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SECTΙON 1

GENmΑL ΙNTRODUCTΙOΙ{ & DESCRIPTION 0F T}IE ΡιΑΙγΙ

1 .1 TT{EORY 0F STΕΑ},1 ΡΙΑNΙ

Λ ^..*^] ^ λ..in οfn.* ^-,^-,] ^ 
.,i. cλ^'.- r].i.πrηmηt_ jnη.l l.τ jn E.iα .l Tn J-hοnrrzf\ :iΙιΙlΡ1tr: υdδJ.υ δLξ1d.ιΙt υyL.j.Ξ Ιδ δΙtιJwΙΙ uΙaΞiΙΦιΔlιαLlLαaa-γ ΙΙ1 Ι rδ. Ι. Ιιι LrrΞνlJ

l-hρ swstρm i s ..οm1rlerelv clοsed ^.l r1.^ l1.^*^.i.*^*; ^ ''^-i,.;.- f1uici isLιΙE δJγδ LEΙΙl Ιδ Lν...P*-*-. dΙtu LιΙΞ Ll^ΙcΙιlιι,ιryιJ.d1ΙΙΙι- WUιλ!16

pure steam or water. The system constitutes a heat engine, where heat is
.,'.^.1 jοr] /n \ hτz fhρ hrri.lρr (n- ^+^ηm -^n^t'ηf^y\ *^^1.^..i^..1SuppΙΙeu, \Ψ;./ - .-Ι :iLedΙΙΙ lcιΙeΙdLιJΙ,/, ιΙleι-ΙΙdΙΙΙυdJ. P\J\|vΞ,Ι-,
(Ι^] ) is nτοτ1ticeri nv rhρ ρrιnenriρr (an imαl.l se tuΤbine in Γhis ο1ant) as\ γγ^' 

' * !9 Ι/l vugυ Υ

ιhE"hιgh pressure steam expands to a 1ower pressure. Ηeac is rejectred,
(Q^'') by the condenser. The cyc1e is closed by means of the feed pιΙ.Πp

ι,l.ΙΥth DumDS the condensed Steam (condensate) back into the boi1er. A
Sma11 amount of mechanica1 power is required to dτive the feed PωP,
rΤ^T \\ vrirf/ '

---M*t

Q o*t

SΥsTΕM ΒooNDΑRΥ

Fig. 1 Basic Sιeam Cyc1e

Ιn the absence of any heat or frictiona1 1osses, and with Steady State
operation' an energy balance Ιflι1st exist Such that:

The theοretica]. therma1 efficiencY of the heat engine iS the ratio:

Nett Mechanica1 Ρoτρer σ:tput

-l

L
+

W;

at

'th Therma1 Ρoτρer Ιnput
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/,-

Tn nrnr^1-1 οο τρe1 qΓρΞm nl 2nt .i g .,or'' πlnh -nn-ρ nr--.] ^-. r1^.. ιι..ι 5fu6ψη in- t- ',/er-v ιΙιιjL.ΙΙ ΙΙlιJΙΞ υιJιΙιPΙcΛ LllαΙ1 Ll_Ιαυ

Fig. 1 oi^ring ro the need to provide adequace and safe means of sEarting,
..'It.,-..l l inα 9ηl nιnnn;.- .1.'^ nl ^.i .y^ττ-iΞi.α €31 the transfer of heaΞ

' 
*.^* δLυΡΡΙιΙΞ LΙΙc Pl-dΙιLr Ρ'ν'!u!ΙΙδ !ι

to and froi the System, conφensating fοr leakage, prevenEing corrosion
ρtc. Fiρ. 2 shοlρs the acΓuai sceam p1ant in diagraπι.natic fοrm.

The reπainder of this Ιnstructiona1 Manua1 is τρritten with the assιτnptiοn
that the reader is familiar with basic steam theory, aware of the
properties of steam/τρater' and aware of the chenτod1mamic processes
involved in the Rankine steam cycle.

The Bibl .iosraοhv ^.;''^. . .^lanfi6η of reference materia1 graduated from
BΙvξδ d DΞΙΞLLΙ

e1errentary- tδxts- to advanced materia1. The reader shοu1d select
appΙopriate maιeria1 frοm this 1ist for further reading if required.

The Steam property tab1es and entha1py/entropy chart (Mo11ier"chaτc) used
throughout is:

Thermod1rramic Tab1es in S.1. (π]etric) Units 2nd edition
by R.W. Ha1πvood (Cambridge Universiιy Press Ι972)

S.T. (πietric) units are used in a11 Ιτieasureiτιents and ca1cu1atiοns.

l.2 PΙΑNΙ DESCRJPTΙON

A diagraπ.rnatic scheme of the p1ant is shoτρm in Γig . 2 an! a general view
οf thδ p1ant is shovnr in P1Ξte 1. Each corrφonent οf the p1ant is
described beiow.

1.2.ι The Boi1er and Steam Accι-τττulator (See P1ate 2)

The GΑRΙONΙ ΦfΙ-45 boi1er is a τρater-tube boi1er designed to prduce a

maxi:τιτn Steam f1ow of 45Ο kg/h at a pΙessure of 10 bai (gauge) and 27ΟoC.

i.e. Ιt produces Super-heatδd Steam via a coi1ed tube superheateτ 1ocated
at the end of the cαnbustion chamber.

The bοi].er is oi1 fiτed and is equipped w-ith a doub1e f1ame autαlatic
burner. once started, the boi1er-is_λutomatic in operation. Ιt is fitted
w.ith a11 the necessary instrιττrentation, safety devices, cοntro1s and
inter1ocks to ensure safe and coΙrect operation.

Water is fed to the boiler continuously by one of the two reciprocating
feed μπτps 1ocated beneath the main body of the boi1er. The feed PιΙΤ]P
οperates- at either a 1ol,v or high speed depending on ιf,rether one or both
burner f1aτres is se1ected. The feed pιxnp f1oιv rates are such aS to
produce saΕurated steam vfuich enιers the steam accιτrιrlator.

Ιf superheated steam is required (norma1 operaιion), the va1ves are Seι
to diiect the saturated steam frαn the accιτrn:1ator to the superheater
cοi1s. Ιf saturated steam is required, the superheater coi1s may be
by-passed. Note that ι:nder these conditions provision is made to direct a
fiοτ^l of coo1ing τρater through the superheater coils to prevent their
overheating.

The steanr accιτrπ:1ator acts aS a Steam Storage reservoir and a11oτρs a
steady Steam supp1y to be delivered irrespective οf fluctuations in
saturated steam suppJ.y. Condensaιe may form in the accl-rrulator either
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because of heat 1οss from the accιτπulator oτ wateΙ carry-over frοrn the
^^*.-^+^Α ^F^^'- r^ *axi.ιrι.:rn condensate 1eve] is conιrο] led bvδaLψaLΞu δLΞ4Ι1 ξjEΙlEΙdLιJJ-. l.ΙΙE lΙΙd-zιΙΙΙlι.lιtl υUΙΙuΞΙ1δdLΞ lEvξ] !ο υUιιL!UrfLu υ-"

a bucket Steam trap. Ιf the condensate 1eve1 rises beyond a safe 1eve1
the boi1er automatica11y shuts dovnr. The condensate Ιevel may be observed
an f1-'^.j,-ι.F -r^SS situated on the side of the accιπτu1ator.νιι LΙtζ DΙ5ΙlL tsad.l

Further detai1s concernins the boi1er can be foιrnd frαn the Boiler
Operaεion Ηandbook supp1iδd.

1.2.2 The TΙrrbine (See Ρ1ate 3)

The COPPUS RΙΑ 12M turbine is a sing1e-Sιage ve1ocity cσΙlpolrnded iπφulse
turbine. The turbine ιzhee1 is 38Ο ΙΓ{n in diameter and its maxiτrι.τn

PEl.ΙιlΙLLEu ΙULdLΙι.._. -Γ_-- -- - -Jv Ι\l.Ι.Ι, \ LΙΙξ: LΙΙP Sι,€eu/. J.L Ι5 ι

SteaΙn nozzles, three of vrhich can be shuι οff by harrd valves.

Supplied τ^lith steam at 9 bar ex1rausting to -Ο.8 bar it is capab1e of
supp1ying 8 kW at 30ΟΟ RPM with a11 Steam nozz7es open.

The turbine is directly coupled to the drive v/-ith no gear reduction.
Ιntegral w.ith εhe turbine ιΞ ιεs speed contΙo1 governor wl-ιich acts to
maintain a Steady curbine speed irresμcεive of the shafι power
requireπ-rent (τρ.ithιn ics operational 1jmits ) . The governoΙ is
se1f-contained with its own oi1 supp1y. Ιn addition to the governοr there
is an over-speed trip ιtiich acES to shut οff the steaΠl supply cαnp1ete1y
if the turbine speed reaches or exceeds a danserous 1eve1.

Consu1t the Ttrrbine Operaιing Handbook fοr further detai1s concerning the
turbine. Ιnstructions concerning the adjusfiτents, maintenance and
οperation of the governoτ and over-speed trip can a1so be found in the
T\rrbine Operating llandbook.

A genera1 cross-Secιiοn through the turbine is shown in Fig. 3.

1.2.3 The Condenser

The condenser is a s1mp1e sing1e pass she11-and-εube heat-exchanger.
Coo1ing water frοm the cooling to\.ier enteΙS one end οf the condenser,
ιfrιi1e steam enters from the oppοsite end. Condensate drains by gravity
into the condensate vessel.

The condenser.norma11v operates ιrnder vacuum. The vacι:ιτn DumD ΙeτΙοves air
frαn ιhe condenser duiιng p1ant operation.

A nrρssllτρ τρliρf va1ve is fitιer] tn nrρ\/ρnt rhg concienser frοm beinρ
subjected to excessive pressure, and a cοoling water high temperarure
warning is also provided.

Ι.2.4 The Condensate Vesse1

The condensate vesse1 is a c1οsed container vilrich receives condensate
frαn the condenser. Ιt has a tota1 capacity of apprοximate1y 60 1itres.
The vesse1 is fitted τvith a f1οat switch vftich rurns the condensate
extraction pιrΓnΡ 0N vfιen the condensate 1eve1 reaches its upper 1iΙ]it and
OFF at its lower limit. The capacity between the float 1evel switch
Settings is approxiπate1y 20 1itres. The sighι g1ass enables the
condensate 1eve1 to be ascertained. Air or steam is thus prevented from
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ρnfρr.inρ fhρ condensate extΙaction pιΙ.np. There are Ewo cοndensate
extraction pumps. on1v one of ιfuich is λeeded to opeτate the p1ant.

1.7.5 The Feed Water Tank (or Ιlot Well)

The feed water tank has a capacity of approximate1y 55Ο litres and acts
aS a water reservoir for the.p1ant. Any water lοst duril$ p1ant operation
wou1d resu1t in a reduction oi water 1eve1 in the feed tank. }lοwever,
1ost water is rep1aced by 'make_up' water lυlrich enters ιhe feed tank frοm
the water softenδr under the cοntro1 of a f7oat va1ve.
The siρ]rt s1ass enab1es the feed water 1eve1 to be ascertained.

L.2.6 The Cooling Tower

The APV ΗAi-L PN16/6OΟ cοo1ing tower is a sing1e ce11, induced draft,
coo1ing to\Λ7er. Ιt is designeδ ιo dissipate approxiπately 300 kW of heat
,i α."Ξgn conditions wherδ the hot watδr temperature to the tower is 45oC

and the*ambient air wet bu1b temPerature is Ζ9"C.

The coo1ing effect from a coο1ing toιier is achieved by passing the hot
water over"packing materia1 to give it a laτ^ge exposed sι.ιrface aτea. Air
drawn ,c,o"i the iacking in the*opposiιe- direction to the water f1ow
causes evaporatioλ on.'u,δ ιhe majoiity of the latent heat required for
evaporatioλ ιs extracted as se,'Ξib1e heat from the water thus reducing
its temperature.
The τρatδr 1ost by evaporation is made-up via a f1oat va1ve vflτich
maintains the waεer 1evδ1 in the storage tank vftιich forms the base of the
cooling tower.

Fr:rther details of the coo1ing to\,,/eτ

manual supplied.

7.2.7 The Automatic Water Softener

can be fol,:nd in the Coο1ing Toτver

Ιn order ιo, prevent the bui1d-up of sca1e -on tηe boiler tubes, it is
necessary εo ΙeΙnove from the 

".oppty 
water the' disso1ved minera1s vflrich

cause it: ThiS is accoπφ1ished by the ion-exchange τga.tg1.softener ι:nit.
Ιts operation depends oλ the subsιitution of 1ol,v so1ubi1ity ions (usua1ly

Ca++).wiιh high soiubi1ity ions (T,ypical-1y Na+).

The operatiοn and regeneratioτr of the water softening- πediι.ιn (the ion
excr'aλge resin) is accαnp1ished automatica11y. Refer to the Water
Sofιenδr operation Manual supp1ied for further detai1s concerning the
wateΙ softδning ιrnit, and in.iespect of tiπing and when to rep1ace the
resin and regeneration sa1t.

