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steam (ofo mechanles) work, Sieam torbine essentially conalsts of the
l:ﬂo‘r.hi two paris.-

I- The noprdes:- in ‘which the stexm expands from high 'FI'.EI.IIII"I and =
1 siate of comperative rest in o lower preswre sod state of
comparatively rupid mation,

3= The moving blades:- ln which the momentom of the stream of steam
| particies change.

The norzles are sttached to the statonary part of the turbine, which s
winally termed the stator (catlng), wherens the moving blades are
attached fo the motating shement of the machine (rotor).

=-d- Typed of steam Turhines
Steam turbines are classified accordiog to the method of expansbon inta:

1- Impulse tarbine
- Impulse-reaction torbine (reaction turbine)

I- Impulse turbine:- The steam is caused o fall s presore in noerles,
duedn  this fall in pressure & cortain amoent of keat energy i converted
into mechanical kinetic energy and the stenm bs set moving with & greater
veloclty. The rapld moving particles of sttam cuter the moving part of the
turbine (moviog blades) and bence suffer change in direction of motion
occurs which gives rise fo change of momentom aad therefore to force
known as impalse force, which causes (he rotation of turbine shaft. o this
type of turhine a1l pressure drops occars in norxde and no pressure drop
dcciury in moviag blatdes.

Bk’

2- Iﬂpﬁu—ntrﬂn: {egnetie=":. Tr pueh turbine expamaion o7 shesen

uhuuhmnhﬂlhplﬂuﬁ-muhthnrﬂu blades as
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Such & torbine has one set of noozles which is followed by ope set of
moving blades. Noxrles arc sct atf snitahle snzle to the side of blades. The
LIa% mwgasnre atenan le firey mewaed throuph the et of porzle, where it
cxpands Trom high presoure fo s ow pressure and therahy sequires & high
velovity. This steam of high velocity is next directed to the blades and

henee dug changc of dircction there is & ehange in momenfym,
a forps igd to, the blades, which causes the jurb
5 ; impplse tarbine ja shop! djaﬁq:{

(1}. The top partion of the figure shows » jEII:I..II'I:Id
upper balf of furbine, the middle portion shows a development of the

and blades whils the lower part of the dingrmm shows
approximately how the absolute pressure and the abaolote velocity vary
from peint to point during the passapge of the steam through the torhine.
The almple fmpuive turbioe, which b deseribed abewe [y called Pe-leval
and it b5 also known s & single-siage impulse turbine. This tarbine s pol
i commman We doe to the following disadvantages:-

1- Nince all presspre deops oceurs in one sel of oozxles and all K E.
ubsorbs in only one ring of moving blades wrbine rotation is o high
shout 30060 roz,

2- Sicam wvelocity sl exil s guite high which means that there i o
conshlereble boxses ufl K.E.
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b- Compounding of Impualse turbines

Diswdvantuges of simple lopulse turbine van Le cverctme ln
nrranpemenl the expanafon of steam or utilkston of s K.E. or both in
several rings of blades {rather than ons ring onkly). This prn-u:u s koown

T i, et A dabid i) 1

EIIIII'I-I'I-!.I.I:II:'.'II‘I.F

i= tre=comnount jmpolee ferhine

Frs thie turhins the compounding s done by arruoging the expansion of
steam lo mumber of sMeps, each atep 8 & simple impulse turbine, which
conaists of onc el of noedes and oné row of blada and is kadwn as stage
af the turbing The cxhaust sttam (rom eadch row of meving blides eaters
the suceceding st of norrles. The cxpansion of steam takes place only in
the morrles. The moving blades in rotor change the direction of the
entering sleam and cauye foree o be applied snd torgue 6 b developed.,
Sinee the presyure drops per stage ls reduced (compare wilh sigijply
impulse turbine) (he sleam velocity leaviog the oozl i reduced. Thus
the speegd of iy shali b reduced, The kesving (carmy over) los.. in (s
e af (urkine jo plegn pednnedg, Thia L3l pf Apetiap j= plen fpews p-
Batean mrhine Thic tnrbipe: hey dissdvantape of Inng premher of stages,

~“fhence il i most n]_-l-ﬂl.'rrl'.[-
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2- Velocity-compound jmpube tarbine

In thiz turbine complete drops of Stcmm pressiie e Ll 1o
condenser prnuunt} takes place in ome scl of nowzles, but drop in the
velocity of stexm ix -|:ln'|-|.1:| oul ln more than onc ring of moving hlades

The high -n- from nedzles first passes on the first ST |
moving blades H rl.ni'll',p reduced, From * fi Al
passes info row :ﬁ:l l: nld t|-|rI: ch arc monhfed in turbin Ly

These fixed blades are so arranped as {0 dircet 2tcam along direct correct
dircetion into & second row of moving blades, which arc mounted on the
same furbine wheel In the second row, as 1% Aot row of movisg Llades
K.E. of sieam iy wguin partlally reduced. Simce there is o gradoal
decreasing i1 'R sieam veloely, 7 oreealte §o a slawees dpetias smeed
(compare with simple impulsc). The adveatage of velocily compound
turbinc i relatively less nomber of stape and hence less initial cost. The
disadvantage is low efficiency. The velecily compounded atage is called &8
Curtis stage.
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Thia type of turkine b & vvwirieauos Gf picsare pad velpelts
compounding. The tofal pressure drop of stepm from beller to
condepser pressure iy divided into » number of stages as by donr In

