coontries oftem == _
other croxtris B ces== wirk. So these upits usually work as generator dijyes.

oo wp to 2D :
s extracted steam is used for feedwater heating.

7 : Generatar-drive turbines often combine conds nsing, v

bestiny and morautomstic-extraction. .'-I&?hania:a!-dﬁ“_.

i iy steszs 8t i : 3
aeits exhasstiz;y s purbipes are designed to meet varied needs of industry for

READOMCARIIAZ GOIs ;
‘ to drive fans, pumps, COIRpreszors and

F.r;r'l.r | T 4

other machines. This =rvice generally calls for small

serted apotrdsng 1o gzam A R | e
rasrhi-dosw 12) rzhest [3) poncondensing gnils with exhaost steam used for h,ga[ing_
B : = Special types of turbines include the double-flow.ex.
o - bxpst sometimes used for mechanical-drive units. Thi

design permits high shaft speeds and low backpreesnres

"*— IS reperieated. uemally  where steam volume grows enormously and calls for very
- large passages between last-slage buckets. :

j*tﬁ'hﬂshﬂ two
St kcedds 4 patt of the main

Mized.pressare turbines lake stezam from h-p or Ip
sources or both o geoerale shaft power. Automaticerx.
traction mnil: may also act as mixed-pressure turbines.

Straighi-noncondensing turbines work over a wide

BSiaery Pontrel extrasted steam  range of throtte and exhaust conditions. When extlra
_H. Propertios of =ain sears  hafl power and steam z2re needed. an additional h-p tur-

ey within desizn mitations Whee

bine can be 2dded. Supplied with steam by 2 new h-p
boiler, superposed unit in diagram below exhausts at

Mhcoach the uoit dors not prodocs  hiph backpre=ure into existing main steam-supply lines.

s o meet e demand more gess Typical turbines of each class and construction are illus
These texbioes are pat be-  wrated on the following pages.

Heat-balonce arrangements are almost endless

Vitbinen it ooowt a5y heat balence as lonig as there is sufficient steam-
pressore desp. Most eficient bookup aorurs when processsieam flow and
shelt-power demands coincide. Shaft-power peeds in excese of that gen.
erated by process seams call for condensing units. Throttling valves
ISerT a0y sicam needs over and abiove what's required for shaft power

" e
Mﬂ#- S guts- Mg~ Stroight Single culo—
mm / ﬂfra;ﬁqﬁ Pressre non- 2rlraction
__m__ P s ing condensing condensing AoRCondensing
11
Low-pressure

condensing

Condensing turbines exhaiyst
ot backpressures legs
than atmospheric

Double-cutematic-

Single-guiomatic-
extraction

extractian

Triple-automatic- Single-outomatic-extraction Smgle—nunn:tnm:::
exfraction mixed-pressure xira

Neoncondensing-turbine backpressures cover @ wide range

| |
i e O i s
> TR} |l | |
== = = iy e e
‘ { ! i}-p_' 1! d! : E'—x
x : e 0 s
p 1 Dou 0 ic-
ot " Single-outomalic- .
5'13;:?:: gyiamatic ur:fatllnn extraction

Straight-flow
63



ve three main elaments

y First element receives
]

| h«p h<t steam from boiler
~ Two-casing Ip
double-low—reheat

High:pressure high-temperatire caning
o tandem- or cross-componnd tyr.

| . L Line features separate steam chests with
| fem— '] L pegral  stopethrottle valves. Flexihle
r ' - : I| inlel piping connects chiests (o sEpaTALE
; l 1 noreli chamberds in tarkine casing.
- ' ' Noublecusing construction allows steam
e 1 cooling lof i:Juh-h'Tll|n'!r;11.|ur- paris: i
glso means the inner and outer casings
can hove thinner shell sections, redie-
ing thermal stresses in shells and
Manges Exhaust from J00-rpm element
- of this lype ll‘-!li’c”‘;' goes o r+'}u-.;1|.:g; in
. hoiler furnace. Shaft gland leakage is
normally piped Lo a lower stage of the
turbine where it does useful work,

Four-casing quadruple-flow—reheat

| Imtermediate-pressure casing

_L ! _/L By takes steam from reheater

I| Intermediate-pressure casing s shown
i L “ul here along with one-third of the exhaust.

¥ low. turbine ol yle-fli I Sles
Two-casing Four-casing quadruple-low—reheat - : wol Tl,”|1 .;- o I.till,i L ‘ r';-i uni ! hd:?
l...ﬂg\lﬁ-r.heﬂf ’ | from the boiller rencater Hows Ihrough

intercept and stop valves belore énter-

. o ing initinl stage of this casing {lo
= right of center). After passing through

d three renction stages, onethird of total

- flow goes through three more stages al

I:I . i right and then through orossover lo

enter last six stages before exhausting
‘ 1o condenser below. Two-thirds of flow
leaves intermediante stages through cross.
under, then enters double-flow low-pres.
sure element, not shown.

| Low-pressure casing
extracts remaining energy

Double-flow low:pressure casing receives
steam ut center through crogsover from
an dp casing, Steam divides, flows
through paralleled l-p stages in oppo
sité directions. Last stages are followed
by diffusers, which recover some energy
from steam velocity before the steam
flows downward in exhaust hoods 1o
condenser below. Buckets are warped
in the latter stages because they make
up 4 large part of total stage diameter.

