c‘
INATER. CONVEYPBNCE SYSTEM

PEN ;

STOCKS — These ane the PiPes Huat Supply water from “thie heael: Foiqel
The ooy Or the Forebausg to the Huspbivies. These are Pressyre Conduit-
And tcs'?"’. P7inclple Jor Pengtocks ase the Sqme as for pressyve Vessels
7 h:nks- e Waker hamyewr Which are l‘!KeJ:j to  occur Avddenty

Sovsat ?’DVQ"L‘V\E‘J Contrrol  And “urbine  gaxe opevation, have to b€
i Ced Whle cbgigniwa,.

e gee«h e distance Yuw e Ferebay and the powerhouse is shovt,

fasnate pPenstock 1s prefesasned Jov each turbime, Ovile o

Modey

4 te heds qud Iona distance,, a Se{m%qc Penistock 1S Uused
P rted two °Y more tysbives thyoug,, o Special  bifuy cajes!
Ipe- ' :

C‘qssi'ﬁCQﬁO‘qu

Classified 0w He basic of —

q - \
D) Matesiay °f Rbrcation — yayious matesial employed are
Stees, RCc, PC, wood Stavesg barded Steel and cast steel.

= - :
Cholce of wmatesdals depend  Upon Hie funcHons Hat Penstocks
have to  geyve.
Joints — By Welding 2 Riveting-

b) Mcthod of Support — ACCovdimj tt s wWe Cam  distmguish PIpes ~

1D Buried or Embedded Pipes — Penstock ey be elther bu»ied or
embesded under the Juouncd OF exposed Above

‘e Fouvel durface and  sSupperted ow Plers. These PpPlpes e
/SuP‘,OYt@g\ o7 -He 50‘\] im =% “{:Y&vpch a% a cepHr of - 1S and
atter placevment , the trewch (S backilled. -

1) Exposed Pipes — cownstructed Above *he Found Surface and

Aupported by Ppievs. They ane ease in  inspection jor

{aults amd  meaednterawce. Theiv Stability enswed  wit, anchorages.

W) Partly Buzled System— imtevmediate blw the buwsiied @nd expesed

sgstem.

<) R“'a;‘d;fﬂ of conwiections and SuPF";n’ned;on>

1 Rf.a,'ol P‘pes ¢ Withoudt any \ ki 08
1) S emi— R\j\d Pipes Wit expansion
'lﬁ) F\eﬁ(ib\c or loosely-— Cou P‘Od Pipas (,eXPC’TY)S‘OV) JD;YH'S)

Des.\sy’ cx'\tewri Q—

| For NOn— embedded PenStocks— Accordivg to American Seciety of
1 A

Mechanical Endgineers ¢ PSME) Code a  Penstoeik may be

das;jﬂcd GUnder  ~Hie -[ol\oua‘m& CDV,Q\:HO;«,S_.
N Novymal conditions— This includes Hie max. stahic head ~+ Presuse
: gise <we o noymall operadion. The recoring—

eided " Eosiiisllig,07 based on Speci fied  ™Min. UlEmate

Tensle Xbengih.

i g v 1 RE | . ooy
i) Lnte,ym\t‘teﬂf covditims— This Includes Condutions ci,umn:‘j {-\\hn& and
dsxw'.vi\ﬂg +he penstock  Under norwal operation: Fog s

2‘25:
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m) Eme;rjcncg Condition — This include ‘e Gover novr CuShiD'ﬂ-‘fﬂj
3twoke to Le Inoperotive and pPart ‘gate
closyre in 2tla &ecowds ot +he wax. rade , wWhere L s
Y \ )
e Condit length in m, Qrd (23 1S Pressuat Lave \/eﬁocnhj 1™
W|s. rveécommended FS  is 15
. \ a N L) & . ‘ o
W) Exceptional Conditions— TThis include maldmchoning of comntsol i
equipment in the most adverse Manner Awd Ahatl Mo
be Used o3 the loasis of design. Precawtions must be ey
10 wminimize the Prvbibilily of Dccurrence and effecks of the exceptionsd
conditions.

2.fox Embedded Penstocks— ‘
The allowable desiqn &treses ane cCatculaded defending  Upow ‘i:he,
and tensile &hesses ot the corresfonding
e uleimate tensie strevgth of The
only weed penstocik sSteel ; Hhe FOS

Mw. Yied stresces
Stects. FDS [ based on
Penstocks sSteels. For comwm
s taken {6 be 2.0.
% Fory Intesnal pressure , the . pla¥e  thickness
using design head 4or  normal conditions,

is Ccm@gd‘&d

The _cleel ljmesr IS desigmed o resist a 721228 pressusre of
5:25 Kgfem? itk a vashal g9p.