. mpounded method, Fach stuge guwbprof .
rﬁg ed and moving biades, Thi 5 i LRI
otitized in 8’ muiber of movis; OHEE

i:l.ll].p-ﬂl.lldlﬂ prethaod, Henen each stage of this turbloe will -l-muhl.-l ni'.

sef of nozzles followed by a sel of movieg bludes. Steam is partinlly
expibvded in & row of pareles where il l|.'-|~!'|:Li'|'l-ll v fnereazed: The oleam
thent enters = few rows of veloeity Eﬂl:lp-u.l:l:ld.:l.ng. From this stage the
steam then cizlera a tecond row pf norples where it welocit ie again
increaxed. This i followgd by angther few rows of velocin
compounding mnd so on. This typo of turbine is simple in construction
bt Ha efficlency is bow comparing with presswre-compounded.

Figure (1)
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Chapiler 2:  Steam boilers

1= Feed waler treatment
f

1.1. n Iction

The sources of the sarth’s water supply its sainfall. This inidally pure
water which ig neutral in reaction (pH=7) passes through the almosphere
and absorbs Cos and On, the presence of Co; and other impurities cause
it to become slightly acid. This slightly acidily causes it to dissolved
certaimn rock and mineral deposits on the ground, as a result the water
tends io lose its sofl character and become hard Therefore water
available for supply to boiler containg many dissolved and dissolved
TPUNILIGS.

2.1, Impurigies in water P
The impurities present in the fesd water are classified as given
below:-
i- un dissolved and suspended materials [ ofl, mud, sand).
2- dissoived sults | valoin, agesann, sodlwin ).

3- dissolved gases { O, C0;).

3.1. Effects of impurities;
|- Seale formation:- feed water is containing a group of impurities in*
dissolved and suspended form which flow into the boiler for .
rantinuous gencration of steam. During the conversion of water into
steam in baoiler the selubility of dissolved salis (Ca, Mg) decreases
with ingrease in lemperature then salis and suspended impuritics stay
in boiler and lorm scale. Scale in boiler creates a problem because:

- the low depree of thermal conductivity { reduce rate of heat transfer).
- reduce the flow area and increase the pressure required (o maintain
the flow.

- cAwse over heating of tube material.

Note. Sodium salts are highly seluble in water and 15 non scale
(orming,
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Carrosion: - the corrosion is the cating away pleces of piping and
boiler. metal and requires major repairs or expensive shut-down for
replacement. The corrosion 15 caused due to acid present {low PH)
in Lhe water in the presence of CO. and 0. The O, is carried with
air which generally escapes into the condenser, the CO; is formed
due to decomposition of bicarbonates in boiler and CO5 combines
wilh waer 10 form weak acid known as carbonic acid. This slowly
reacts with iron and other metals to form their bicarbonates which
again decomposing and new CO relegse and the cycle 15 repeated.
The corrosion causes piiting and prooving on metal surface and
reduces the strength of metal.
Feaming and peuning (Carry over) - foaming is the formation of
small stable bubbles in the boiler. The foam is caused in the boiler
due 10:

- dissolved and susponded impuritics

- excess in alkalinity (high I'H)

- excess in total dissolved solid (TDS)
Foaming prevents the frees cscape of stcam from boiler and
prevents its formation (decrease boiler efficiency). Priming is carry
over small waler paiicles with steadm ag v leaves we boiler and
ale0 some solid dissolved, this is undesirable as the contaminated
steam 15 unsuitable for steam wrbincs. The priming (carry over) is
appeared due to, foaming, (TI2S), improper boiler design and
impraper firing method.
Caustic embriltlement:- the capstic embrilllement is the weak ol
boiler metal due to inner crack. This is caused by long exposure of
boiler metal to alkaline water under high pressure, the presence of
(WacH) 15 most responsible for embrttiement.
The abject of water treatment is to prevent scale forming on
healing surfaces, prevent corrosion, caustic cracking and to enable
clezn steam to be produced.
| .4. Methods of fead water treatment

There are different methods for feed water treafment and the
choice of method depends on many factors, as the compaosition of
the water supply, the quantity of make.up water required, bailer
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operating conditions and cost. Thess methods are classilicE as
below:

1- Extermnal treatment

~ muechanical for susperded impurities..

- chemical for dissolved salis,

- thermal for dissolved pases.

2- Iptemnal treatment: chemical treatment for dissolved salts.
3. Conditioning treatment; chemical addition after external
rreatment.

1. External treatment:- if impurities remove {rom the water belore
supplying it 1o the boiler, then this method is known as external
treatment which is classified as below:

4. Mechanical reatment

The suspended solid impurities are removed by this method which

includes:

- sedimentation - coagulation - filtration.