L o] P = =7 -.
P LA S e T [l | PO i, T ey
octy ~reheat
& Ly ..-'. -- - ¥ i
:
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fandam-campound
doubloflow rehout

Hp stodun galers donter ol hip vaning,
fenyes ot crghiv oned, Mehpatsd  steam
witerk ot contor and HNows (o Jafe e,
then through crossunder Lo doiibledflow
g turhibne exlinusting 1o condenser,

Single-casing
multistage condensing

|nlf1um1 LRI l‘|'l-r1nt lum r-ltm-up{frﬂlml
governing valven; yeloolty-compeoinded
feet stige higs full pre admiseion, Two
popadtamatic oxtraction polnts in this
diskcandidiaphragm  design  withdraw
weam for loedwater leating, Lost five
stugen 1ne pwdsted blading, varying re
petlon wlong the blade dength; other
atajean Dinyve dmpulse blading. Ballseated
frant  Journnl beatlng ooareies thrusts
hearing surlace an each of fts sides for
pwo ks eollues shirank on main shalt,
Diaphragos Ot dizeetly in shoglo casing,

Singlescasing
double-flow-sxhaust condensing

Stenm expnnds from 600 palg, 750 F e
000 g abs, Doubledlow arrangomont
ol Tast stage poermits shorter blades fo
ot ean run ot Wigher spoed-ip Lo
OHO0 r e an good engine efficioney for
woelinnioalideive serviee. This unlt hos
Ha exbinusl opening ot top, It can de
wolop 14100 ahafe by o eated speed:
Diskenndidiaphragm  design  unos  Ime
potse Bilaeling in all fis stages, han one
Bulm ol nonautomatic extraotion for
oilegfund wator heating,

Lol all reaction stapes 6 Whis drinm

sther general-purposs unite Mar o

5iﬂu|¢-mﬂnu
tandansing

Ualoe Iy pinproinded  Tiesd  sdype fire

T T Dhigmimay piston wt Ll of
[ret  alige helps the thrs hmating
siinterbalanos inhimlanced foroe of g
T L I |'r|- I‘ Uragin ili At f,l'
qiires oodram prvinehes g ol orged seckioms
- filedl |.r;.fl!|'|-l Alteir Lot Leriiting
il 1 litedd Lo recslse craetion blad
i s ds o removod lop  feedwaie
bbb ot Lolr ponsutomatic-e el bon
poln| Turning wear onounts o shisf

Lirwrindtil AWO ;nllllml T arings, Ml “i’.!’"

R‘N‘id"‘r 1‘-!‘I"Jh-'lprfihd [qr:i.a,

Single-casing
condensing

Vilorilye rllllliliilfrllll"f! firal stuge s 1o

lawed by ten dmpulee stages, Ballahris

henring ||il|a- it |i|jrhl'l| ﬂ‘i'l'}”l.-. Lin
foft end of shaft, o contrifugsl governor
sontrole steamdow salve throngh link

dieen, Hond valves, as on upper el das

N canlrol nozade JLri g {ir more ol

clent partdaad operation, This unit cun
he Otted with nonoutomotic-exiyaeiien
optings; 1o withithriow stenin {oy h“i
woter heating. Corbonxing seals ore
sl i plirs s and casing hards;
Liraes ofl rlngs, dipping into reseryolrs
Lo o k Ly fiu- nli, hibipiente Hlils sloam
trhine's two Journal bearings

e ——————

Four-stage
condansing

Steam ohest de equipped with Dhardif
control vulves: I rods moye bar from
below. This disk andsdispheagm desipn
iaes Dmpulse stoping only andd exlipusis
Uirongh an upwird-dizeotod haod, Al
ahiaft swals wre of the stoppedsdiaphragm
Iy, Since inlet-atenm papditions are
moderate the unit does nol peed o
vilooitycompounded TiEst st ge: l.'«u"rr‘i-
nar and speed ghanger mounhl on tigh
ol of whiaft, Thin web beam under
feont ol ol taehine o d o n dﬂﬂ:l rA
ponsdon during storiu s with n-.iuu.mn‘n
ALEain on casing gl Keops (he tarhine s
shalt properly aligned,




. | drivaes
s ol bott anerator and mechanica

Rodiolflow
double-rotatien

Thie unlt drives o alieenatingCurrent generators, e o
wach shaf. Groeretors ard tied togother electris ully, to hfr_-'.
the ,,Fp,,ﬂu.-l, retating slialis in nrn-'lumpium I'l_..r heai blude.
stearnapeed tatlo of the venction Mages, Muoltidisk torhing
s drrangsd o lup steam Irinm supply line and throols
vilve enters [ram below It Hows Dirst ioto the snnular slenmn
elieat, then through Loles in the overhung blade disk 10
ihae venter aren af the shalt

Oppoyitely rotating shaft wnd Dlade assemblies wre shown
in lmhl jray and |ijrh| enlar, fllp]uuilr*"f nm'-‘il'lp! bhlides haye
seals o minlmbe ALCATD l*‘ﬂl'ni'lﬂf' LEL thelr H[m,

Siaatn Mows outward radislly through first concentrie s
of bludes. Then b turns 180 deg to flow Inward radislly
through o srennd wet of eoncentric hlades, [ ngain makes
o iB0dep turn o How radinlly outward through the third
wt ol blades Fram hore steam flows into annulay Npnh
leading 1o exbisust pipe at bottom of turbine, Dypuss valvs
w tght of disk o snnular steam cheat lete hep steom skip
firat sl of Blades 1o eniter the second sot, providing overload
aperatiun st rediced efliciency.

Wuek pressure tarbine develops 7500 kw, It can be designed
Lor autamatie or nonsutomatic extraction ol partly expanded
stein. Sinp type labyreinth seals on the moviog blade rings
mindmize steam leakuge past the blodes, while concentric
labyrinth seals between overhung disks and Snner conings
put down leaksge shortcircuiting the blading, Labyrinth:
[j!ﬂﬂ seilh ar the two shafis control steam flow fhlﬂllgh
these olearnnoes, This upit handles generator drives only,

Noncondensing
noenautamalicexiraction

In addition to genorator serviee, Ins
dustey uses tebines ns PEime movars Lo
deive  pumps, compressors and othor
types of machinery, Thelr prime advan:
tage in hiatbalance fexibility: throttle
sttam wan be used at boller or process
preasien; exhaust steam can be used
lor hmling and process, or condensed,
Uktraction and  high:-binckpreasure  or
topping sorvies are possibilivies, too, H
pxtraction or exhauost atesm can be
used, o steam drlve hos definite ecos
uomie udvantage,

The centealistation holler foedpumps
deive turlidne at left takes steam at high
prewanre from main line or at lower
preasure from reliont line, Sketeh slhowa
nlternntenorelebox design for hep, bes
low, and Ly, ahiove, Gontrol yalves are
doubledift poppet type. Unit has seven
npilse stages with two pongutomotic
Uxtraotion points lor feadwater heating
It oxhausts noneondenslng o malnoyole,