—> Pllowdalle stress = 0-5 o 0-65 <imes the Yielol Point,

Nail 'Thickncss of the Penstock-—

Ao PR 4+ 0-15
Sm— (668
W here

+= thickress [n Cm
p= fpressure in Kjf[em™
@= imterval yadius j»wcm
S = design Kivess (v Kg|em™
) = joint efficiemcy Factor

L]
015 cm 18 oadded Ay olMewance for covvogion.

Numlc,er of Penstocks— A hyds0 —power E&cheme has He
following ttevnathve cChoices =f Number of Penstocks —
1) To provide @ s'w)jle Pevistock  Jorv the complete pPouwderhouse.

) To provide as many fPenstocks as  the Number: of Tusbines.
i) To provide mubiple penstocks butr €ach penstocks sSupplying

: at least +w0 turbines. |
e Concilexahon thich (ead to the cahoice &f Number <t

: Pcas’roCKs asne—
41y EConomy W) operatonal fate guand

B TvqnsFoy-t-\}:'on Faciities.
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SCevpmical Dameter of Penstock —

=> large ) g : -
¥ the digmeter for a Pver digsharge , amalley Will be +he
ﬂ:\e‘\d logees and %—reOJ‘cv Wl be the neY head Q&valilable to
e 3 . Y M
turd) "8, Yy eswdt 3. 1. Qreadeyr powey  Gene yatior.
To

< N ; ) katl

P “%096 AN OPtimum  gize Which gesutt= n  maximum €Covomy -
2

S\zZe Hiat weuld %.\ve us least qrmual’ cost-

Two
PePedar Jovmuiqe have been

EComomican D)’quj‘ey peroposed by USBR awd G Savrkaria for

are as  Holows —
a) vspr Bl

Wheye V= opﬁmum Vdoc;tff in "Y)]S

M= wax. Working head in M.

applies o the midedle Yanje ot heads.
£) Savrkama Formula -~ ; ,

PO-35

D= Oe62
HO‘és

Wwhe \ )
8 D= Penstoexk dia. i "
P= Poweyr transmittesl bythe Pipe in hp
H= max. mer head o +he end of Penstock o n
e xpvession—

total amual Cost, @hich e madhematicad tractable and g

O o\iﬁo:,e,nﬁcd‘;"'a and 6¢1ucd’\'v\é 1t =zesno
CDYY&SPOV‘G\"V\} 1o the optimum olUameter.

dielol a conditionm

Lex C, be the amueal cost of the €nexgy Sost ™ Y2iction.
<5

¢ LA Coyre&ponclma—,-to anyg  given dra -'D.
The ‘oPtimgm Condition them is

d (Ci+ 2D
S e
aD
1t c,f—f .5 D™ and Coq, = K,zbh

=0

{ Drere KK, and Ky asie cowmstants)

‘hen g (e DY % kD7 )=0
AD i
2y o3
o D Ak BT =0
I<im L D”" =¥
e Smndks =" =D

: \

= K;Lh ;
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Since +he sign oF ™M s alays —ve, the expyresgion
r D Wil be a +ve Value.

Te Values of k, Ky, M- and M Can be oetes vniveof
caglly tor any project, hous gielding e desiveal valie
of the diamecter D,

The most ecoriomical cuametrer D, o7 /&\ibé‘HM“'ﬂj +he Values
e.F ™ and M works out to:

)
Wos S, _'&)/7

2 Ry

ANCHOR BLOCKS — T lese aAse YY]CLSS;VG Cowvcyrete btlocks
encasing -the eenstock Pipe at aome Imtervals (v ovder

1o anchor dpun the Pplpe to Hie Goouna Lecunely. Such
blockS axme NecesSSaTy at oll hori zontad and Verh cal bends
ot the PpPiPes. Besides {he bends , anchor blocks omg CLLSZDYWS'Z%‘
1ly p#ovicled on Atyadgick reaches, ot intervals 2§ | o‘)’;‘;—ocg‘sl
These blocks hetp in Preventing <lisplacgment of twe R ;
Aue o Ateady o transient forces, Including C‘)<PQ>?S"0’° oy Contraction
forces amd tdader hammer Ppressures. They paoVvicle the necessaxy
degree of Atabllity o the pipe asxem bly by tranawmittesl tHahe
penstock loadl to the Found- ‘

These asnie MY eoncose —he PiPG C,@mr?[ei'% o7 POJ'L:HCL_Q%
Upte the mialdle of (. However Complete Coverage le better

Biocl<s
by Ppaxtiall encdsed-

Method of Dbesign— _
a) Frevch Metaod — In this, Hhe pipe blw +he aAnchors IS treate
: as o A&tructusal member and e amnchor blotks
asie tveatesl as the Fixed —end abutments.
L o) .SMDiSS mMeHiod — ,L'n this YYICJHWOO“) +the Pens{:ock P’Pé‘/ fg‘ "Y)O't b
g . treated as a Atructundd membey tramsmitting (ads
Lo, the beam oY Rreh AcHon . Rl 12 [oqdS &> the Pnchor
. ane omly those olivectly Coming on —+he PP
=% Move popular  Mebhed | involving . gvesder cost.