A 25 1itre drιπ of su1phite/phosphate/po1yrreτ (L7 ) boi1er treatΙnent is
nτnιri rlρr] . Thi s 

"o.,""λt,,t"δ 
1iquid 

. 
soiution fοr the prevention οf

δorrosion and s1udge formaιion can be added to the feed water tank. 1

litre should be -added to the fu11 tank of clean water before
ccπτmissiοning and rep1enished at the rate of 2 1itres-ev.er)/ 3 months.
Note: Priοr to a 1oi shut-dovπr period it 1s recorrmended that the boi1er
tube is 1eft fi11eα iιtιl feed ιαater vflrich has been treated with 2 1itres
of L7 solution per fu11 feed tank.

Reference 5 (Bibliography) gives further information concerning water
sofιening and treaEτpnt.
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l.2.8 The E1ectrica1 Contrο1 Consο1e

The e].ecιrica1 cοntro1 conso1e cοnεains a11 ιhe electτica1 switches,
contrο1s and indicators necessary for p1ant operation eΧcept for the
boiler v*rich has its own control pane1.

Ιt a1sο inc1udes ιhe d1,namometeΙ conιro1s and indicaιors togetheΙ wiιh
cooling water high tempeΙaEure and high condensate 1eve1 alarms.

The temperatuτe and pressure at various 1ocaEions on the p1ant may be
se1ecιed and read on the digita1 readοuts. The location from vfιich the
pressure or temperaΕure is being read is shown by the i11ιτninaιed 1ighιs
on the nimic diasram sitruated above the control console.

See P1ate 4 in order to identify each οf the contro1s and indicaεors.

1.2.9 The Fuel Tank

The fue1 tank has a capacity οf 1Ο0
to enab1e fue1 f1αρ Ιτ}easureΙτients tο
τneans of the fue1 hand pιτnp vf,ren the

The fuel tank can be fi11ed from an
.,^.i-- +L^ L^*l -usιng tne nano pιΙ'np.

1itres. Ιt is fitted with a
be made. The bureιte can be
fι:e1 1eve1 is 1oτρ.

^--r^-- ^.1 1 .- r ^^ated fι:e1c]ιLΞΙιιalaJ ΙνL

burette
εj.1 1^,] λ-'ΙΙΙfΞu UJ

reservoir

1 .2.1Ο Rπnps

T1.lρrρ nτρ fnτrr ρ1nn{-τi ^.l 1., lτjrτ l ε^ ^6^=^F^ +L^ ^.1 -^t.lιrυrυ -lecLΙΙcaΙly uΙΙVen pumps Ιequιreα εo oPerate tne ΡlaιιL:

(1) The feed water pιΙτlp (dua1)-se1ected from the boi].er contro1 pane1,
runs continuous1y during bοi1er operation.

( 2 ) The condensate extraction μΙΤlp ( dιra1 ) - sτε-itched either
automatically, by the condensate vessel float sw-itches, or manual1y.

(3) The vacuum pιΙτlp - svriιched manua11y. Ιt norma11y runs continuously
l''--;*- ^.l ^.ι an^yηi.innιrLlΙ ΙιΙEi Pf d!lL ιJι/ΞΙaLlUιr.

(4) The cοo1ing water pιπφ (dua1) - sτρitched manua11y. Ιt norma11y runs
continuously during plant operation.

1.2.11 Anci11iary Equiμnent

The p1ant is appropriate1y equipped τρ-ith various sma11 cαnponents virich
are genera11y terπed 'anci11iary'. i.e. They perform necessary but
secondary fι:ncιions cοπφared with the major cσrnponents described abοve.
They coπlprise:

(1) Safety valves - open to release Steam if the pressuΙe app1ied to them
exceeds a preset 1eve1.

( 2 ) Pressτ:rρ τρρ.'1 .*-i.- ( ^- ,^l..^.:.-\ ...l.-^- - maintain a constant. -rιJ1 d LΙr Ιδ \ UΙ r ξιrι]υ Ιι Ιl ,/ v d Ι νE δ
doιrnstream pressure irrespective of the steam f1oτρ. A pressure
rρρηll aΓinρ v^l'.^ .,i ^ ^^^^*rr ^].1 v Ξ nτρSs1lre control1ed ιhrοιtle va1ve.Ι96uaaL!ι16 vdΙVe Ιδ EδδEιΙLld.ΙΙJv α yΙLυυμΙL 9

(3) Steam traps - prevent the escape of steam, i.e. The steam,trapφd', but a11oτρ the escape of condensate virich is discharged
drain.

1S
to
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(4) Νon-return (or check) va1ves - permit the f1oτρ of f1uid in one

direction but prevent f1ow in the opposiιe direction.

Strainers (oτ fi1ters) - trap partic1es of dirt or debτis and prevent
them from being circu1ated aroιrrrd the system wi.ιere they cou1d cause
J^*^-^ T-^aaaf sΓrainρrs τρgιl] ^-1-- .*l ^1 ^.^ or renew them aSιldΙιldBe. ΙΙΙ.δυeυL οLraΙιrLΙο ΙL6gΙd,Ι l.J aΙιu LaEαιΙ

necessary.

Manual va1ves - hand operated valves a11ow, prevent or regu1aιe the
flow of fluid.

NOTES:

(5)

(6)
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ΤLRBΙ}ε LΕGΕN)

!
t

2

4

5

6

7

Τυrbine casing

Τυrbine rοtor

0iJ. ρJ.ug

Main shaft

Bearing cοveΙ

Bearing bοx

0i1 drain plug

Fixed vane sector

9 - 0i1 seal assembly

10 - Lubrication ring

11 - CouρIing joint

12 - Hydraυlic governοΙ

1Ξ - Bearing

14 - StatΘΓ eoveΙ ι.vith nozzles

15 - Ιn1et valves
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KΕY T0 PLAΤΕ 1

1-Boi1er&Accumu1aιor
2 - Feed Tank
3-Orifice&Gauge
4 - Turbine"& Dynamometer

5 - Cοndenser
6 - CondensaEe Vessel
? \7/ - vacuum pump

8 - Condensate ExιracEion pumps

9 - Coo1ing waιer pumPs

10- Fuel supply tank
11- E1ectrica1 contΙo1 Conso1e

12- Mimic Diagτam

                                               141



-9-

la

J

Γτl
:tr
E-

c
Γτl

J

M

o

ηΞ]

ΕΞ

;
β'

                                               142



ΚEΥ T0 ΡLATE 2

1 - Burner
? - Fρρd DLιmDSr *"'r'

3 - Accumulator
4 - Sight glass
5 - Safety valves
6 - Cοntro1 Pane1
7 - Steam presSuΙe gauge

8 - Saturated Steam Temperature Gauge

9 - Superheated Steam Temperature Gauge

1Ο- Trips from 1eft to right:-
Maxiπum feed wateΙ preSsure
Maximum steam pressure (sealed)
Burner/Feed pump HΙ / LOW pressure Set

Burner cut-out Pressure set
11- Feed pump hydraulic accumulator
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ΡLATΕ 2 T}'1Ε BOILER AND ACCUMULATΟR
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KEY T0 ΡLATE 3

1 - Turbine
2 - GοveΙnor
3 - Overspeed Trip valve
4 - Steam inlet valve
5 - Steam exhaust valve
6 - Dvnemοmρterν "J

7 - Nozzle hand wheels
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ΡLATE 3 Tι1Ε TURBΙNΕ
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KEY TO PLATE 4

1 _ Master Sιritch
2_DynamometerArmε'tureAmpslVoltsΙndicator
3 - Dynamometer Field Amps / Vo1ts Ιndicator
4 - Dynarnometer Control Rheostat
5 - Turbine Torque Indicator (Digital + Analogue)

6 - Turbine RΡM Ιndicator (Digita1 + Ana1ogue)

7 - Sιγitches fcr Vacuum pump

Coo1ing ιvater pumps

Cooling tower fan
Condensate Extract PUmPS

8 - Digital Pressure Ιndicator & Selector
g - Digital Temperature Indicator & Selector

1O - Cooling water High Temperature warning Light & Siren

11-CondensateHighLeve1lΨarningLight&Siren
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SECT]ON 2

LΙST of E}Ρm.Ι}f]iTS

2.1 STANDARD Epr.ΗENΙS

Using the P1ant and Ιnstrι:rrιentation aS supp1ied by TECQUΙPΙ'ΕNΙ the
fo11owing exμriments may be accαnp1ished:

(1) Measurernent of Steam Mass F1ow.

(2) Determinatiοn of Boi1er Efficiency.

(3) Determination of T\rrbine Ιsentropic Efficiency.

(4) Determination of Sιeam Cyc1e Therma1 Efficiency.

(5) Determination of Overall Plant Efficiency.

(6) Determination of Heat-Εxchanger Effectiveness and overa11 Heat
Transfer Coefficient.

Steady State Energy Analysis on each Ρ1ant Cοmponent.

Measurement of Ιnsu1ation effectiveness .

2.2 DΦ{ONSTRATΙONS

The basic principles and practise of steam generating plant operation may
be demonstrated using ιhe experiπenta1 p1ant. Hoτ,αever, because οf the
sma11 scale narure of this experiπienεa1 p1ant the demonstrations shou1d
not be regarded as tyρical of 1arge sca1e Stean,] p1ant without proper
cοgnisance of the differences vflrich occur beEween sma11 and 1arge sca1e
p1ant. For examp1e, this p1ant does not incorporate feed-heaιers, air
pre-heaters, ecδnomisers, re-heaters or πι:1ti-stage tιrbines, a11 of
wl.rich wou1d norma11y be used in t1φica1 1arge sca1e p1ant.

All aspects of starting and rurming and shut-down as described in Section
4 may be demonstrated together with οφration of Solne of the safety
features.

Demonstration of the turbine being exhausιed direct to at]Ιlosphere rather
than into the condenser may a1so be perfoπrred, but it is not reconτrrended
+i^.+ +1-^ .1 ^*+ 1-^ ^^^-.*^Α ε^- ]οnρ neτiods in this mοde in order toLιraL LΙΙE Pad,ΙιL ιJE ι-,ι/ξΙ aLcιl Ι\JΙ aνΙιδ yυl Ινuυ !Ιr

avoid 1arge aΙnαnts of water passing thrοugh the water softener, and
requiring reneτ^za1 of the feed water trearτlenι (L7).

(7)

(8)
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2. 3 FURTT{ER Dφffi.Ι}εNΙS

Ιf addiιiona1 equiμΙEnt is avai1ab1e furιher experiments may be performed
such as described beloτ^l:

(1) Usirg Gas Ana1ysis Equiμnent:

- Γ}rιz F',wh:llg| Gas Analysis o, and C0"-.Ι

- DeΕermination οf Aiτ/Fue1 R,atiο using the gas analysis resulιs

- Determination of the Combustion Efficiency.

/1\ T]οjnπ Δiτ€]οw Measuring Equiμτεnt and a }Iygrometer:\L) Uδl-ιΙ6 11ΙΙΙfι

- Determination of the Cooling Tower Ρerformance.

(3) Using Boi1er Water Analysis Equiμnent:

- Chemical analysis of the boiler waLer.

(4) Using a Throttlirg Ca1oriπpter:

- Determination of the steam dryness fraction.

NB This manua1 does not give detai1s of the above experi:τεnts. Fιrrther
information can be foind from refeΙences given in Section 9, or frαn
Ιnstruction Manuals vfrrich wou1d be supplied with the above equiμnent.
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ΙnstrιΙrents are provided in order to monitor ιhe p1ant during ο,peration,
and to measure iιs perfoπnance. The fo11ol.ring describes each instnΙΙ.Εnt
and its use accordins to its function.

- ,LJ _

eFΓ.ΓτnλΙ ?
J!νΙ aνιl J

ΙNSTRLΛ{ΕNΙATΙ0Ν

(2) Fi11 the burette with fι:e1 (if necessary)
va1ve (v41) and operating the hand pιτφ.

/?\ T.,i-^ ι1.^ ^^-jοcl reαlirρd fοr ιhe fιre1 ιο\ J 'Ι ΙJ-ΙιlE LΙlE }EΙ Ιw rLYgιιυu !νr

25Ο m1 1eve1s on the burette.

(4) OPEN the main fι:e1 supp1y va].ve (V4Ο)
starvation to the burner.

3.1 COΙ,IBUSTΙON SYSTm4

3.1 .1 Fue1 F1oιl

A bιrrette and aι:xi11iary reservoir is corrrrected to the fιre1 tarr]< and may
be used to rneasure the fue1 f1oτρ rate tO the burner w-ith the aid of a
stopwatch, (not supplied).

To ιneasure the fue1 f 1oτρ rate:

(1) C1ose the main fue1 supp1y va1ve (v40) thus a11oτ,v.ing the burner to be
fed frατ the burette.