Sedimentation involves allowing water to remain stand in big tanks,
e soild maller sciids dowsn due W gravily bhd 1 6 ey
pericdically. In coagulation system, some coagulant like aluminum
soleplate adds w this to form colloidal which scitles down quickly,
The suspended solids which cannal remove by sedimentation and
coagulation are removing by filtration.

b, Chemical rreatment

The dissolved solids (salis) are removed by this method which is
divided into:-

- lime-soda - ion exchanpge — demineralization

1- Lime-sada: - The object of this method is to add correct amouent
of lime¢ and sodivm carbonate (soda) to row water so that the
calcium and magnesium salts are precipitated out of solution.

Ca (HCoy) + Ca(oH)y —— 2 L:rL:n_q +2 Hao
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Mg (HCos); + Ca { oH) g 3 'C;'.Ej-:-; + Mg (oH). +2 H
L]

Mg So, + Ca (oH); —  » Mg({oH); +Caso,
v
cﬂgﬂq +MNa. Coy —— NH.;EL:H + I{_:H.L:IJ]
4
This method is usually considered unsuitable for water with a low
initzal hardness (up to 100 ppm).

2. lon exchange (typical Ma;Z):- In this method the removed of
hardness salts is achieved by interchanging them for other non-
seale forming salts (sodium salis). The raw waler passes through
a bed of zeolite which has the property of exchanging its sodium
son for calcium and magnesium ions within tie walter,

Ma.Z + Ca (11Co}y, — CaZ + 2 NallCo;
Nﬂ]? + Ca SD-_; oy, M B ¢ Y O Nﬂaﬁﬂq

The zeolite, in taking up the caleium and magnesium salis fro m Ih-e
water, Locomas sisaraicd and necds to Lic bvpBieios B nae i
accomplished by stopping the flow of raw water and pm-;smg a
strong solution of brine through the bed,

CaZ + 2 NalCl " NayZ+CaCly

This method i more suitable for a raw water of law hardness,
but because caleium and magnesium salts change to sodium salts
in this process 1t is not recommended for treating water having
high bicarbonate salis.

3, Demineralization: - This process results water having a high
purity required for high pressure boiler. First the raw water is passed
through a bed of hydrogen exchange (cat-ion) which has a properly of
converling all salls present in the water into the corresponding acids.
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Pt
RH' +CaSo, R Ca + HSo,
MgCl, Mg  Cl
Ca(HCo;) - Co,

The second phase is to pass the acidic water through a bed of acid-
ab=orbing resin (an-ion) where acids are removed resulting in a softened
water of negligible hardness,

EOH +Hbsoy * R S0y +Hio
Cl Cl
For regencrate cat-ion,
RMa+ HCI = RH+ CaCl
a MNa
Mg Mg
And for anion,
RS0, +MNaldH ——— RO 4+ Nasoy
Cl Cl

¢. Ihermal treatment

The dissolved gases like Oy and COy in the water are removed by
thermal treatment. The heating removes the dissolved gasses from the
waler as the gas absorption capacity of waler decreases with increasing
temperature. The device used for thermal treatment 15 the thermal or heat
deacrator in which the temperature maises to saturated (boiling)
temperature at a ¢oriain pressure,

2. Internal rrentment

If the dissolved solids in the water are removed in the boiler itself by
a chemical treatment, then this method is known as internal treptment.
Internal treatment is generally confined 1o low pressure boiler operation
and it 15 nol rccommended for water tube boiler. Intemal treatment is
accomplished by adding chemicals to the boiler water either 1o
precipitate the impurities so that can be remove in the form of sludpe or
io convert them into salis which will stay in water and do not harm,
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The common internal treatment used is:

a. Sodium carbonate treatment, the main disadvanage of this process
it is lead to increase alkalinity very rapidly with an increase in pressure
and temperature and also with increasing temperature and pressure the
rate of generation of CO; increasing. For this reason the use of sodium
carbonate is limited to boiler pressure of (10 bar),

b, sodium phosphate, for higher pressure boiler phosphate compounds
are used instead of carbonate.

e, colloidal trearment, to remove the sludee formed effectively from
the boiler,

d. blow down, the sludge formed from internal chemical treatment
increases because there is contineed addition of make-up water. Sludge
become undesirable so it increases alkalinity and causes foaming and
carry over, also (TDS} ineresse s chemical add which produce
undesirable foaming and carry over, therefore somea water having a high
concentration of salrs remove from the boiler by blow down sysiem
which is a valve connected o the lowest water space and replace by feed
water of much lower solids.

1. Conditinmng treptraeet
These terms imply treatment supplementary to that carried out on the

water before feeding it into the boiler. This treatment is necessary since
no external treatment regardless of efficiency can remove all harmful
salls and gases. The injection of additional chemicals either into the feed
water prior to its entering the boiler or into the boiler itself nullilies the
effect of any residual hardness and corrosive clements present in the
externally feed water, The ¢chemicals are,

- sodium phosphate: to treat salls

- sodium sulfate, caustic soda: to treal corrosive element

- colloidal element: to condition sludge.
The blow down process 15 needed from time to tme when these
chemical add.
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