__-_.-.-._

Naﬂmndtming
single-auls matic-axlrocion

Firsl niisgss nre yelo iy Conmipmanid ead "
[l-I.' |,|11 l;u ae il inTik, H!l L I L_."

fwo dmpulse stages and Ly e T
Hlire Secondary-siesneeham [} pet
valye control steam How ity the (r

ol seclion, MEiniain eansianl 4T

tionesteam  pressiure or process o

Liplt in fiteed with steplabyrinth in
fernl g und  shall s s, H”ij,-—?njl‘?
thrust bearing. multiple valyes in rach
iedm  Chesl Dinks ol this unil ars

hiruink onlLo the maim turbine Lluh

Low-pressure

condensing

This turbine takes low:pressure steam.
al 100 prig or less, available from proe-
i exhuust lines. Iis lour stages pe
twisted blading lor high stage efliciency.
For high shaft speed, unit has rolor
milled out of o solid lorging: lor low
ey, stet]l dinks wonld be shrunk
an m solid shalt, I'nlll'lldl llﬁﬂl’jﬂﬂi ani
Kingsliury thrust bearing position shaft,

Noncondensing
or backpressure

Seven impulse stafges are controlled by
s multivalved steam cheat, Since back-
pressure is high, this unit needs only
u smull exhoust hood, Turbine is used
whero r'rwrr-lm*nnun* (IrOCcess sleam and
olectele generation are needed slmul:
tineously by an industrial plant

The exhaust-pressure governor holds
whatevir exhaust-steam preasure the
provess requlees, But ax a resull; stear
flow through the turbine and its nlhll*ll
output vary. The turbine must rup i
parallel with other generators that can
mest varlations In eleetric load; it
cannot follow thiem when under exhoust:
Pressyre gaverning,

This turbine may slio “top™ lower:
pressure  turline generators, taking
Meam from a new lep hollee and ex:
housting at Tower pressurs into the exs
st steam maln of existing farhines.
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mndiﬂ turbine may he

Lol eapacilies—{rom less than 1 hp op
A . De jgn uses one ol two drandardived
WEES (N8 I'li L L mﬁ?iﬂ 150.F and down
3 0= 10 B0:pu fﬂhlﬂ!l.-.'llﬁlil' iy exhiiust 1o process

I

A b L L

! [

M

g _ﬂun bins closefilting casing at
‘o wheol and blading. Converging
ol because sleam’s pressure atio
mpeed-emergency gavernor Lrip is

r‘ﬂﬂmlﬂ" ywﬁglll‘ nssenihiy.

T |
f-drive m[ﬁi are single stoge, velocity compounded

- - v : !
S da __ifl 4= — b
e e '_-L - ]

Mechanical-drive design for up to 100-hp capacity takes
steant oy GO0 psig, 750 F, exlausts at 75 psig, Shah y;;u{;.j
of 3500 rpmi drives foad at up to 300 rpm through integral
eoduction gears Flyball governor on shaift end  controls
bulanced valves through linkage. Carbon rings seal slml't-_

o W™y o=l g

Velocity-compounded turbine with single wheel ani
high backpressure features extensive spring-loaded shaft
sealing. Steam sealing and gland leakofls must be used to
l'.ﬂnl!ul steam leakage nlong shaft, A shaft-driven oil pump
provides governing, Hund valves up part-load efheiency.

e
|
b
% '
-

A

ﬂ "‘fn'ﬂ‘mm : -hl-’-h""hﬂtkl?!!_.llura turbine Is huilt to
) ﬂ}m‘"d flm“.-' Fur high speeds, rotor would
. i,r- ch ;ﬂd,"ujwufﬂl'ﬂlng Unit hos four impulse stapes,
Al govarnar, lelt, positions: pilol valve. of hydraunlio-
YLK 3y, _P@'«Mﬂl!ﬂﬂ_lnl.hmlllléd wilves in steam chest,

upto 10

single-slage re-entry turbine uses «olid rotor will

cular blades milled out of periphery, Wheel is .prr:-:i”'r-
and K¢ yed Lo <haft. This unit "l'l"“.‘lnl}-. op to 650 .h- .. .H;:
650-psiE saturated steam exhausting ag airnﬂ-];rhu;-rir ijﬂﬁni!
calve nozzle control helps reslize better part-load .-ﬁn-iuﬂr:li.

Multistage turhines velocity-compounded fArst stage uses
wheels. This type may be condensing or non-
runs ut shaft speeds up to 10,000 rpm. 1t has
arings and a doubile-
shall.

IWwo separate
condensing,
carbion-ring seals, ring.oiled journal b
“tl!l.’*l Ihl” hl'urlng 1O |:|'_||]I|‘|;II T!l‘jhii‘“—‘lrl l!' ll'll'_‘

is huilt lor inlet sledl

High- i
gh-speed turbine 78 i, Upper half 0

and 1000 F to exhaust at up
compounded wheel is closely
The 12,500pm shalt 15 desig
oriticnl speed hut well helow

ned to oo well @ 1
the cecond-critical speet:

y of 1450 PAle
[yghr{:il'f'

' indage losses
Uitelded against windoge JO=C

Si“gtﬂ' st 'EE i -

%10 mF” ¢ | -

r].fl:lhj" ‘.l'\.:"} "'-'| l-‘ - .f ' !‘ as ]I."I'I‘l 1] JAXirmnm
W Zipmig 5I5-F weam arid '.I!.!,.r-;ﬁ I:L‘fti-f#-:.i_t-!-

runs al shaft sperds up 1o 4000 rpm
T-FI'H!"* 1< _fﬂ!"ll wilh hand-conir
efficiency. Stuffing boxes

e ————————————

Urie of its two groups of |
: | :

lled walve f{or panload
use semimelallic packing av glands

Velocity-compounded 2-wheel turbine i= bailt lor

165-psig batkpressure Eich chaft gland has ten
Gland leakofls dispose of a linle condensed-
Hand -|-r"'||: changer :;l'ljl"!‘.-!'-.! {0 governut
T - maximum: oW rpm.

cArbon-

ring seals
sjeamn leakage
linkage varies speed range by 20/
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* ““ _u'iuw AT iy

S manCr

A |
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has wlm-il\'-cumpuundr-ul ﬁ-._'a! stoge
| Combined lubyrinth 1.md
as carbon TINES
vernor al
he shalt.