L-- ^1^^.:.- *L^ bιtretιe ventυy ι-J-ιJδl-l.1l LιιE

fa11 between the zero and

II'Φ,ΙEDΙATELY tο avoid fue1

3.7.2 Fuel Temperacure

The fuel temperature is read directly by selecting location t8] on the
contrο1 conso1e temperature se1ector.

3.i.3 F1ue Gas Teπφeraεure

The f1ιre gas temperature is read direct1y by se1ecting location [10] on
the control console temperature selector.

3.1.4 F1ue Gas Αna1vsis

^ ^^^ ^^*1 be taken from t11 ldδ δdllιPac ι-drΙ
ana1ysed with direct readout οf

3.2 STΕA}4 CIRCUΙT

3 .2,1 Bοi1er pressure

The boi1eΙ Pressure is read direct1y
sit-ιrated at the front of ιhe boi1er.

at the base of the f 1ι:e , and
ι-U .

on the 0 to 2Ο bar pressure gauge
The accιτrn:1ator Steam pΙessure may

1^^ f Λn
Ι lΞ LαP

O" andL
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also be read direcrly on the 0 Lo 20 bar pressure gauge sitruated on the
front of the accι.ττ"ι:latοr.

NOTE: AΙΙ pressure gauges and the digita1 pressure indicator shoτρ GAUGΕ
pressure. Ιn order to convert GAUGΕ pressure to ABSΟLUTΕ pressure
(rρrπl.j rρd τ,:lrρn llsinρ Sr.eam tables or charts) ADD the current atmοsnhρric\ΙΞ\{uι!Ξu wΙΙLιι uο!ιι6 οLLωll LaUlυJ .:..* 

',-,.o."l'τ". Τf a barometer is not avai1ab1e assume a standard Sea 1eve1
λπnospheric pressure of 1.013 baτ corrected for a1titude.
Cnnιzρir rhρ nrρs.'.-^ -^..l;δr i^ ..*-^^-.;.*^ Q τ units:υιJιΙvcΙ L LΙιE PΙΞδ5LLLc Ιcd,ι]l-ιΙ6 L\J d.PΡΙιJlJΙ ΙaLΞ J. r .

To convert bar tο kPa: MULTΙPLΥ by 100
To convert baτ to Ι'.Ρa: DΤVIDE by 1Ο

3.2.2 Accιτπr1ator Condensate Ι.eve1

The acc.ι-ττιr1atοr cοndensate leve1 is shoτυn directly on the sight g1ass
fitted to the accιτrι.ι1atοr.

3.2.3 Steam Pressure and Teπφeratrure

The SATURΑTED steam pressure and teπφerature (from ιhe
hρ rρad dirρet.] v hv sρ] ectinρ 1ocation t 1 ] on theUL lLαμ gΙlLνuaJ

pΙessure and teπperature se1ector respective1y.

The SUPERΗΕΑTED steam pressure and temperature (from
coils) may be read dirδct1y by se1ecting locaιion t2)
consοle pΙessure and tempeΙature selector respective1y.

3.2.4 Steam Flow Rate

accιτπu1ator) may
control console

+L^ ^' '^^-ι.^ ^|^.trne superneater
on the control

The steam f1oτρ rate froιn the boi1er is measured using the pressure
differential across a stainless steel orifice plate installed in the
steam main. The differential pressure is measured on a differential
pressure gauge vfrrich is ca1ibrΞted direct1y to indicate steam f1oτρ in the
Ιange 0 ιo 500 kglh.

Note that this gauge has been ca1ibrated for steam at 1Ο bar(abso1ute)and
25Qoc, (density_4.29sskglm3). Fοr other Steam conditions an appropriate
correction for density πτ:st be app1ied. See Section 7.1.

To τneasure the steam mass f1ow rate proceed as fο11ows:

(1) Check that va1ves V52, V53 and V54 are σΙ-OSED, then 0ΡEΝ orifice 1ine
va1ve v50. OPEλj its associated drain va1ve (v55) s1ow1y to a11ow air
and excess condensate to escape to drain. σLΟSE the drain va1ve ιftιen
only steam issues freely from the drain.

(2) Repeat the above procedure with valve V51 and its drain valve (V56).

/ ? \ ΛDtrTι1 }rn+_λ nγ\J/ vΙμt ννLιr y;essure gauge va1ves V53 & V54 s1ow1y and once the
differential pressure 1eve1 has stabilised read the steam flow rate.

(4) Al-1 valves (except V52) may be left open to monitor steam flow rate.
Ρeriodica11y crack open the drain va1ves to prevent the orifice lines
becoming fi11ed with condensate, brrt ,1try" "1o"" i..
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(5) C1ose a11 va1ves ναhen finished with ιhe Stearn f1oτρ rΓΙeteτ but open

bοth drain va1ves to prevent vacuΙn as the System coοls. C1ose the
drain va1ves lνiren the System has coo1ed tο room teτΙΙperaξure.

3.2.5 T\:rbine ]n1et Steam Pressure and TemperatuΙe

The steam pressure supp1ied ιo the curbine (upstream of the governοr
contro1led thrοtt1e va].ve) is read direcι1y on the Ο to 16 bar pressuΙe
gauge.

The pressuτe and temperature of the Steam supp1ied to the turbine is a1sο
read direct1y by se1ecιing location [3] on the control conso1e presure
and ιeπφerature selectors respective1y.

3.2.6 T\rbine Exhaust Steam Pτessure and TemperaEure

The turbine ex]:laust pressuΙe is read direcιly on the -]- to 2 baτ pressuΙe
gauge (1οcated on the cοndenser).

The pressure and temperatrrre of the turbine exhaust steam is also read
directly by selecting location [4] on the control console presure and
temperature selectors respectively.

3.2.7 Condenseτ Pressure

The condenser pressure is read direct1y on the -1 Lo 2 baτ pressure gauge
fitted to the condenser.

3.2.8 Lagging Temperacure

The inside and outside teπPeratuΙe of the 1agging may be read direct1y by
selecting locations [11] and [].2] respectively on the control console
temperatrure selector.

3.3 coNDm]SATE cΙRtUΙT

3.3.1 Condensate Pressure and Temμraεure

The pressure and teπ]Ρerature of the condensate in the condensate vessel
is rΞad direct1y by Ξe1ecting 1ocation [5] on the contro]. console presure
and teπτφratuΙe Se1ectors respective1y.

3.3.2 Feed Water Temperature

The temperature of the feed water 1eaving the feed tank is read direcιΙy
by se1ecting 1ocation [9] on the contrο1 console tempeτaεure selector.

3.3.3 Feed Water Flolv Rate

The average feed \^/ater f1olv rate is found by ιiming a reasonable change
in the feed τvater tota1ising meιer readings.
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3.4 CONDΕNSffi. CΟΟLING \^ΙATΙF. CΙRCUΙT

3.4.l Cοndenser Coο1ing Water In1eι and Exit Temperaεure

The condenser cooling wacer in1eι and exit temperatures are read directly
hv se.lect-inρ lοcations t6] (in1et) and [7] (exit) on the contro1 conso1e
tρmnρτ2rl]τρ sρl ρctor.99ιΙrYν Ι

3.4.2 Condenser Cooling Water Flow Rate

The condenser cooling water f1οvr rate is rneasιrred by an indirect f1ow
Ιreter across an οrifice insca11ed in the coo1ing water in1et pipe. The
f1ow meter is ca1ibrated to measure the primary f1olv. The f1oτρ rate range
is 8 ιo 40 m3/h. Sight across the top of ιhe f1οat.

3.5 T}IE TURBINE

3.5.1 T\rrbine Speed

The turbine sφed [N] is read directly on the digital tachcrreter in
revolutions per minute (RPM).

3.5.2 T\:rbine Torqιre

The torque deve1oped by the curbine [T] is read direcι1y from the digiιal
torque indicator in NewLon-rΓΙeters (N.m).

NOTE: The trurbine power output is given by:

\l = 2:< 6:k N ,ι T / 6Ο,0Ο0 kw

3.6 SAFETY ΙNSTRι]ι"m{ΙAT10N

See Section 4.2 τegaτding the use of these instrι.ττents.

3.6.l Superheater Coi1 Coo1ing Wateτ F1ow and Temperatuτe.

A f1oτv detector is provided to show τρhether there exists a positive f1οrv
to the superheaιer δoi1s. A temperarure indicator (0 tο 12Οoc) monitors
the coo1ing wateτ tempeΙatuΙe 1eaving the superheater coiIs.

3.6.2 Saturated Steam Temperature

A temperatrure gauge (O ιo 30ΟoC) is 1ocated on the front of the boi1er to
moniιδr ιhe tempeΙaεure of rhe Steam supp1ied tο the accuπ:1ator.
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SEσΙ]ON 4

SAFETY PRΞCAιΙΙΙONS and NORMAL OΡffi,ΑTΙNG ΡROCEDURE

4.1 GEΝmΑL SAFETY PRECAιΙΙΙONS

Nothing contributes
knowledge of its
saΕuration pressure
temperaruΙe and heat

more to the safe operation of a plant than a thorough
working principles. Steam can be dangerous ! lts

-.; .^. -.^j.{.,] .' \^ri th r.emperΞture and iιs workinsLΙδΞδ raΡΙua-Y wΙLιl LLrrΙyL!αLuΙL

content a1one is sufficient tο inf].ict Severe buτns.

The n]eni has }.111.:1* .i- ^^€^*-' €^atures and various functions such as the..*- --Ι1 L-J-LΙ δd,ΙcL-γ J-E

accιτπι:1ator condensate 1eve1 and turbine speed are cοntrol1ed
or ljmited autαnatical1y.

The fo11oτρing sections describe the MAJOR safety precautions wirich need
to be observδd, but do noε purport to cover every asμct of p1ant safety.
The p1ant oPeratoΙ carries the irιπediate responsibi1ity Ξo, safety and
πιlst therefore be ιhoroughly fami1iar wiιh every aspect of the p1ant and
-;F^ ^^^--r;^-ΙLδ UΙEΙaLΙU!ιl

4.1.1 Buτner (or Cαnbustion System)

Observe Lhe burneτ oμrating instructions carefu11y. Ιf the burner fai1s
to ignite prαnpt1y check for a fau1t condition as described in the Boi1er
oφrΞtion }1andbook. Consistent fai1ure tο ignite prσrnpt1y indicates that
tλe burner needs servicing or that there may be a prob1em wiιh the fue1
(wrong tΓPe, contamination etc.).

Fai1ure to ignite can resu1t in an accι.ππ:]"ation of ι:nburnt fue1 w.ithin
the boi1er vftιch can subsequent1y ignite exp1οsive1y causing damage. Do

not proceed τ^rith more than TI,.JO attempts at ignition w-ithout investigating
ιhe δause and checking to ensure that ι:nburnt fue1 has nοt accιτπ:lated
τρ.iιhin the boiler.

Ιt iS essentia1 to use fue1 of the correct specification. Keep the f1-ιe1

c1ean. Do not μτψ fue1 from the very bottom of a fue1 container.
Keep fι:e1 tank- c1δsures in p1ace except vriren f i11ing. Guard against the
ingiess of jnsects oΙ anima1s. Prevent water, dust, griι etc from
entering the fue1.

4.1,.2 Boiler (or Steam C'enerator)

The boiler is essentially a heat-exchanger vrtrere heat is transferred from
the hot combustion gases to the τnzater, τρlrich ι:ndergoes a change of phase
Ε,o Sε,eam.

It is essential that the temperature of the boiler Eubes (including the
superheaΕer tubes) remain vu.ithin safe liτnits, and this Ιneans that they
πτ:st be supplied τεith water at a11 tiπes viren the burner is in operation.
Ιf the water supp1y fa11s be1ow a safe 1eve1 the vlater tubes can becοπie
too hot causing distortion, weakening, or at wοrst, fracrure οr bursting
ι:nder pressure. Under these conditions the Saturated water temperature
ιri11 exceed ιhe set 1iπit and the boiler τvi11 be automatical1y shut doτρn.
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Ιf toο πι:ch water is fed to the boiler it wi11 be carτied over jntο the
accιπ.n:lator. Take remedia1 actiοn if the accιτnu1atοr condensate 1eve1
rises faster chan is noπna1.

The pressure in the bοi1er and accιπu1ator wi11 increase if the heat
ιransfer rate frοm ιhe cοmbustion gases is greaιer than εhat requiτed to
satisfy the steam demand. Ρressure contro1 is effecιed either by varying
ιhe stΞam demand or by varying ιhe fue1 f1ow rate. ]n- norma1 operation
the fue1 f1οw rate is contrο11ed by the bοi1er pressures Set on the
pressure sιricches sitι.lated on the front of the boi1er. lα^: SteaΙn demand
w.i11 resu1t in a higher boiler pΙessure than wi11 high steam demand.
Consistently higher or 1οwer boiler pressure chan nοrma1 for a given
SteaΙn demand is cause for investigation into the burner, oΙ it may
indicate scaling οf the boi1er tubes.

The boi1er is equipped with two safety va1ves ιi.ιich wi11 re1ease steam if
the pressure exieeδs set 1eve1s. Do not tamper w.ith the safeιy va1ves.
They shοu1d be checked fοr correct operatiοn regu1ar1y.

4.1.3 Ti:rbine

The main featrure cοncerning turbine safety is to guard against
over-speed vftich can cause the turbine vflree1 to fracture. Although the
turbine is speed regulated by a governor-controlled throttle valve and
has an over-speed trip, failure or seizure of these mechanisms could lead
to an over-sDeed condition. Ιf such a condition occurs the turbine Steam
in1et va1ve ιvrzl οr main steam va1ve Ν2 or V3) rrn:st be closed aS
quick1y as pοssib1e. Shutting dovnr the bοi1er wi1l not necessari1y
prevent an oveΙ-Speed accident ow-ing to the 'stored' steam τ.l.iιhin the
aecιΙru1ator.

Maintain the turbine governor and over-speed trip mechanisms in good
condition. Refer to the Tirrbine Maintenance Handbook.

Keep 1oose c1othing, 1ong hair etc away from exposed moving paΙts of the
tιrrbine.

4,Ι.4 Dynamometer

The dynamometer
for the trrrbine

not be allowed to over-speed. The above precautions
apply to the dyeamometer.

4.l.5 Condenser and Cοndensate Vesse1

over-οressιrre of the condenser and condensate vessel rπust be avoided.
Such a condition could occur if the cooling water supply to the condenser
failed dιrring operation of the plant. Ιf the cοndenser safeεy va1ve b1ows
or the high cooling water temperature a1arm operates, shut dοlυn the p1ant
and ascertain the cause.

The condensate vesse1 has a high 1iquid 1evel alarm fiιιed. Ιf this a1arm
operates check that the condensate extraction pιπnp is oμraιing and that
the non-return valve is working properly.

ΙτΙι.1St
^'1 ^^daδU
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4.Ι.6 Pιπnps

lf ιhe plant is not used freqι:enι1y che pιΙ.nps may becοme seized. A motor
burn-out wi11 οccur if a seized pιτnp is energised for more than a few
seconds. Ιf a pump fai1s to rotaιe switch off the e1ectrica1 supp1y tο iι
and ascertain ιhe cause. Εxcessive noise or leakage from a pιΙΙp usua11y
indicates that maintenance is required. A nοisy vacuum pιΙnp may indicaιe
l}'ηl F1-'n ^'-^;. 

j..'.f€.inianflτz ]^.l^J .Γ-.' nnan-,i.- -'.l1'^ \I,,l 
^-1 ioht]r,tnaL LΠe puΠlp ΙS ΙrιSLLLΙΙυΙeιιL1Jν lUaueιJ. !Ly UPcΙ]ΙΙΙ6 vaa VE v4l. δl.Ι6!ιLJ Jν .

Where there are dua1 pιΙ.nps it is goοld practise to use the pιπlps
a1ternate1y in such a way aS to give boιh pιπφs approxi:τlately equa1 use.
In this way deterioration due to non use τvi11 be avoided.

4.1.7 Further General Safety Guidelines

Do nοι attempt tο carry out maintenance or ιrnauthοrised adjusαnents vftile
ιhe p1ant is operating.

hlren opening or c1osing SteaΙn va1ves fu11y always back off from ιhe Stop
by appτoximate1y a quarteΙ of a turn. This he1ps prevent va1ve seizure
owing to differential thermal expansiοn wtren the p1ant is warming up or
cooling down.

Wear protective g1oves or use a va1ve spanner to opeΙate va1ves ιlhose
hand vfuee1s are hot.

Do not knock or hit the glass fronts of pressure gauges or the glass
tubes of 1eve1 indicators or manσrrΙeteΙS. G1ass breakage can be both
dangerous and disruptive.

NOTES:
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4.2 OΡmΑTΙNG ΡROCEDURE

Thρ fοl]οr^rins Dτocedure shou1d be fo11οwed to enab1e the p1ant ιo ber- - -----
operated at a conditiοn correspοnding to apprοximaιely iιs maxi-rrn-ττl

overall efficiency.

R.efer to Fig. 2 and Plates 1& 2 to identify valves and controls.

The procedure is divided into four stages:-

1. Ρre-start checks.
2. Sιeam raising
3. T\:rbine oφratiοn
4. Shut dοτ^πr

4.2.l Ρre-start checks

1. Ensure that the control console master switch is OFF and all
electrical sw-itches on the control console and boiler control panel
are in their OFF or MTN Position.

2. Ensure that sufficient fι:e1 is avai1ab1e to coπφ1ete the run. If
necessary top uP the dai1y fLre1 taψ by- opening va1ve ν42 and
ηa,-rrηJ-jnα r-}ra fuel trand pι-,b. CLοSE va1ve V42 vdren the tank is fu11.dι- LLΙa L ΙΙ Ιδ Ll ιξ

3. Check that a11 va1ves are σl,oSED except: ,

- Τsοlatinρ valves fiιted to a11 pressure gauges' pressure transducers
ane1 1eveT gauges. These va1ves λre not 1λbe1ted since ιhey norma11y
remain OPEN.

- The mains water supp1y va1ve (v31) and the mains supp1y -va1ves tο
,-l.,o nnn1 ing to\Λ/er λnd.water softener circuit to the feed tank.LΙlE υννΙ !Ιi

Ν29 'ν32) 
.

- Condenser coo1ing \Λ7ater circuit va1ves . (ν24,ν25A/B,v26AlΒ'ν27)

- Condensate eΧtraction pι:rnp va1ves V17A/B and V18A/B.

4. Remove, c1ean and replace the Strainer in the Steεm main.

5. Ensure that the curbine throιtle 1irkage can be moved by hand. A1sο
check that the turbine-d}τΙaΙnστ}eter can be rotated by Ψ,d,. and that
the turbine over-Speed trιp is set. Top up the oi1 in the tιrrbine
bearing housings and the gδvernor to ιheir correct 1eve1s.

6. Check that the condensate vesse1 is eπΤpty. Ιf not energise the
condensate extraction pιτnp ι.ιnti1 the vesse1 is empty, then turn OFF.

7. Ctιeck that the coo1ing tower water reservoir and the feed tank are
fu11.

8. Check that the vnater softening ιrnit is corurected and working.

9. Cheek that a11 drains are c1ear and ι.ιnobstructed.
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4.2.2 Steam raising

1. OPEN the fο11owing va1ves:

-A11 va1ves in the feed tρater supp1y 1ine. (V19,V8A/B)
-Sl:τprhρetρr in1et and out].et va1ves. (v3 and V4)
-τι:ibιne by-pass va1ve and atmοspheric exhaust va1ve. (V11 and V16)
.The main fue1 supply valve. (V4Ο)

-Accιτπ:1ator Steam trap va1ve. (V36)

Check that the superheater cοo1ing waιer va1ves, V6 & ν7 are fu1ly
c1οsed.

2. Paτtly OPEN saturated steam by-pass va1ve V5.

3. Turn the control console master switch to ON. (The SUPPLY 0N warning
light should illuninate). This supplies po\n/er to the boiler control
pane1.

4. Ρress the (green) superheater Εube high temperature warning reset
buttοn to aΙ1oτv power tο the boi1er contrο1 pane1. Turn the boi1er
^^-+var ^-^^'1 master Switch ON.ι-ιJtΙLΙι,a Paι1Ξι

5. A nι.ττber of warning indicators shou1d i11ι:rninate on the boi1er contro1
panel. Reset them 6y pressing the RESET buttοn on the contrο1 pane1

λ11 warning 1ights Ξxδept the PΦJER. oN and Ι,ovΙ FEED ιΛ]ATffi. ΓΙ.σιΙ warning
1 j ^L&^ ^L^.'.1 l ^.,* 

j.αl j οl.r
1 ΙBΙΙLδ διιιJιJΙι1 E.Δ.LΙι16μlDιΙ.

6. Select the feed pιπnp v*ιοse va1ve was opened in Sεep 1,.and then se1ect
feed pιπφ oN. σhδck that water f1ows from valve V5 to drain, anci that
the Ι,o1,J εεευ weτr. FΙσrj warning 1ight extinguishes.

7. Se1ect Ι.ο1n] BURN, then select BURNER oN.
The burner shouid cστlΙτEnce its automatic purge and ignition cycie.
Check for the presence of f1ame. If the burner ma1fi.-rnctions, sτv.itch
oFF and rectify ιhe fau1t before proceeding.

8. \,Jlren Steam issues from va1ve V5 to drain (thιs wi11 take approximateJ-y
5 - 1O mins), OPEN va1ve Vl to a11οw steam to enter the accιτrιr1ator,
and s1oτ,v1y σΙnSE va1ve V5.

9. Check that steam issι:es from the afulospheric vent and monitor the
suφrheat terΙΙperacure. 1t shou1d not exceed 30Ο"c...

1Ο.A11oτρ a few minutes for the Steam to exhaust tο afinosphere to c1eaτ
the steam main of air and debτis, then partia11y cΙ,ΟSE the steam
by-pass va1ve v11. Do NOT COI'{PLTETLY cιΓΙ OFF THE STEA}4 F1,α,{. T11ΙS WΤIΙ
οiiτκτvε T}ΙE SUPERi{EATER' TUBES oF STEΑI',Ι ΓΙ,ιJ AND COULD CAUSE TΗm,l T0

OVMfiEAT.

11.Oιrce the boi1er pΙessure reaches approximate1y 4 bar select HΙGH BURΝ.

Note that the feδd μΙτlp Speed wi11 λutomatica11y increase. A11ow the
boiler to reach its nοrma1 operating pressure.

12.The bοi1er wi11 now continue to opeΙate automatically.
]f the boi1er pressure exceeds thΞ 1ower set 1imit the burner wi11
automatica1ly run on 1ow burn. If the pressure exceeds ιhe higher S9!
1imit (but bδ1ow the sea1ed abso1ute safety 1imit) the burner wi11
turn off . The burner wi11 automatica11y reigniιe wt.ιen the pressure
fa11s.
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4.2.3 Tlrrbine opeΙation (Vacι.τιττl Exhaust)

1. OΡΕN the cuτbine exhaιrst va1ve (V].4) and a1]. turbine nozzΙe va1ves.

2. OΡEΝ vacuum va1ve (V2Ο). 0Ρm{ vacuum puΙnp mains water supp1y va1ve
Ν22) one Eurn. T\:rn ιhe vacuum pumpl condenser coo1ing wateΙ pιτφ and
coo1ing tower fan switches oN. Tt.lrn the condensate extraction pιΙ.np

switch to AUΙO. Adjust the coo1ing water exit va1ve Ν27) to give a
f1oτρ of approximaLely 25 m3/h.

3. Wait ιlΙlti1 the vacuιτn gauge reads approxjmate1y -0.8 bar then s1ow1y
OPEN va1ve V13 tο a11olv steam to the caτbοn ring sea1ing glands.

4. T\:rn the governor sφed adjusιing screw to its MINIMUM speed positiοn
if it is nοt a1ready in that posiιion.

5. Gradua11y OPl'i the turbine Steam in1et va1ve (v12) and a11οlρ the
εurbine tasing to warm up s1ow1y. Conιinue Eo open the va1ve and a11ow
the tι:τbine to rotate. The bypass va1ve (V11) may no!{ be CI,οSED.

6. Continue to OPEN the tι:rbine SteaΙn in1et va1ve (v12) s1oτ,v1y unti1 the
governor aSSuΙneS speed control at the 1οw speed Setting. ]f the
Ξ^.,o-.^- f ai ] c tn }ρc.l τ.l ntρ 1-,|.'^ .,-.nH ηf t-}ra .,| 

^' ' ^^^^l -^r+ j ηρ shltΓgovernor Ιaι1- -.ιe δΙ,EEu dL LιιE l.ιJ\ry δL,EEu δΞLLΙΙ\5 οΙlψu
doιπr the p1ant and asceτtain the cause.

7. Once speed control has been established and the turbine is thoroughly
warmed- through, OPEN the turbine SteaΙn in1et va1ve fu11y and adjust
the speed seiιing Screw tο a speed of approximately 320Ο RPM. The
speed- shou1d fa11 to 300Ο RP}4 vf,ren the Ειrrbine 1oad is increased.

8. The turbine 1oad may noιl be app1ied using the e1ectrica1 dy:lamometer.
Turn the fie1d sw.itch ON and cΙ,SE the armatruΙe circuit breaker.
Ιncrease the e1ectrica1 1oad by rotatirιg the excitation rheostat
cloclζ\nΓise ιrnti1 the turbine speed fa11s to approxImate1y 300Ο RΡM.
Ιt is recoα-πrended that the 1oλd be app1ied steadi1y So aS to avoid
sudden high steam demand vflrich τvi11 cause an excessive fa11 in boi1er
pressure, but not too s1ow1y otherwise the boiler will trip out owing
Lo high superheat tempeΙature.

9. At this condition the p1ant is oμrating at its maxi::un efficiency.

The trurbine opeΙating cοnditions may be varied by:

-Ctranging the e1ectrica1 1oad. NB Ιncreasiιrg the e1ectrica1 1οad wi11
control the turbine speed on load rather than by the governor.