sing turbine
Condensing opilie SSEES

[ulluwl'n.l by twe . Lp end b
_ < at hp enel; kP

A wals are W : : | go
rnrlft S drives gear 1YPe oil pump and ﬂﬁ:n!‘ E
pnly. 2ha luded 1o position t
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, functions to control steam
. It usvally does this ta keep some
we want 1o hold steady at all loads:
1 (2} exhsust-steam pressure (3)
sssure (4 ) inlet-steam pressure (5)
harge pressure (61 driven-equip:
ure ot {71 any combination of
shaft speed iz most frequently con
to see how turbinies are governed.

sta "_n-witi_h.nul--gﬂvm-
it load and t | ft_'_t_]_.p__&.t_alvg gpenin_g
m conditions remain steady, But
« with constant throttle-valve
up because it's gelling too
sed to normal the valve
he new load. When
s constant, the turhine
As afl-s peec i’?ﬂﬂﬁ'ﬂ,‘"

l" -

aderapring force must arow foster 3 Speed-power curves show how o speed
 the welgh! farce of speed dives

RNING controls shaft speed

below 100

= o 25 50 75 oo
Percent of rafed power output

changer shifts droop characieristic

1 and find out how flyweights act by themselves. First let's
hold the weights in their innermost position—weights in—
with the speeder rod, and turn the assembly at its rated
1009 speed. We'll exert a downward resisting force F
on rod while weights turn through circle with radius R,

If weights move through a circle with larger radius, we
find that force on speeder rod is larger, though speed is
still 100%. Force ¥ = MR (rpm)® where M is the fly-
weights' mass, R is radius of their motion and rpm the

number of turns per minute,

Plotting force F against governor travel or speeder-rod
position for various speeds from 98 to 102%, we get the
family of straight-line curves in Fig. 2, which ideally
converge at a common point off to the lower left of
the chart. Slope of each speed curve has a scale reading
in Ib force per inch of governor travel.

A speeder spring with a scale to match the 100% curve
develops the same resisting force F for a given b per
inch of compression or governor travel, Spring scales set
at the middle of governor travel at 100% speed would be
!_iruf: as long as all factors stayed constant. Bul as soon as
load on the unit decreased, the shaft would speed up.
Then weights would develop more force than the spring
over the range of governor travel. Weights would fly to
lhﬁi;r weights-out limit, shutting the steam valve.
~ As steam Mlow stopped. unit would slow down, Slightly
% speed the springs’ mechanical force would
alance the weights' centrifugal force and slam them
weightsin, completely opening the steam valve. So if

“Iight and spring scales are equal they're continually

pasic turbine governor adds refin,
Ements 16 bogsy

Flyweight Flyweighy ’h\ Pitot vaive
speed
rovErnar sEcad Flyweight Or
gures Qovernge ey gh din Servomziar
qﬁ'iETI".-'}‘ H_.,..F
s / < | -
..-—5'0 ;‘E L Servg- - Drajn
~ /
¢ _ motor
;7 @il Pilot
Valve
Supply .
Rmphifier
= 7 Gn?m: pistsn
Speed Contral o ;
/ i Control H=p i ;
changeér valve drain valve il Ola)

Speed-changer spring allers force ocl-
4 ing on the steam-controlvalye |ever 5

fighting, producing wild hunting from fully shut to wide-
open throttle valve, without hope of reaching a balance.
Obyviously, this is no way to govern a turbine.

Speed droop. To get out of this dilemma, spring force
must grow faster than weight force as speed rises. Spring
scale should be steeper (larger) than the fiyweight scale,
solid black line in Fig. 2.

Suppose the turbine is running at 100% speed. where
the speeder-spring curve crosses the red 1007c-speed
curve. When shaft load drops, shaft speed rises. Then
increased force of the flyweights momentarily overbalances
the spring force, raising the speeder rod to decrease
throttle-valve opening. Decreased steam fow limits shaft
speed rise, so spring force again balances the hig‘her fly-
weight force at the new higher speed. Governor can't travel
to its weights-out limit because the spring exerls grealer
force than the weights beyond the new point of ha]a.rl-:‘.E-

[f the turbine is running at 100% speed and load rises,
the shaft slows down. Then Ayweights' lesser force Jels
the overbalancing spring force lower the speeder T”d }:“
open the throttle valve wider. Increased steam I.n‘tfs'lhct
speed drop so diminishing spring force "FMChfSI“HFiE
force at the lower speed. Governor wont rave tahﬂn
weights-in limit because the weights exert more U
the spring below the new balance point. SR

Al each point in governor travel the turbine ruﬂu-]ond
definite speed, slower at full load and h'lst~eij ;81451: frml;
For the spring scale in Fig, 2 speed varies by :
full to no load. This is the governors regufa!::;r:i Tﬂﬂi?«
droop. Fig. 4 shows speeder-rod and E“f’lml'“ :;l lay @

Frictional effects, ignoreq in the ideal ms-:lu r}:ﬂgﬂ e
big part in design of a working g.ﬂwzmirihe Seishli'i“
unit is running at 98% speed in F,'E‘ ‘u' ce Tises, but
position, and then speeds up: Weights torce &

Hlni-_mlw-mmmﬂtd wrvomotar leky
weak governor foree move seam valve

¥olee

B Devblerelaying spatem helpr governor
haridle the very lorge stecm valves

because of friction in the linkage and glands the governor
doesn’t move immediately. By the time the turbine reaches
9% speed, force is large enough to overcome friction
and the governor travels along the apper dotted curve.

Now let's bring speed up to 1019 at A by reducing
turbine load. Next, we'll start to load it again; the tur-
bine slows down to 99.4% speed at B befare the gov-
ernor responds by moving toward its weights-in limt
along the lower dotted line. Vertical distance between
upper and lower dotted lines measures the governor's
dead band, which in turn defines sensitivily: speed change
needed to produce a corrective movement in gOVErnor
travel.