-σhanging the speed using the speed Setting ScΙew.
Dο not exceed 30ΟΟ RPM.

-Rρdllcing Γhe nιτnber of nozzles in use on the turbine.

-Changing the in1et Steam pressure by ιhrott1ing using the tιrrbine
inlet valve (V12).

-Changing the back pressure by throttling using the exhaust valve
(v14).

1O.During running monitor all pressure and temperatures and note any
anαna1ies in the boi1er operating 1og.
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4.2.4 Shuι dοwn

1. S1οw1y σΙ,oSE the turbine Steam in1et valve ΝΙ2), and crack the bypass
va1ve (V11) OΡEN. C1οse va1ve V13 when the turbine ceases to rοιace.
(NB For a temporary shut-doτρn CΙ,ΟSE V12 on1y).

2. ω the boi1er control pane1 se1ect Bι]RNffi" oFF. CLOSΕ va1ve v1 and
s1ow1y OPΕN va1ve V5. Tirrn the feed pι-πτlp OFF when the satuτated SteaΙn
t^6'^^v^*rv^ 

-^^^L^^LEΙΙlΙEΙdLιlrc l-Eaι*ΙΙΞδ aPμΙUΛΙllaLtΙ-y l-\Jv ν.

3. α,SE the fue1 va1ve (V40).

4. on the contro1 conso1e turn the vacιrι:rn PuΨ, cοndenser coo1ing water
pιπnp and cooling tower fan OFF. αΙ,oSE va1ve ν22. Ιf the condensate
vesse1 is not empty turn the condensate eΧtraction pιτnp to Ι.4ANUAL and
wtren the vessel is empty turn it OFF.

5. T\:rn the excitation rheostat fu11y anticloclαρise. T\:rn the fie1d
swiεch OFF, and OPEN the armature circuit breaker.

6. T\:rn oFF the e1ectrica1 master Switches on both boi1er and contrο1
consο1e. oΡΕN the Eurbine exhaust drain va1ve, (V35).

7. A11ow the boiler to coo1 tο approximate1y ambienι temperatrure then
cΙ,OSΕ a11 va1ves. Ιf the boi1er is to be 1eft ι:nused for a 1ong peτiod
of tiπre it is usua1 to f1ood it to prevent corrosion. Fo]-1orρ the
instructions given in the Boiler oφrating }Iandboοk.
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4.3 ALTERNATΙVE OΡffiΑTΙNG MODΕS

4.3.Ι Ti:rbine (Aπnospheric exhaust)

1. Reduce the dynamometer 1οad Lo zeτo.

2. C1ose turbine SteaΓn supply va1ve V12.

3. T\rrn the vacι.τιτn pιτnp OFF, and CΤ-OSE νalνe Υ22.

4. Slow1y OPEN the aEnospheric exhaust valve V15, then close the
condenser ex]:ιaust va1ve V14.

5. S1ow1y re-open va1ve V12 and restore the dyramometer 1οad.

Do not r.ιrn for 1ong periods in this mode to avoid excessive make-up
water passing through the water softener.

Reverse the above procedure to retrurn to vacuι]rn exhaust running.

4.3.2 Saturated steam suPPlY

Τn οrdρr tο οneΙate w.ith saturated Steam on1y the suμrheater coi1s πτ:st
Ιlt νιuν!

be kept coo1 δy passing cοndenser coo1ing water through them.

m NοT ATΙm,r,T To C}IΑNGE TO SATURATED STEΑyΙ I},ι4EDΙATELY ΓRoM oΡffiATΙNG
\^ΙΙT}1 SUPffi.ΗEATED STEΑ}4.

The introduction of co1d water to the hot superheater tιrbes cou1d cause
sudden Steam formation and the therma1 shock may damagg tφ superheater
tubes. Shut the p1anι doτυn and a11oτρ the boi1er to coo1 before restarting
as directed below:-

1. Carry out the pre-start checks as directed in Section 4.2.7'

2. OPm{ satrurated steam supply valve V2'

3. CI,OSE superheater inlet and outlet valves V3 and V4.

4. OPEN superheaιer coο1ing in1et and out1et va1ves V6 and V7.

5. Switch contro1 conso1e master sw.itch oN, then tuτn the condenser
cooling water pιπφ and coo1ing to\Λ7er fan switches oN.

6. Check that the flow indicator shows a positive water flow through the
superheater tubes.

7. OPEΙ{ valves V19, V8A/B, v11 and V16.

8. OPlrI accιτrι:1ator Steam trap va1ve V36 and fue1 va1ve V4Ο.

9. Noτε contiπ]e w-ith the procedure for steam raising in Section 4.2.2
at STEP 4 and subsequent steps.

I,J'Ιren the boi1er is operating steadily saturated (or near Saεurated) Steam

w.i11 be supplied.
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Γ}^nyηfn fl-ιn h1?λ.jn^ .^^^tΑ: nσ fΛ t-}rο nrnnρrlrrrρ\JιlEιdι.Ξ LΙΙΞ LuΙ UΙιlΞ αυLνrgΙιιε1 9U LlΙL

^vn^nf 11.η* -ii- ..τ-i l.,] nhrziΛ11c]\7 nn. L^exceμL LΙΙaL J.L w... -- ..-L υc ΙΙcLΞδδaι./
τ.'.rΔf ^,*^ ...] n^^.] jnr fΛτ.τΔ7 €.n }rρnrlrcρ rhρ\7\ryd.LΞ! PιΙΙΙΡ d,ΙΙιι υUιJΙΙΙΙ6 LUwΞι lαlΙ UΞυαuΦL urιυ-ν

Γnlrinρ οneral_iΟn monitor the Superheateτ
temμiatuie. Ιf it approaches 100οC shut dοwn
sufficient f1oτv to the tubes.

ρiven .,i n Sectiοn 4.2.3
to switch on che cooling

...,i.1 1 1.^ ^^^-.l..i.- .1-^^Α-.
\ν l- -ι .l. ι,c ιjιE r a ι. ΙΙ ΙΞ d. a Ι Ξ d.ι.r-ν .

^^^.1 .i.- r t^f ^y di cr'h:roρυι-,ιJa ΙΙιE; WoLEl uΙJυrΙu!δυ

the boi1er and check fοr

4.3.3 To revert to suφrheated Steam operation

1. Reduce the d1nranoτrreter 1oad to zeτo and c1ose va1ves V12 and V].3 to
isolate the tιrrbine.

2. F\:11y 9ΡΕN the byρass valve V11. Saturated steamτvi11 noτρbe vented to
aEΙospnere.

3. Fu11y CΙ,OSE superheater coo1ing in1eι and outlet va1ves V6 andV7.

4. ΙMι.EDΙATELΥ OPEN va1ve V4.
Do not de1ay in dοing this otheτwise the water trapφd in the
SuperheateΙ tubes cou1d expand and fracture the SupeΙheateΙ tubes.

5. S1ow1y OPl{ va1ve V3 and CΙ,OSE va1ve V2. The water in the supeΙheater
tubes w.il]' be b1ol^m through the steam main and σut through the
arnospheric vent. A11ow sufficient tfuΙΙe to ensure that a11 water has
been b1ovπt c1ear.

The boi1er iS no\,,/ Supp1ying SupeΙheated steam and the turbine may be
restarted as described in Section 4.2.3.

TΗE STEΑΙ',I AND SUΡER}ΙEA:ΓER
i.e. MΙl.{ VΑLVES V6 AND

WΑRNΙNG

CooLΙNG WATffi. CΙRCUITS MUST NEvm, BE CONNECTED.
v7 ΑRE 0ΡEΙ\Ι, vALvES V3 AND V4 MUST BE CLOSED,

AND vΙcE νERSA.
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SΕCTΙOΝ 5

CALIBRΑTΙON οf }ΕΑSURING ΙNSTRUΙ,ΕNΙS

The indication οf any instrument is never abso1ute1y accuraιe. .Εvery
instrιrnent indicaιes a measurement vfl.ιich is within certain 1imits of the
true value. These 1imiιs (or to1erance) aτe a measuΙe of ιhe instrιτ.nent,s
accuracy. Provided ιhe 1i:τlics are w-iιhin a range wirich is acceptab1e fοr
our purpοSes the instrιτrenι is regarded as Satisfactory.

Ιt is recoππended therefοre that the accuracy of the instrιments be
checked at least annual1y.

The accuracy of instrιτrrents iS typically checked in one of two ways:

(a) By cornparison τ.v.ith an instrιτrrent whose accuracy is at least an
oider δf magnitude better than the instrι:rnent to be checked, or

(b) Subjecting ιhe instΙιπ.€nt to a measureπlent kno\^JΙ.ι to be accurate by
at 1east an order of magnitude better than the instrιπrent is
required tο indicate.

The fοllοwinρ οτocedures are recοrrπended for the instn-τnents prοvided:

5.1 PRESSι]RE GAUGES

Ca1ibraιe using a dead-weight tesεer or against a certified test pressure
gauge.

TΞ |L^ .^^.].;^,] .ΙΙ LιrE α,,yaΙgu JΙ test-gauge pressure differs from the indicated pressure
by mοre .tλun the fo11owing aΙnoι}rΙts the gauge should be adjusιed or
rep].aceα:

Gauge pΙessure Ιange

0 to 16 bar

-1 to 2 baτ

Permissible error

t 0.2 baτ

t 0.Ο5 bar

Tn addiιion to checking the gauge accuracy, check a1so that ' the need1e
moves freely and smoothly. rΞ the need1e moves in a series of Stops and
starts the gauge should be replaced.

5.2 TΙ}4Pπ'ΑTURE GAUGΕS

Γ^.1 .i1.-.f^ .-. jn.jt a certified therποmeter:-υd'l.ΙυΙd.LΞ aδαΙιι.

O - 1ΟO oC Use a wateΙ bath and certified Ιnercιlry in g1ass (ΜΙG)

thermoπreter of accuracy better than tΟ.1 oC.

Teπφerature indication shou1d be within t 1oc of the
certif ied thermoπΙeteΙ .

0 - 40Ο "c Use a suitab1e sa1t bath and certified thermocouple indicator
of accuracy better than t 0.5 oC.

Temperaure indication shοu1d be w-ithin t 5 "C.
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5.3 T,EVEL GAUGES

No calibraιion check is possib]e since these gauges are
manufacξuτe.

If 1eve1 tubes or manoΙneιer tubes becοme dirty hοwever,
',;'l 

,,] ]-.^ ..-^. jyal T€ *λn., }'^.m d.i rΓv thev ιri l l need!vΙ11 υe ΙΙΙΙιJd.tιeu. 1Ι LΙl.E-Y UELUι]Ε u!! L-ν LΙlLJν w!Ι f,

-o-n. zοr] . ] o,.o.] ..l -^^l . ^orlΙgιlιUνtu 
' 

υΙΞαΙ19υ dιιιl ΙEPaαυEu.

calibrated during

their readability
to be carefully

5.4 TAC}iOΙ.ΕTΙR'

Check the tachοmeter against a
^^^^l ..i -l -i 

^ ^r^- ^F 
'l-,nJ-rnv

δμ|ccιl ΙιΙιlΙgdLυΙ ι,J- dLLιι!dυ-y UΞLLEr

RPM. (NB Tachoπeter checkins wi11

suitable remote sensing electronic
than t 5 RPM over the range 0 - 5000
have to be accοmp1ished during tuτbine

οperation).

The tachometer shou1d indicate τ,αithin t 5Ο RPM of the test indicator.

5.5 TORQUE INDΙCATOR.

Ensure that no residual torqιre is being app1ied tο the dynamατreιer then
Set the indicator at zeτo using ιhe 'Zeτo adjust' potentioΤΓeter.
Attach the weight hanger tο the dynamomeιer and suspend the suppliρd
calibration weighc from it. Using the 'span' pοtentiοπreteτ, Set the
indicator to read the app1ied torqι:e.

NB Torque arm radius : 300τπn, therefοre:

Ca1ibration weighι (kgf ) -l, 2.94 = Nm (on Torqι:e meter)

5.6 FΙ,o\,J INDΙCATORS

Νo ca1ibration is possib1e οf the f1oτρττιeter used for measuring - condenser
coo1ing water f1οw or of the tota1ising meter foτ measuring feed water
quantity to the boiler.

Remove, c1ean and refit ιhe f1oaι gauge cube if it becoπies dirty.

5.7 DIGΙTAL PR.ΕSSURE and Tlfffi.ATURΕ ΙNDICATORS

Calibration of the Digita1 Ρressure and Temperature ]ndicators shou1d not
norma11y be required δecause of theiΙ exceptional 1ong term stabi1ity and
aLLU!AL V .

Ιf ca1ibration is required however, they may be checked in the Same way
as described above fδr conventiona1 pressure and temperature indicators.
Extreπre care is needed to ensuΙe ιhat the e1ectrica1 signa1 1eads do not
L^^*^ J^-^-^r rr broken.L,Eι-ι,ΙΙIE udtιaEΞu υ
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5.8 SAF'ETY ΙNSTRι]Ι.ENTATION

The srιοerheateτ water f1ow indicatοr needs no ca1ibration.

Ca1ibrate the suφrheater coo1ing water discharge temperature gauge if
necessary as indicaιed in Sectiοn 5.2 above.

Ιt is not recoπrrιended ιhat the saturated steam temperatrure gauge be
ca1ibrated. Check its accuracy using SteaΠ tables vfren the boi1er
nτοea1 1τρ jq q|ρ2riττ

-* - ---uJ'

Ν0TΕS:
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SΕCTΙON 6

EpER.ΙΙ.{ΕNΙAL ΡROCEDURES

Fοr each of the experIments listed in Section 2 LL is necessary to
operate the p1ant ι:nder STEΑDY conditions. Theτefοre if a series of
readings are being taken aι different operating condiιions ensure that
sufficient time e1apses between τeadings to restore sceady State
cοnditions.

The ιiπie required between readings can be established experi:nental1y by
r-ηl,-inπ - ο^*j^. οf readinρs at τρρ.ιl]ar interva1s. LIhen 1itι1e or noLdr!ΙιΙE! a δEΙΙcδ -. .***-..O- -* l9δuΙαl !ιΙLνι vq
n}'..π^ Λ^^1 1t'ο l-l^*,'^^- a1 1^^^οο jve τeadinss st^.l.- ^^'^l.l +; ^.^ can bectΙaΙΙBe υι-Uuι5 υeL\νeeιΙ δuυυcδδ.L"* **EaιfJV υUΙΙuΙLΙιJΙΙδ
^^^'*^l r^ 1^^''^ λ^^. .^ι^ j ^''^.]aδδulEu LU ΙlavΞ UΞΞΙ l aυΙ ΙΙΞ νΞu .

Alιhough the boiler may be operated on its o\ΛJn by bφassing SteaΙn
r]i rροrl v rο armοsnheτe . .i t i s recorπrrended that the tr:rbine a1so be
operaιeb even if δn1y boi1er eΧperi:nents aΙe being done. This ιri11 he1p
to ensure thaL all components of Ehe plant are kept in working order, and
ic wi1l avoid passing 1arge quantities of water through the sοftener.

For each of the fo11ow.ing procedures it iS assιτrred that the p1ant has
been started and is being operaιed in accordance with the instructions
given in Section 4.

A typica1 seι of experiτnenta1 πιeasurements is shοvαr on the Ιοg Sheet
inc1uded in Section 7 and exaπφles of ana1yses can be found in the
corresponding sub-sectiοns of Section 7.

The Observaιions Suggested are not necessary in order to do the
calculations but should be noted to gain a better appreciation of the
pΙocesses and charιges v*rich occuΙ.

6.1 STEΑ}4 ΜASS FI,ΦJ RΑTE (Comparison of Ι.,Iethods)

Three πrethods of measuring steam mass f1ow may be ιrsed:

(a) σrifice and Differentia1 Pressure Gauge

(b) J.4ρaslττiηρ ltr.^ *..-n rnnrr'.y^d to fi11 the condensate vesse1\ U / ι lgqοψ! Ιι\δ LΙ1E LlfΙΕ Ι Ξι1u!ιE

(r") Μρesllriηρ. t-}ra ri'_ τanrτirο6] fοr a ρiven ehanρe .i n feed wateτ\ υ / ι ι9αοψ! ΙΙξδ LΙtΞ L!ΙΕ lE9uΙlΞu Ινι α 6rvLιι 9rruΙιδL

tota1ising rrιeter readings.

NOTE: ]f steam is being bypassed (b1oτυn to aεΙτlosphere), Μeιhοd '(b)' πιrst
be omitted from the comparison.

Procedure: -

Measure: (1) Steam flow rate from the gauge. (Section 3.2.4)

(2) TiΙ]e foτ the condensate quantity to change by 20 litres as
indicated on the condensate vessel sight g1ass.

(3) Liιres of water aS Ιegistered by the feed water tota1ising
ΙrΙeter over approximaιely 30 minuιes.
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The steam mass flow rate may
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water tempeΙaεure.

var.i ed bv chanρi.o thρ hni l ρ- 1oad aSvαlΙυU νJ νLLaLLbLLLb

be1οw.

1-^UE
6.2

6.2 BoΙLffi" ΕFFΙcΙl']CY

Measure: (1) Fue1 f1oτv rate, (Sectiοn 3.1.1)

(2) Sιeam mass f1ow rate,(Use Meιhod '(b)' above).

(3) Feed water tempeΙacure.

(4) Sιeam supp1y pressuΙe and ιempeΙatuΙe.

observe: (1) Boi1er pressuΙe and temperature.

( 2 ) F1ι:e gas temperatrure.

The boi1er efficiency is ιypica11y dependent on the boi1er 1οad. The
boi1er 1oad may be varied (τρ-ithin 1iπits) as fo11ows:

(a) To ΙΝα.EASE the boi1er 1oad, s1ow1y OPEN the turbine bypass valve
(v11). This a11ows steam to escape to alnοSphere and Ιneans that
additional water πτ:st be supp1ied by the water Softener. Do not
therefore operate in ιhis manner for any 1οnger than is nee<ied to
stabilise aλd record the necessary readings. The maxi:ππn steam maSS
f1oτv rate is approximately 45Ο kg/h. The boi1er pressure wi11 fa11
progressively if this value is exceeded.
Notδ that τ.rith the turbine opeΙating as directed in Section 4.3 it
may not be possible to increase the boiler load significantly.

(b) To DECREΑSE the boi1er 1oad reduce the dynaπατreter 1oad to a minfuτιπn.
To furεher reduce the boiler 1οad, progressive1y c1ose the tιrrbine
πozzle va1ves. fntermediate 1oads can be obtained by varying the
dy,namometer 1οad.
m NoT RΕGUIΑTE THE STEΑΙ"I FΙ,oI,/ To Tt{E TURBΙNE USΙιc TΗE NOZZΙJ
VΑLνES. TTIEY MUST BΕ E]TΗffi, FUIΙY OPEN oR FUΙΙY σΙ.οSED. Erosion οf
the va1ves πlay occur if they are used as regu1atoΙs.
}4iniππ-ττl boi1er 1oad occurs with one nozzle open arιd zeτo d1rnamoπeter
1oad.
Under these conditions burner opeΙation wi11 be intermittent "and

therefore re1aιively 1οng ti.τ.Ire perio,ds w.i11 be required to accαnp1ish
this test.

6.3 TURBΙNΕ ]SENTROPΙC EFFΙCIENCY

Measure: (1) Ti:rbine shaft speed.

(2) T\.ιrbine torque.

(3) Steam mass flow rate.(Use method of para 6.1 (b))

(4) T\rbine steam inlet pressure and temperature.
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(5) Turbine exhaust pressure and temperature.

T}ro trlτ.h.inρ qτrρρd m2v hρ al rρrρd hv rρsρΓr-inρ rhe ροvern... ^.^^;
-. -Ξ!Ξu νJ !9ο9μLΙΙ\5 LtΙυ δνvμlΙ1νΙ δΙJEζu

ad-justing SCΙθW; Do not exceed a turbine Speed of 32Ο0 R'PM oιherwise ιhe
Λ17οr-ercοΛ r-ri τ] _..- ^.^g^+^ιΙΙd.γ υyEJ-dLg.

The turbine 1oad can be varied using the dμramοmeter. If however, the
dyramometer 1oad is increased ιo εhe point where the governοr maintains
tλe ιhrottle valve in ιhe fu11y oφn position, further increasing the
dyramατreter 1oad wi11 cause the turbine speed ιο fa].l.

Εach of the above Strategies may be used to vary ιhe turbine oμrating
conditions.

Note that this test is done on the turbine/thrοtι1e cατrbination since the
turbine chest pressure is nοt avai1ab1e.

6.4 STEΑΙ'{ CΥCLE T}ffi.MAL EFF]CTEΝCY

Measure: (1) A11 steam and condensate pressures and tempeΙatrures.

(2) Turbine speed and torφ:e.

(3) Steam mass floτρ rate. (Meιhod of para 6.1 (b) )

observe: ( 1) Fue1 f 1oτ,v rate

(2) Condenser cοο1ing water f1ow Ιate, in1et and outlet
tempeΙatures.

The cyc1e operating conditions may be varied as described in sub-sectiοn
6.2 except that steam nn:st not be bypassed.

6.5 ovERAΙΙ PrΑNΙ T}ffi}4ΑL EFFΙCΙENCΥ

Measure: (1) Fι:e1 f1oτρ rate.

(2) Turbine speed and torqι:e.

Observe: (1) Total electrical load used by the plant (if practicable).

(2) Dμramometer Vο1ts and Amps.

The plant operating conditions may be varied as described in sub-section
6)

6.6 HEAT*EXCLIANGER. EFFECTIVENΕSS

The heat-exchanger is the condenser.

Measure: (1) Condensate f1oτ^l rate and temperature. (Method of para 6.1 ιb) )

( 2) T\:rbine exl:laust temperaEure.
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(3) Condenser pressuΙe.

(4) Condenser coο1ing water mass f1ow rate, in1et and οut1et
temperaEure.

The steam mass f1ow rate may be varied as descτibed in sub-section 6.2.

The condenser coο1ing water mass f1ow rate may be varied by using the

condenser exit va1ve Ν27 ) .

ΝOTE: Ιf the condenser coo1ing water f1oτρ rate is reduced too rrn:ch'

insufficient heat wi11 6e removed frαn the turbine ex]raιrst steam

and the cοndenser pressure w.i11 rise. Do NOT ΕXCEED A CONDEI\]SER

PRESSURE 0F -0.5 bar.

6.7 STEADY STATE ENπ.GY ANΑLYSΕS

ΡIeasure: A11 paraΙτ}eters as shoτρn on the Ι,οg Sheet.

The plant opeΙating condiιions may be varied as described in sub-sectiοn
ζ)

6.8 ΙNSUΙΑTΙON EFFECTNm\ΙESS

Vaτious tyρes and sizes οf insu1ation aτe supp1ied vrlιich may be fiιιed tο

a Seccion"δf st",m piφ from the superheater coi1.

Procedure:

(a) Fiι the desired insu1atiοn to the ΡiPe, and attach the cutside
surface temperatuΙe probe

(b) Monitor the steam temperacure and pressure and external surface
tempeΙatrure of the insu1ant. \nIΙren the.τeadings are steady note the

inside and ouιside surface ιeΙττperaεures.
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SΕσΙ]oN 7

TYPΙCΑL E}ΡERΙMENΙAL RESι]LTS & ANALYSES

The comp1eιed Log Sheet (p.43) gives a Set of typical results frοm the
p1ant vltren operating ι:nder approximate1y maxiτπτn overa11 efficiency
conditions.

The fo11oτρ.ing ana1yses use the data recorded on the Ιοg Sheet.

The 'Points for Discussion' given in each sub-section are πΙeant to Serve
^^ ^ ^^] € ^*'l-. ^^Α l^- +^^^L-;.^ aid.aδ d δEf L D Luuj/ d.ιΙu/ ιJΙ LEaulΙΙΙlδ αΙu.

The sub-sections of this Section correspond with the sub-sections of
Section 6 and the Section 2.1.

7.ι Steam Mass F1ow Rate (Cαnparison of Methοds)

(a) Orifice and Manorneter

The mass flow read from the scale was 400 kg/h
Steam density at 10.94 bar abs. and 272"C is 4.511 ξ/m3
An approximate correction factor is 4.511 l4.2955 = 1.Ο50
The δοrrected steam mass f1oτnl is: 4Ο0 y. 1.Ο50 = 420 kg'lh

(b) Condensate Mass F1oτρ Raιe

20 litres of condensaιe co11ected in 180 SecS.

Density of water at 39"C is 990 kglm3

Mass f1oτρ is: 0.Ο2Ο 'k 990 / (18Ο 13600 ) = 396 kglh

(c) Feed Water Mass F1οw Rate

10.0 litres of water !/ere pun.Ιped into the boiler in 1min 11 sec
Ξ' Density of water at 23.5oC is 998 kgl^t

Mass f1oτρ is: 0.Ο10 ,t 998 l tlι /36Ο0) = 506 kg/h

Ρoints for Discussion

1. \,Jhich πass f1ow rate do you consider tο be the most accurate, and why?

2. offeτ an exp1anation for the differences in the above mass f1oιε rates.