Speed-output curve, Fig. 3. shows how a governor
varies shaft speed with load. A given spning scale 4
produces 1000¢ speed at full load. As turbine is unloaded
the shaft speed rises until it reaches .ll}l»' b speed at no
load. But usually we want to keep shait :-'-peed constant at
all loads. So a speed changer, Fig. 4, 1= afldm]. It puts
additional spring force on the lever controlling the steam
valve, is regulated by hand_ or rcmc-lc-cu:_n‘r_ﬂ!lcd Tr:;umr{.i

Suppose we have a 100% .lua‘d at 100% spe mla:
bring load down to 73% 1n F;Ig 3. Speed l'ﬁﬂt;:u !‘;.‘K"E':j
We would reduce this to 10056 by EWSEnan .r.' _

’ o the steam valve to close a little
changer spring, allowing e SE9 0 cpring sd:
more. Fig. 3 shows chnra-:tenf-ijc_t or 8 =L I
C e 4 a1 25, 50, 75 and 10075 loads.
justed o hold 10050 speed at =9 L el

] governor, Fig: 3, is used Where s .

Reayes s force to move the steam valve. A
doesn’t dcq.-e!up_ enough force s Valrs e
floatin level iy speces flﬂ the control valve. Initial
cervomolor that actually moves

I H | lre II . G I
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Exhaust-pressure regulator controls ol
Variablespeed cilreloy governor's air moter also acls on ]g pressure to turbine’s main *Ervomotor
. ana H i I a
T . oil i fo 1
_ vine fromt pedesiol houses the mechonical Q':l::nar wnit ]B floating lever to control the main steam fRow into urbine
N Turbine fr: for reguleting
. . Wene  relay volves ond secvo—ortoss

—_— —r
e
e

4 Secondory
Relay governing
. T T traction g_v-'r.-'_-‘._r'l‘?-""l; _{L Bl & o Ly pressurs
e - oy S 4

assembly stands at upper left. Pilot
valve controls pressure to the pri-
mary servomotor: it controls the sec-
hitor m pilot valve, lower right. This
W‘.@- i i...,;;i.-r:- the sex ~.-.n-far~. servomotor or
power piston, which opens and ecloses
main _ull:'ua:nurranir--? valves,

Fig. 17 diaerams a governing ped-
estal for a medium-size turbine. Fig,
It s a schemalic for a variable-speed
ilrelay governor with an air-motor
control on the floating lever. Fig. 19
shows the pressure regulator that con-

Soesd rols steam valves on a backpressure
changer ' unit. Fig. 20 has some details of a
Governar hydraolic type governor.

oil impelier) i

gOverr

r.?-sul_uku.auh'--exlrar[ic-n unit’s

MNg system. Fig. 21, combines
three signaks on three relay pistons to
bold constan pressure at each ex-
: and constant shaft

traction Opening
‘Peed. Spead changer after governor

T
[ -5..\‘_‘-}'."!“ l‘-iﬁ!ié I

Main oii
ey

Goveraor—
canrro/ied wolves

elaying-ojl pressure,

shif dnmp -:haracterislic«:- as
seeded. Pro. '
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TEaying-oil Pressure tq
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Pressures
f.»-:mr-r.m"? system
Fisi TJ -a:‘,:&[i-'_‘-!‘f\udl_.tit.ln turh. &d.s
hic) jects through the i overnor shaft. vle fewer _ ine n
s in Tl . 3 v;ﬂiigli governor, Spring- iy ;::TWHE" Fig. 22; j controls
e tn 1“.15 mu;h:hﬂit lheuw s.lum5 uft swings out on overspeed 10 4 'ullf! ind extraction valves. Fig.
ngs to  lo: WEgaL, ' . lower left. Sand, o 2 Sectic ugh f
‘€ . valve, lo " tand, ug ront
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for a single-

and other ele-
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Condenser

BD — Gland blowdown valve
CV — Turbine control valves

DS — Desuperheating spra
. y valy
MS — Main steam stop valve :

NR — Extraction nonreturn valye
RD — Relief diaphragm
RI — Reheat intercept valyves

RS — Reheal stop valves

— Speed governar

|

2 — Qverspeed governor

3 — Pre-emergency governar

4 — Lload-limiting meter

5 — Initial-pressure regulater

& — low-vacuum frip

7 Confrol-volve position meler
8 — Solenoid trip; hand or re!uy
¢ — Low bearing-oil-pressure trip
10 — Thrust-position trip

CONTROLS AND

Shﬂspbed is one of the most important variables in Tun-
ning & turbine. We have seen how some of the many
sivailable governing systems control speed in turbines
large and small. For safety, the operator must always

p have on hand certsin minimum information about his
. mi. As turbines grow larger. automatic aids or con-
||I e -

ine needs in controls and instruments
. represent & minimum: speed governor. overspeed Irip,
U throttle- m ssur gage. throttle thermometer, exhausl-pres-
sure gdge hubmndﬁ ’Where_ the turbine controls or
:ﬁ “header pressure, ils speed governor in-
~ludes _' ‘exhaust-pressure regulator o adjust the gov-

e

-

nressures chould be known to hold ade-

S T T‘ﬂrbiﬂﬁ thal use g_imu]aling-{li]

=

: systems have pressure gages at pumps, bear-

nd flters: thermometers are needed at oil-
" @!hi!lﬂ al bearing outlets.

: 3
1}
e

i
—

| 5 yment grows with turbine capacity
conditions. As an example, let’s look at
reheat turhines for automatic
= ion, right.
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—
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INSTRUMENTATION

limiter controls steam flow during startup by selting
governor valves as needed.

Pre-emergency speed governor controls governor valves
or reheat-intercept valve or both during sudden drops in
load. When turbine speed exceeds about 101% the goy-
ernor starts closing the intercept valve: at 105% it shuls
the valve completely. At about 1049 speed. steam trapped
-1 the reheater is bled down until spent. Speed governor
takes control when speed drops below about 101??2-.