Notes:

1. The nrass f1oτv measιrred by the orifice can be foι:nd by using BS 1Ο42
The orifice diaπeter is 23.56 πrn, the pipe diameter is 31.7Ο τΙrn and
the orifice has corner taps.
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7.2 Bοiler Effi
The Bοi1er Effic

1,., =

-36-

ci enc)/

iencv is clefined as :

tΙeat transfer rate tο the steam
boiΙer Εnergy rate released by che fι:e1

S out ιn
mfu ^ LLV

,l,h^ f^^d r,rηt^t' iρmτ]ρτ,rl 1rρ-ic 21 ηoΓ fτm tah1og h.-= 98.5 kJ/kglιιE ΙΞEu waLEΙ LLιiιΡLΙ@Lglg Ιο LJ. J ν, lrνιrr LαUΙυ 
Ln

Steam temperaruΙe & pressι:re is 272oC & 1.094 Ι.{Pa ho-.-.Ξ 2990.0 kJ/kg

The I,oτ.rer Calorific Va1ue of F\rc1 0i1 is 42 }a.J/ks and its Re1ative
Density is 0.84

250 m1s of fue1 oi1 τρere used in 21 seconds therefore, the fιre1 mass f1oτρ
rate is given by:

til^ = 0.25Ο +. 0.84 / 2Ι = 0.010 kgls
S

The boiler efficiency is given by:

(396/36Ο0) ,k ( 299Ο - 98.5) 0.757 (76%)

Ο.01Ο )ζ 42 )< 703

Points for Discussion

1. }Ιow τρou1d you rate this boi1er in terms of eff iciency?

2. lihy can boi1er efficiency never be 10Ο% ?

3.ι{l.'y is the I,oτρer Ca1orific Va1ι:e (as opposed to the Higher Ca1orific
Va1ιie) used in the efficiency ca1cu1ation for this type of boi1er?

4. What design and operating parameteτs affect boi1er efficiency?

Notes:

1. The above calcu1ations assuΙτΕ a Combustιon Efficiency of 1ΟΟ%.
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7.3 Ttrrbine Isentropic Εfficiency

The εurbine isentropic efficiency is defined as:

/L Turbine shaft Dower outpuι-)-/ l T^ρnt.τnni.. nο\^7ρr avaiiable from the sεeam" tuΙD I.δEΙΙL!UP!L yνwΞl α

Τorque '\. Roεational speed
Steam mass floτρ ?r ]Sentropic enthalpy charye

The turbine SteaΙn in1et condition is 1.Ο11 }Φa & 238oC
The steam turbine exit pressure is 0.02 MPa.

Using a Mo11ier chart the Ιsentropic enthalpy change wl.rich occurs beEween
the above condiιions is 2975 - 2262 653 kJlkq'

The tοrqι:e is 26 Nm & RPM is 3Ο04

Shaft Dο\deτ nrrfnrrt- _ 1λ lι ? )kτC J,3004 l 60 8.]'79 kWνιΙα!L yνwψΙ νμLyuL - 4ν L

The Ιsentropic efficiency is then given by:

8.179 = 0.114 (11 %)
(39613600) 'k 653

Ρoints for Discussion

1. Large Steam rurbines operate at efficiencies in the range 8Ο to 90%.
τ..I}^'' .i^ l1.^ ^ΞΞ.j^.;^-^-' ^ε *his turbine so 1ow?vνιΙy l-δ Lιιc EΙΙ-Lι-ΙEιΙυJV UΙ L

2. Under virat conditions wou1d the efficiency improve? Ιs it possib1e to
operate ι:nder these conditions and if not vfiy not?

- 3. }Iow does the size of the turbine (in ιerms of its Power οutput) affect
its efficiencv?

Notes:

1. The above-calculated efficiency is for the TT{RσΙT1-E/TURBΙNE
cαrrbination. This needs tο be borne in mind vflren considering the above
points.
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7 .4 Stea:τl Cyc1e The::la1 Efficiency

Thρ Srρρm cvcle therma1 efficiency is defined as:

λ T\rrbine shaft po\,eI-9qtg*g-/''Ξ
'cvcle Heat transfer rate to the steam

From sub-SecEion 7.3, rurbine shaft power ouιput is 8.179 kW

From sub-section 7.2, heat transfer rate to the sιeam is 318 kW

T,lrο Qf orm nτzn.1 ρ ρ€f i r.i ρnr.r-z i s :ΙΙιE JLΞaiι υ-γυaL J -".

8.179 A.026 (2.6%)
318

Ρoints fοr Discussion

1. }1ow does the Turbine Isentrοpic Efficiency affect the above resu1t?

2. Draτl the cyc1e on a T-s or Mo11ier chart.

3. Hoτρ coιr1d the steam cyc1e efficiency be i:τφroved?

4. Ι,Jhat is the maxi-rπιτn therma1 efficiency of the cyc1e, (The Carnot
Efficiency)? }iow does the measured therma1 efficiency cσπpare ιvith it?

5. Exp1ain vfl.ιy the measured thermal efficiency is 1ess than the Carnot
H ttr na ann\7
!!! !9!9ι Ιν , .

Notes:

1. The feed pιτnp po\,fer has been ignored in these calcu1ations.
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Οvera11 P1ant Theττnal Efficiency

nιzρτ:l l n] anΓ th^*^] ^Ξξ: ^: ^.^'' is cjefined as:. Γ-_..- ---ΞΙιΙlda ΞΙΙΙυ!ΞΙlυ-y

a, Tlrrbine shaft Power output
c plant Energy rate released by the fuel

From sub-section 7.3, turbine shafι pοwer outμ]t is 8.179 kW

From sub-sectiοn 7.2, eneτgy rate re1eased by the fue1 is 420 kw

The overa11 p1anι thermal efficiency is:

8.Ι79 = 0.Ο19 Q.0 %)

420

Pοints for Discussion
.l Ιrlhv i c. thρ οvρτal ] n.| ant ther.^] ^cΞj ^.: -*^-- ^o 1ow?* r**..- -..--ΙΙld,1 EΙΙΙυΙEιΙ\-y δ

2. Ι,.j1rat contributes to the overa11 p1ant thermal efficiency?

3. Discuss the effect of plant size on the efficiency.

Notes:

1. Sιrict1y, the aι:xi1iary power used to drive the pιτnps, fans etc vilιich
are necessary to operate ιhe p1anι, shouid be subcracteci from the
εurbine Power outpuι. Ιn 1arge sca1e p1anι this aιxi1iary Power is
typica11y a sma11 percentage of the shafι po\ηIer produced- by . the
tuibιne, and can be 1egitimate1y neg1ected. Ιn this sma11 sca1e p1ant
subtraction of the aι:xiliary power would 1ead to a negative efficiency
wl.ιich wou1d be meaning1ess.
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1 6 |]ι'ar F,:ιr.h:nαρr Εffρetirzρnρss/.v rrLgg JJlglΙgllδνl

The Εffectiveness of a heac exchanger is defined in terms of temperatuτe:

E : Temperature rise of the f1uid with min]]Ψn theτπa1 capacicv
}4aΧiΙnΙn temperature Ιise possib1e.

Ιn the case of the condenser the cooling water is regarded aS the
miniπιτn therma1 capacitγ f1uid, therefore:

E=T7-T6
ΙSat- Ιo

\,Ιhere the heat transfer from a condensing vapour occurs at virtua11y
constant teτπperaεure the effecιiveness is a1so given by:

-ΝTU
E:1-e

NTU is the Nι.ττber of Transfer Units defined as:

NTU = Overall Heat Transfer Coefficent ?k lleat @

lτ .l. 
^U^A/------ιm^υ/' mt_n

The condenser pressure is O.O2 MPa, from tables Tsat = 60.1 oC

E=39-30.7:0.282

From the above equation : NΓU = 0.332

The heat transfer surface area is approx. 1.4 m2

U = NΙU ,t Coo1ing Water Mass F1ow ,k 4185 /A

U : O.332 ), 23000/360Ο ,. 4185 l l.4 = 6335 W/m,K

Points for discussion

1. Estimate the surface heat transfer coefficient on the τρater side.
( See Ref. 7 in Section 9)

2. Estj-rnate the Steam surface heat transfer coefficent. Ιs it 1arger than
the water side coefficient? \ιΙΙ:y?

3. Ι,J]rat effect does the presence of air have on the cοndensation process?

4. Ι,i]rat effeet does surface contamination have on the condensation
process?

Notes:

1. Since the majority of the heat transfer occurs by condensation the
saturation temperature is used in the definition for effectiveness
rather than the turbine Steam out1et teπ.ΙperaδJΙe.

                                               176



-4t-
7.1 Steadv State EnergY AnalYsis

E.nr. nnrr c.tρad\7 f 1^-.' ο.lοfam .]o€j^^J L-. . λ^''^dΞrv thρ F.irsr Law of
-*---J _1U\'ν 5yδLcΙΙΙ' ι-ΙξΙΙιl.ξιl υJ a UνψιιgaΙJ 

' 
LιΙ9 ι !ΙοL

Thermοd1τlamics app1ies in the fοrm οf ιhe Steady f1οιv energy equation
(SFEΕ). The SFΕΕ may be w.riιten:

Φ - \^i m"Δ(bu"*gZ+h)

The terms all refer to a partι",-.r,. f1uid ScreaΙn.

.Γhρ ξE'Ε'tr m:rz hρ .^.1 -;^l r_n ηnτ' nc)mnnnρηΓ nf Γhρ .1 -*μ +1^-^'.-1. .hich the-- aPΡ1Ιeu LU dιΙγ ι-\,ΙtΙ],JUιΙΞιrL Ul LιΙΞ PadιlL lr1!νuδrΙ w

τ^τnrlr.,i nα f.] τlir] (qr^^- /.'^rnτ \ nηrοeq. The examο1e 1.^1^-- ^**1 .:^^ r1^.g SFEΕ ιo
' -teaΠl/ waLeΙ i pdSScο . ΙιΙL LΛαιιΙ/a9 ιJE:l υ\ν dPΡ1 ΙEδ LΙl

the tuibιne by cαnparing the sιτn of the terms on each side of the
equation.

ΤΗS: Althouρh the turbine iS urrinsu1ated the heat 1oss fτom iι is very
SΙna11 i.e.Q:0 kW

Frαn sub-Section 7.2, \fl = 8.Ι79 k\^]

Therefore Ι-}1S = -BΙ79 1ΛΙ

RΙIS: Steam velocity into and out of the turbine is given by :

ri^i Steam densiιy '. F1ow Area
δ

For turbine entrv v. : (3.961360Ο)/(4.55'..Ο.85,'.10_3) = 28 m/s
Fοτ turbine exit vιn : |€96136Ο0)/(0.2 )k 5.Ο,.110-3) :11O m/s

out
Tιrrbine exiι and entry are virtually at the same leve1 therefore:

"Ln = zo\7t

From tables/chart hi., 2915 kJ lkg

h, -= 2762 kJ/kgout

Therefore R}1S 39613600(( } ,t 1102 - λ ), 28') +

(276T,!03 - 2915*1Ο3))

- l_7,451 W

Points for Discussion

1. The Sφcific Kinetic and Potential Energy changes are often ignored
vf,ren the SFEE is applied to devices like turbines. l,ihy?

2. For ιirat device inside a steam rurbine is the Specific Kinetic Energy
^1^..-^ ;-^^-l-3η1?υι1αι ι6Ξ !ΙlyνΙ ι

3. I,Jhy would you not normaΙly exμcι t() get ιhe SFEE to exactly balance?
What happens to the '1ost' energy?

Notes

1. The pipe diameters used tο ca1cu1ate the f1ovl areas for the Sceam
intο and out οf the turbine are : Τn1et 33 πr.n dia.

EXit 8Ο πτn dia.
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Ιnsu1ation inner surface temperatuΙe : 270"C

Insu1aιiοn outeτ surface tempeΙatrure = 28oC

Insu1ation size: 5Ο πτn Ι.D. ; 120 πτn 0.D.
Therma1 conductiviw ( λ )

7.8 Effectiveness of Insu1atiοn

through a cylindrical,

λ +. 61

conductor is given

/ E'i}'rοα1 nce )
\l lvl9Θ:gνν /

= 0.040 }J/πK

The
lrrz.

1n i r"\
\Ξ/

2 ), τ( ,k Ο.040 J, (270-28)
ffi

ι .tr /
\LJι

- ra I= by. ) νν/m

The external surface

t
Υ

}1ιΙ

heat transfer

=Ι1,\ι\^U,.

coefficient
/T-T \\ to toaU

may be foιrnd frαn:

than your calcul"ated heat loss

types and sizes of insulation

-T,)-αru

69.5ffi;
= 16.8 W/m2K

Ρoints for discussion:

1. Tf the same surface heat transfer coefficient as folrnd above- applies
to the exposed pipe (i.e. ιrninsu1ated), estimate the heat 1oss per
rrnit 1enρth frcrn iι.

2. }Ιoτυ rπrch 1arger is yoι.ιr ans\^ier frcrn '1'
rate using the measured temperatures?

3. Coπτpare the effectiveness of each of the
supp1 ιed.
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STΕλΝ1 Ρ1ΑΙ\ΙΤ L,α; SL]EΕT ΝAΙ€: Μ Λ 3ει.υ DATΕ: |Θ ' 2,97

BARΟι'1ΕTir.ΙC Ρι1ΕSSιΙRΙ ι l ooO mbar AMBΙΕNΤ TE}PΕRΑTι]RΙ: /7 .c

\ RUΝ

STATΙoN

1 2 3

Tomn
(oc)

Ρress.
(bar )

lglΙιP.
(oc)

Ρress.
(bar )

Tοmn
("c)

Ρress
(bar )

1 Saturated Steam 1-1/ -2ι lb.J q?q

2 Suφrheaιed Sιeam 212 2.e+
3 T\:rbine Ιn1et 238 Θ ιιJ'rl

4 Tι:rbine Ε,xhaust l+t-j -0.141
5 Condensate ζΖ'6 -0. 8a I
6 Cοο1ins water in1et 30'1 t'zz
1 ι1^^1 .,i.^ . '.l^v av j f
/ ι,(JυΙΙΙιt νγdLEl- EΛΙL 3?. o

8 Fuel t+9
9 Feed water 23' 5
1Ο FΙue gas 2ζo
1.1 τ.--.i*^ ^t^rΦ {|-ιΙ l-,dBlΙΙιδ δι-Ξ4rι 1-f 

^

1η τ ^^--..- ^.'*ε^^^ lΙιL ιjΔBbLLLb διΙ!Ιdυg ,f 26

tsz
Σ
.ν
Ξ
U)

r
Σ
Ξ
a1
,J

Stearn: (kg/h) 4oo
Cοndensate: Litres

Tiπe ( sec)

o 2o
3ρλ

Feed Water: Litres

Ti:τe(min)

o /o

l miι ||s

/ a /r \1Ιng ιΛJatrerιm-/n/ 23
Fιre1: Μi11i1itres

Ti:ne ( sec )

o 2ζο
2ι

z
Γr''
;Ξ
11

RΡM

Torqιre (Nm)

Fie1d Arφs/Vo1ιs

Armaεure Amps/Vo1ts

300 +
z6

ΝOTES:

,l Cοndensate quantity /ζ2 1 ; Εlapsed ι1π.e 3* μi,ν
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SECTΙON 8

ι,ΟG S}ΙEET and SYSTΠ4 DΙAα.ΑΙ{

The 1og sheet and system diagram on the fο11οwing pages may be copied and
used for recording and ιeaching purposes.
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STΕΑ}4 ΡΙΑNΙ 1,0G SιlΕT NΑ}fi: DATE:

BΑR.Oι'ETR.ΙC PRESSURΞ: mbar ΑMB1ENΤ TIΦIRΑTURE:

\
\ RιΝ\_

STATΤΟN

1 2 3

Tomn
(oc)

Press.
(bar )

Tοmn
(oc)

Press.
(bar )

Tρτrm

( oc)
Ρress
(bar )

1 Satr:raιed Steam

2 Superheated Steam

3 T\.rrbine Ιn1et

4 Turbine Exleaust

ξ. //r^*l ^. ^ ^ 
i^J UιJE ΙιrΞΙ Ιδ a LΞ

6 Coolins water inlet

7 Coolins water exit

8 Fuel

9 Feed water

1Ο F1r:e gas

11 Lagging steam 1l

1) Ι qooiτ.lσ ql ιτf zaρ ιι

ε-rz
Σ
rν'

cΛ

Σ
Ξ
,l
tΞ

Steam: (kglh)

Condensate: Litres

Time(sec)

Feed Waιer: Litres

Tiπie(min)

3οo1ing Water(m3/h)

Fι:e1: Mi11ilitres

Time ( sec )

z
m
Γr''

Ξ

RPM

Tοrqι:e (}im)

F'-i ρl r] Amns i Vο1ts

λrmature Αmps/Vo1ts

MTES:

/l Condensate quantity Εlapsed tiπle
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Condensqtc Vssscl

Τu r bine
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Wοter

Condensotc
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Air-
Fuel

Mοkc
Wοter

up from
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Feed Pυmp
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Orif ice
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Feed Tοnk

ι
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SECTΙOΝ 9

BΙBLΙOαΑΡHY

Author( s )
/n11.1ΙιtΙe / ruD-ιlsner

1 Bacon, D.H. Thermodμramics for Technicians
Stephens, R.C. (Butterworths, 1982)

2 Eastop, T.D. Applied Thermodynamics for Engineering
McConkey, A. Techno1ogists,3rd editiοn (l,ongman, 1978)

3 Rogers, G.F.C. Εngineering Thermodynamics Work and Ηeat
Mayhew, Y.R. Transfer,3rd edition (Longman, 1980)

4 Gοodger, Ε.M. Ρrincip1es of Εngineering Thermod1πιamics
2nd edition (MacMi11an, 1984)

5 Gooda11, P.M. (Ed. ) The Efficient Use of Steam
(ΙPC Science & Technology Press, 198Ο)

6 BS 1042 F1ow MeasureπΙent
(British Sιandards ]nstitute)

7 Sjποnson, J.R. Εngineering }1eat Transfer
(MacMi11an, 1980)

NB A11 of the above references use SΙ uniιs. Many o1der references on
Steam use Ιmperia1 ιmits. Special care is required viren converting
from Ιmperia1 tο S1 ιrnits.
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? ΣToΙΧEΙA ToY ΔΙKTYOY

ΣΩΛHNEΣ

3.,1 .,1 . Διαoταoειe oωληνων
Eφ'εξτie στLe εγ}ιαταoτciοειe ατμoδ πρdπεt να χρησLμoπoιoδνταL μOνo

τυπoπo ιημdνoι oωλτiνεG.
Στην σημερινrj τυποπo[ηoη (ΙSo) χαραχτηρiζoνται απd την εξωτεριxτi

διαμετρo }ιαL τo παχoE τoυ τoιχωματoe.
Γιd, xα,9ε διciμετρo αντLστοιxεi dνα xανoνιxd παxoe . Για την σilν-

δεoη των oωληνων, εξαoτnudτων, oργανων χαι λoιπων στotχεiωντων οω-
ληνωoεων 61ουν τυπoπoιη'9εd oνoμαoτιxdg διαμετρoι, πoυ αυμβoλiζον-
ταL με τα γραμματα DN. aυτde oι διαμετρoL αντιoτoιxoδν περiτιου ττροg

την εσωτεριιτj δι&μετρo τoυ oωληνα, χωριe να απoτελo'jν oμωG απ6λυτo
udτοο.

Στον πiναια 3.1. δiδoνται 6λα τα oxετιxα oτoιxε(α. Στoν πiναxα
3.2. δiδεται χαL o συσχEτιoμ69 πρoE την αγΥλooαΞωνιxη τυπoπojηoη.

ΠΙNΑKAΣ 3.1 trξωτεριxη διαμετρot, χανoνιxα παxη χαL χατασχευα-
ζδμενα λoιπα τυπoπoιημ6να παxη oωληνων

DN
Eξωτερι.lde
διdμετι:oι

Σωλτiνεe xωρie ραφη
Kανoνιι6 1,Αλλα παχη mm

Ι

παxoE mm | απ6 1 6ωe

Σωλiνεe με ραφl]
Kανoνιxo 1 

,Αλλα ταγη mm
!,Iτταχoe mm ! απo I εαlg

10
12)

tf

-1 ? ξ**

1C *

1-7 )**

2A*
)1 '1 **

25*
)6 q**

30

11 R*

1? 7**

38 *

42,4*x

1,6 I '' ,u I ',u'1 ,B I ',u 1 ,,u
'1 ,B | 1,8 I 4

1,8 1 ',', ,',I n,',

' l' ls, 
|, Ι 

5

t 1 , | 6,3
2,3 1r,. 1 ',,2,6 l r,ul ,
2,6 

ι 
2,6 

| 
B

2,6 1r,U I U,'
2,6 | 2,6 I 10

2,6 | 2,6 | 11

1,6 Ι .,n | '1,B Ι ',n | '1,8 I ,,n 1 ''1,8 
| t,n | ,,0

t 1 1,4 | t,n
, t 1,4 | n,t
, 1 1,4 | n..
, 1 1,4 I .
2 | 1,4 I u

' | 1,4 I '., 1 1,4 | o

2,3 | ,,n I u

2,3 | 1,4 i 5

20

25

32

,ωδεq)

                                               184



.H
OeΝ

za ONOLNOTOOOOC)
LnΓ-OΝιn.t.Oιnc)ιnc)
c!ΝmmmΦr$$ιnLη\.ο

c
..1 Φ rωσ

zο

-
-"1

ο OnOωΝOOOωOΘ
--ΝΝ.ηsnφιοcοσ\

,-l

zο c\]Φ l

---ΝΝΦsnΦcο

Ι

o
tr

(,

d

ω
o

3

o

o
α
P
ω).d
Φ
σι,ωω
.ωP

oω
o

tsx

c!

m

,,n

E

ΞoUU8σbιο.:ω>ωJ.dFH.J.g.-ιοd
cLtrA*OJF

Fρ
JF a

ψA-L.d.Ξ
Ξ.H J o LΙ' J |-,

nriσEJ>αF:ΞμdΞ.o?Pι,ou,οξΧ.d>ω
ΞσP{.σJJ.orJ.frd
o.Ξ lΞ >- 2 2E>-σ.:Uι,-ωooF,ι,ωΞp:lΡ2x.
ΞJΞo^αα

ωJ|,o.ω.ωt. o ΞJ aoω α a< d d tr^.ο|,d<JJΞd
ο.ωJ.oΦΦP-.dΞooΞ.
doδ>ωdω2|-,x o J ω ρ o 2 o 3.dσ 9Φ o o .ω o o
2 d .d Ξ.d x J

(,.d.dαcααω
Eι,.ωαJoJo.dooΞo>9o9tr
2Χ-9dEdΞLΙj^.*^*.-Γμ/-bι-|J-u)oωo 3 J ω o P ΞΦ ΞΞι,υ.]]oι-,Ξoο
2ωΞμbd.-ιJ]Ξrb
:rδJ.:.dodω.-ooxoα<ωJPoE
a,,\αb.-hPΛ
doJFbμdo)
aQi-oωdαlΣl-.οδaduι,o
σ ω U] l.t-l] .: J Ξ>aoodωα|-,od.d.ω .Ξ d > 3 xJμΦ|-.ωdx.d
ΙEΦ Ξ d9 J ΞαΞ.ΕΞσ.Ξcασ>J..xP..ι,<Uδ
Ξι - δ .d o.d.o.d.) μ

'n| oolJ,αdoαo-dα|ωdω:LΙ.ΙJJJtrPH| PE.-ωωωdωooΗ| 3cΙ',n,.i>,.]tJΣ| u-, o d b 2iE| ωr,iΙ OΞl |ισλ]>Oμd2.ΞΞc\l δ < ω oι,.ΦΞ.oΦΞ

ιn ιn ιο ιn ιn ιn
c\Ι Ν c! .! c! c{

ιn ιn ιn ιn ιο ιn
$<t$r$<s.rf

t^

σ x.ιJ
P-

u
o< E? 2rlx<
ι,-
ω

.Ξ.o E

17υ|]
2lrl .rl

|ι||ι|
lltltl
ιlIlΙ|

I

Ι

I

Ι

I

I

!

lι|lIl
ΙΙ||l||ι||||

U,..ωΞxΧ
λl-

b'o
ιFn J

*

r .ιΙ cr) <$ rs \o
Γ-\ο-φFΞ

Γ-Γ-cocοOO

*
*

z

ΕEct
3

δxo-d 
-ωd.oΞ< ξ

ω-

3r

>xσ.σ
cη cη .η cη cη .η \ο ιo \ο σ\ σ\ σ cl c\: \ο \.ο ω Lο ιn Θ ιο α-] cη rη Θ Φ -
c! c{ αt c{ c{ c{ Ν c\ι c\: Ν Γ{ c{ c1 .η cη Θ s rΦ $ d <$ < ιn ω ιn ιn Φ \.o \ο φ Φ Γ-

.g Q1αc
ι,x.ω

ι,
α<tra2rlx<
Uω-

3rrn>aoo>xd-d
9 \o \ο Θ σ1 r r σ\ c\: c{ ιo ιο Φ ιn Ln m s σ - Θ - co ιn n Ν

δ] c\ι c.l c'l c.] Ν c\: .{ οη cη .η Φ Θ { <tr d $ $ s ιn ιο ω φ Φ Γ- cο Φ O - Ν Ν <

υ.ωΧxΧ
At-

i********************************+***++
ιncηΘιnrιnσΦΦΓ\$(ηcοΓ*-ωσφs
.rf οo - Γ- Φ cη Θ \o .j CΟ r co s ι- rη σ\ c.l δ cο Γ- .η σ $ o1 ο Φ Φ Γ- cο σ O O
<f $ ιn Ln Θ \ο Γ. Γ-.cο cο ο O - c{ m cη ιn ιn ιo Γ- r - s r\ Ν ω ο ιn O ω r φ

--_ΝΝΝs<ntrφ(

ο
; |οi δ lδ]δ|δiο|ο|:|ο|=r IOIr IO1'Λlc)ι|n]O nlO|r
= |αi Ν |Φ la lvl$lnlf]ιoIrιο

O n OOn

α1

d
Ξ
d

d
ωx
)

                                               185