Initial pressure regulator keeps boiler and turbine from
running with fast-dropping steam pressure and'temptra-.
ture. When pressure drops to about 90¢% of rating, regu:
lator closes the control valves to hold the pressure. At
about 807 pressure the control valves are n n;:::]l
position. As pressure rebuilds, speed control is returt
to the governor. |

Gtrerfpeed trip backs up the normal 5peed-gu\r‘ﬂl'ﬂ:1£
system. including main and pre-emergency Spﬂd nFinb
ernors. At about 1109 speed the trip goes mlala-. lm;
closing the main stop valye ahead of the c@nlrﬂ "'i* =
to shut off all main steam supply- Slmu!lnneuufil;m_

(1) closes the reheat stop valve ahead of the “halpﬁ
cept valve to bottle up steam in the reheater (2] close="
check valves in extraction-steam lines, so bleed condensat

can’t evaporate and flow into the turbine (3) open® ol

gland-blowdown valve so steam flowing thrn!lghﬂ“fﬂ_l_ﬁl

from h-;p to i-p casing can blow dn:wn dlfff "}I

condenser instead of flowing through i-p and I-p

1o cause overspeeding. e i he
Low-vacuum trip shuls down every El?am_h‘;t‘: :1:50311

turbine the moment exhaust vacuum _f'{lls = m %

20-in. Hg. This prevents overheating the exXne%

alarm at ll'ﬂ-' h_und warns when ils temper_ahﬂ'-

and overstressing the last turbine stage: An ey

jnstruments give data on steam flgy,
r Wurbina
e

M""%n

accenfricily melar
v ff-vibration meler
g-pasition metar
ng-expansion meler
ferential-expansion mefar
{ and governor-valve.

(z]m r_;.l' |-f.l_|r

__i 1J Iﬂr;J::.Ur{..r r;:,‘.”pa_.rnrure-
hi-flow I;}J;::.s_. ltemperafure dlarm
homerer
ym pressure, femperature, flow
rie-grovp préessures

Eelrachon-steam pressure,
ymperature
Exhaust-hood pressure,
eralrure

Gland-steam pressure, temperature

Reheater

provide for safe, efficient Operation

safe limits. This may happen when all steam is shut off
and the generator motors: last-stage blading churning the
l-p steam trapped at exhaust may overheat both exhayst
hood and shaft.

Exhaust-pressure relief must he provided when steam
pressure in the exhaust hood rises ahove atmospheric
Rupture diaphragms in the hood burst at ah
They pass full steam flow so
ceed about 8 p:-lf__’

Desuperheating sprays are needed by some reheat units
W h’?n their loads drop to less than 5%. A meter on the
main-steam control valves or exhaust-hood thermostat
-rprir:;lﬁ th;‘: desuperheating-spray valve automatically to
tool Ip end of the turbine durine - ion.

S e e during low ‘I-:nad operation.

X Ui Irip shuts down the turbine by closing all
¥ = f I
|a;'ﬁ" It may be operated by hand or hooked up to can-
rol circunts aof ite i

» circuts of its boiler and generator.

"pressure trip guards against wiping
n lubricating-oil supply fails. This trip

emergency shutdown systems, promptly clos-
£am ‘.'3]\'{3-;_-;_

out 5 psig.
exhaust pressure doesn’t ex.

Low bearing-oil
main bearings whe
activates the
ing all the st

Thrusy
the thry

limits. ¢

. }”P Measures position of the rotor relative to
;i. “anng cage. If its position deviates from safe
P operates th - : :
eam valun: e emergency shutdowns, closing all
Plications {'thﬂf controls tie in with various special ap-
- t' - =
s € turbine. Their use depends on prob-
! arising, and on an economic
- ozl “f

of possible guarding against the condition vs cost
=51 ]E' dﬂf‘l‘laﬂe_

a0 eon it _ta‘iﬂll on a turbine and its piping tells op-
. 1on ffl'*lhe steam flowing through all parts of
ondition of the turbine structure. Available

a - = a .
nge widely. Some are indicators, others

79

recorders; some .
tral system yee iu:ﬁitﬁ.; :f:ﬁm of the autommaticoan.
Pl v
Wanh ﬂnewnr;;ﬂ";}.fﬁ:::ﬁ?% shaft will bow if iv's
rate excess;

brought up to aperating speed. Thic m:mﬁértl)‘ when
amount of shaft bowing that may be m:':t b:'IP'ﬂ&lnr
runs up his rotor spesd. A E Ore: he
1 Sha;‘r-vibmﬁan n!ﬂcr measures vibration amplitede a1
;e*«_eral of the turbine bearings. Ohitsf-balanee rotor 3
quickly detected. as well as any buildup of beiler-steam
deposits on the blading, A record of vibratien readinge
taken at regular intervals shaws up mternal changes

Spindle-position meter indicates axial position of the
turbine spindle relative to stationary parts of the threst
bearing. It's needed because high thrust loads or wear of
the bearing shoes may cause excessive moyement.

Cylinder-expansion meler measures total elongation of
the turbine casings. [nstrument usually stands at the zov-
ernor pedestal. since unil is anchored at its exhaust end.

Speed and governor-valve-positian recorder belps oper:
ator run the turbine during startups and emergenties. It
gives him better hasis .:::L judgment when pressure snd
temperature are off norm

E?uring-aif condition thronghout the inbe system must
be known fo assure confinuoss smooth operation. d

Steam condilions—pressure. lemperalire, E“—#ﬁ
major ppenings in the turbine are -{niﬂmmtﬁ'l?:{l!'t
the aperator a lot nbnu} his :th::qhdp ;

se of misoperalion 11 an
i L&W-gmﬁiﬁm nql;ﬁlhl:: g:ﬁ*’;l""d = n
thﬂ o tﬂr al all ﬁ.lnﬂ, ; i L th
maﬁmﬁ YUY steam that bypasses

turbine stages does no useful work-

on rotor's draight.

s
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LUBRICATION
AND HYDRAULIC

SYSTEMS

Gayerner orl =
cacsurd reéguialor

2
S

Turdine-driven
pump

L ubrication is needed 1o minimize turning friction in
main bearings, thrust bearing and reduction gears, cool
the journal and other besring surfaces. Friction heals

journals and bearings, and the shaft conducts some heal S A

from hot parts of the turbine to the bearings. Lube oil 1 Ring-oiled journal beoring: braw Y Yea independent hydraulic system for turbine and ¢

carries the heat away, keeps bearing lemperature at @ ring runs through ol reservoir below supplies lube oil and govarning-system fluid pr l?a
" F. wWo

safe level, prolonging life of bearing and oil.

Smaller steam turbines usually get along with the sim-
plest type of oil system 1o lubricate their bearings. From
this minimum, systems range upward to the complex hy-
draulic set ups of the larger central-station steam turbines,
In these units, oil serves as a power-transmitting fluid for
speed- and load-control, high-pressure, overspeed and
profective systems as well as a main-bearing lube. Basic independent oil system, Fig. 2, combines reser.

Jearings carry full weight of turbine rotors, let voir, pumps, coolers, pressure controls, accumulator, fil-
~ them spin free with minimum friction. Metalto-metal  ters and piping. Two pumps are used for service con
- contset would ruin bearing lining and journal in short tinuity: if one fails in service the other starts fast 80 oil
"~ order, 5o an oil film is forced between the two surfaces to - pressure won't decay to the point where it trips any of
" separate them. Frictional effects take place between sur-  the shutdown controls, Pump capacity, boosted by the
face and oil, but mainly in the film. sccumulator, must supply the high transient oil flow the
. Lube oil must wet the metal surfaces it separates, yet control system needs during large changes in shaft load.
C- A stay cohesive enough 1o resist being squeezed from area of Positive-displacement rotary pumps in Fig. 2 have 2
. I-_w sressure. Low unit bearing pressures and high flooded suction protected by strainers. The motor-driven
s :HE‘W the needed oil wedge between sur-  pump normally runs with the oil-turbine-driven unit as
ubricating system is designed to prolong  standby. Bypase relief valves protect pumps and drivers
. against accidental shutoff of discharge valves. A snsp
ngs need a relatively small amount of  acting valve automatically brings the turbine-dniven
the ring-oiled bearing. Fig. 1, a ring rides loosely standby pump into operation on drop in oil pressure.
journal Lower arc of the ring dips into the oil Backpressure regulator and reducing valyes hold ‘?’_‘-l'
reservoir below. tﬂ!ﬂ)ﬁlﬁtﬂlﬂmlhc ring revolves; oil  system pressure atl operaling level. Twin oil unulerp an
from the reservoir clings to the ring and is carried with Flters in front of the lube-pressure regulator remove :h.ﬂi'
it to the Lop f' journsl. Here the oil transfers to the  and clean the oil before it flows o the bearings. At o2
s in the bearing surface let the oil flow in  ers and filters, 4-way valves let one of the elements cOM?
il pace between journal and  out of service %0 it can be cleaned without shutting dowo

. & oil drains back to the  the main turbine.
s berring are sized to remove dirt P

Tnntainin;{ inhibitors., Heating oil to about 200 F asei
in breaking any emulsion. When emulsion persi a:_:ﬁm's
should be discarded and replaced with frf:slf{h;;ﬁ ic s
| Piping that passes near hot lines or machine parjl_l;m:;m-
be totally encloged in an outer sheath. If any leak ;F
:'r!n.:{;a. in the oil lines, sheath piping drains ti::re I:ak .
l:: [,'; [I}If?.“i] reservoir. This for safety’s s.altr:-mangsl:
= o1ls 1gnite whe ;
¥ r;,-': ;tz::;ra:i}l: sprayed on surfaces at terperatures
i,r,?}i iflzlrr?t};? u_ulutmn involves fire-resistant lubricants
vFufh-' & flﬁr:[:arnnga u{ large central-station units. Much
y has centered on F-R lubes. High cost i
Eva;l main deterrent to their adoption gh}' E::;tu: 0"1: Iaﬁzn
Hiect on generator | ati i .
Lﬂrge-furhir:t:rlln?lu:dh;"n' i
deE’Jllr an rfvnluliurfin‘:;: IC-E}’MEH]E, Fig. ::]' have un-
oirs, esualy losmten th: ;Imst afecadﬂ. Their oil reser-
regalators, g coolers ﬂnt.]pbam i s
il dra;:}nuﬂttirjhpt.!mpa or e;ﬁelofu.
gal oil puing direr:i right into the reservoir.
al g b i, ctly mu:unted on the main
O Mgt helow s y an oil-driven bopster pump.
the shift pum <! “'! level in the reservoir and feeds
the ghapy -k Hetion with oil at 10 to 20 psig. Ol from

o
L]
13 auy ¥ *_-
i * p
. ife o I oil,
o TS £ it
N ] - N
. Tl '
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e
o sl aper
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b 1
"akage from any o

A centrify
1'”|'JI!I.+'. '-'I'liif

e, articles

o trough the bescing Oil filters wsually are sised 10 o presnu dicp h
""""" ex, the reservoir has enough outer  larger than 3 to 5 mils diameter with @ p Cy AT ol g, and o1 B9€8 to the small oil-turbi
e ced up by ¢ 3 1o 5 pui al design temperature and flow. l“.:lddﬂ:;?p-b -‘Lil;rar?ii.}t]hm-dri""ﬂ the diruc:fm?;nlel:::téng Mot
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All around us, at all times, oxygen
combines with other elements. Iron and
axygen combine to form the ocxide we
know as rust. Silver tarmshes, copper
taekes on & soft green oxide coat This
general process 1s oxrdatron. Buming,
or combustion, 1s & special form of oxi-
dation. In it, oxygen combines rapidly
with matenals we call fusls and sub-
stantial amounts of heat are liberated.

Under some conditions, combustion
may be s2lf-sterting. For example,
coal piled outdoors combines slowly
with oxygen in the air, giving off heat.
If the heat doesn't get away, tempera-
ture nises, the reaction speeds up and
eventuzlly becomes rapid enongh to be
called buming.

How Burning Storts.

Such spontaneous combustion is rel-
atively uncommon. We are more fa-
miliar with combustion that begins
_ﬁ'iﬂi ‘hear applied from some outside
source. A fire laid in the grate will not
light itself. Nor, for that matter, will
& match. We start the buming process
by striking it to generate friction heat
enough to set it aflame, then use the
flame’s heat to light kindling, and the
kmndling’s best to start the logs. This
Pprocess of using an easily ignited ob-
Ject to provade heat for ignition of an-
other is common in engineering.
 We are all aware that some things
bum more readily than others. In gen-
eral, this depends on how easy it is to
tum the particular substance into @
EsS, bacause nothing truly burns un-
fess or until it is a gas. This, in tum,
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dépends on the nature of the substance
' its amount compared with the
oress. IF's casier 1o start wood burm.

isn't heat enough. Adding a wick
changes the picture

The wick draws up, by capillary ac-
tion, an amount of melted wax s0
small in relation to the match flame
that encugh heat is available to raise
the wax to the temperature needed for

vaponization. Once wax 15 vaponzed,

Wick draws up
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Wick draws up melted wax by caplliarity

or made like & gas, burning is relatively
easy to start. Buming the wax gives off
enoughheat to continue the process of
‘melting, vaporizing and IZniting.
Although the wick is eventually con.
sumed. 1t contributes nothing to the
h}mﬁﬂg It i1s a purely mechanical de-
vice to create conditions needed to start
and maintain combustion. It finds its
counterpart in bumers, stokers and fur-
m. for while combustion is eszen-
E:tly e c::mical reaction; maost prac-
] Probiems o 1
=i it f fuel buming are
Combustion of Gases,
I Since our fuels burn as gases, or as
if thcy Were gases, we need somes ge-
qunmtﬁrfu with the rules gOvVeming
rombustion of gares. Assume we have
8 gas, either a fuel that is normally
BaScous, or a gas given off from a solid
or a liguid fuel. In buming this gas,
Or any gas, it is first necessary to have
& Bas-air mixture that will ignite and
then to raise this mixture to the igni-
::g ﬂm;mé and hold it there,
5 ta i 1 i
B i t.t._hu business of com-
To start with, we are worki 3
two basic _fm_ﬂ Elﬂnmts-.—hydrﬁfn“:ntg

mon. practice considers the reactions
negligible and the elements impurities.
18 normally a gas and can
oaly be liquified at sn extremely low

F. Heating values are high: 62,000 Btu

per Ib for hydrogen

per 1b for -‘::ari:m:rn.g L Bhy
: Carbon and hydrogen exist
innumerable combinati ;
hydrocarbons. Many n;t“:;;:!”m
pounds, like methane (CHy), E,-:Em‘
mally gaseous and form a major p::
of most important fuel gases,

Air Required.

Although the form in which thess
Fw-:: elements appesr in any actual fus
1s vastly important to its burning, ga
we will see later, it makes no difference
from the chemical balance-sheet nngl.e,
The important thing here is that each
element or compound needs a certain
amount of oxygen for complete com.-
bustion. It thus becomes easy (see p
114) to figure exactly how much OXYEen
we must have to burn a given amount
of gas and, further, just how much air
we need. If we mix exactly this much
air with the gas we have a perfect or
theoretical mixture, The relation be-
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1D mathone  etiaie
Perfect mixture
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Perfect-mixturs emounta for air, methane

tween gas and air is called the fuel-air
ratio. This is usually expressed by
weight. For any particular fuel, this
ratio can be figured from the chemical
analysis.

Ignition Temperature.

Now we have a combustible gas and
the exact smount of air to bum it
completely. We need still another ele-
!I:mt—hmt If such a perfect mixture
1s h:?tcd gradusily, rate of chemical
combination increases until a point is
reached where the reaction no longer
depends on heat from an outside source
nj'-‘-'d practically instantaneous combus-

¥ Curs. . temperature at
which this happens is the ;if;,-m fem-
perature, Tt may be defined as the tem-
perature at which heat ;
the reaction faster thap
mdhsﬂ't and combustion thus
pomhu':mt uthe “Propelling.  Below this
Point the gas-air mixture will not by
freely and continugyg) i

ordinary air, Among 2
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cold, too-nch maxture

Here we run into an achon ¢om-
monly known as “cracking” or, more

y, thermal decomposition. When

hydrocarbons are subjected to high
temperature they crack or break down

carbon mod

hydrogen combinations and eventuaily

into the basic ingredients, carbon and

hydrogen. This is what happens lo
some of the gas near the edge of the
flame where heat is intense. The crack-
ing action sets free hydrogen, which
buris in the flame, and carbon part-
cles. which glow to incandescence and
make the flame yellow and highly
visible.
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into other

DUustion zane -4
slowly tha
BIVEr oxygen & chance 1o
bydrocashen molemles

iy

d ars heated mors
o i the fishisil bummer. This
penetrate the
and. form oxy-

Reniat - Pk z
RETALe] Ormpounds, The process by

f}'i'llt'i ‘f-'.‘.-:'__iir"‘:'l‘; 4idhates with hydro.
~EISONS W known as hydroxylation. As
Will b= explaiced: more fully later, the
few compotinds thus formed burn with
an "-:‘_h“]'.u' different flame There is 0o
HEacag and no earthon m [ormed
Thus & change in the pont of manng
andl rate of applying beat, produces an
entirely different burning process.

Good Mixing Vitgl,

This simple exsmple yields severa]
ieas of grest importance in this com-
busticn business. First is the key part
played by mixing. In actual fames and
combustion spaces we bave widely dif-
{erent mivtures side by side. Io cas
area the mixture may be too rich to
burn, as it was close to the tip n the

fishtail buroer. [0 other aress we may
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well by the time it reaches the flame
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boiler firing, and other fumace work,
we meet not with a single mass of
readv-made gas-air mixture but rather
with-alr and gaes streams, which must
be brought together and hcata;-fi some-
how to start and maintain 1gn_ltmﬁ-
The way this mixing 1s ﬂi.'EDIﬂphf'ht:d'
and its effectiveness, makes all the r.'flf-
ference in the nature of combustion
and its completeness.

The familiar Bunsen bumer of the
laboratory and the fishtail bumer Onee
used in gas-lighting systems show up
these differences clearly. The Bunsen
burmer displays a relatively small,
blue, nonluminous flame, while the
fishtail burner shows a larger, yellow,
luminous fame. With the same B8S,
why the difference?

Yellow-Flama Burning.

The answer lies in the way air and
gas mix, and shows clearly how the
time and place of this mixing affect the

process by which the fuel elements,
particularly the hydrocarbons, bum.
In the fishtail burner, gas Aows through
@ slotted opening in a thin flat stream.
The dark area near the bumer tip 1S

identical with simtlar

edge. But if we put sny cold f:-bje_-ct m
the flame, the carbon particles are
chilled and the burning stops. Result-

ng deposit of lamp-black or 500
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bustion, we have smoke.
Blue-Flame Burning.
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