. Qllow use of  Flexible Jents.


http://studentsuvidha.com/
http://studentsuvidha.com/

Stavility Conclitions —
™e wadc Atability concifons of an Ancher plocks ane—

a)  There mug.t not b& anmy Slic\‘ﬂa. at qny SecHo», over%uynivv
O¥ ~otathon | ANy termsion In any part ot the concyekte
aveh  any Srushing or fulyye dye to compressjon in The
block.
ﬁTCc b . \ .
i s Aclivg at “He  points of IntevsecHom of the <centradl
e >|
) o M PIFe Uls and dis of the the Amchor blocks Ase
Teéwlved  into hprjzormtad Al Vervteal Components . '
ZH = =uywm total toveces tvi horizontal olrecHo» .
== 2 Vertical 1
' Covdjtio - ‘
: o s of Des‘;n Stbility— The oliffesent condi tHons Ljndey
Which  the 2tauility of the <nchor block IS
Checked as«e o, ﬁ'O”OLI)‘
A , . .
1D Pipe tlowing at olesn';]m Uscharge in  expanding and
e Contractng condition.
") Plee Howimg — Tramsient loads Buch as Aue water hammer.
WY Pipe empty — both Sor expancling awmd Centracti=ng
conditions.
—> PAnchor PBlocks for oUHerent bends CCo-nvex_, Cofncqt/e) .
have diffexent AMmensions due o Aiffexent Wm&?‘n%wdes f
resultant AHorce, and  bhende need gepascte MPralysis.

Foyces on Anchox Blocks — _
o\t adong +He axis i

pu the {—orce,s aye assumed e
the pireline: When 4here 18 @ bend, the Qg XIS 1n<
denotes e divechHon of forces frans
end of the A
dhe <Mvechion of

ajde ofF the anchor-
civectes +po@ards the Anch

mittedl $ryomm apstream

rehor and —he donstream axis lime Aenotes
torces tramsmittesl from oo s treans

oY Awre xve and Vice-versa-
Forces

27
V]S € Xpangjor,
Joint

Anclhoy
Blocks b).s - \ﬁb
EXpansion % &
Toints \ %o
v 72

Main fForce ow

ANCHOR @Lock
S e Sesinds o by
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lengHs from Centre of anchor to gpetrean,

Lu =
LA = 2 y9 y) downstreqm
Wu, Welz  dead  welghts
1 ' ' . ] %)
CuF, CaF = FricHon of the expawsion goints on s
And Alg &ldes of te ancho>.

P = Pressure at iy | point
of the exposed ewnd of the pipe ot the

'F)U) PdA = Area
D)s of thc pwichor

Expawmsion joint, v)s and
hdpoeratic tovces of the anchow.

\Dﬁlu, PPla =
Plu, Pia = Inside aseas of pipes at bjs and bls
VALVES — T may be mnecessary im Pressurc comduits to
) Regutate e Fiow

D Com peletely Stop e Flot
= SHegy dissipation Gypder Special Clycum stances.

Fenstecks apd in _sCouyimj Sluwices,

Valves may be  tced |
Valves  car be  placed i
D At tae beg.ir)niv)xi of a long pPenstock

) pr the ' fore e Perstock

end of Penstock just be

Joints +ve scyoll Cqs\ncqy ot the Turbime-

TYpes of wives—
a) Regulating Valves—
©) OPen — Shut vaives—

/\leeoHeJ Tube amel Hollow Jet Valves

Gate Valves(wedge Gate, Ring follower Gare)
* Fishtay), Bultew fly | Sphnerical valve s

) E”e"a& Diss| pators — Howel) - Bunger valves amd Diepersers.

WRATER HRMMER— p date, or \alve , bt tHie end of Hie penshxck
PPe  contmnol e oh'schcw?e, of Hie turbime. pa foom as
Hiis Foverner — vejuladedd  Opening is altescd | Jhe plpe How hag to

be ettered odjusteol Ho e  newd Mqaniﬁde of -Hews. I, do;h} 20,
Theére ose tapid  pyessusre oscillations |n the pipe | oftcr accompa-—

mied by harmmening  dke Round. Tmig Phenomenon is cotted

Woter Hammer.

R;g.\cl Wede  coluwmy, Theovy— In Hhic 4o COMPYc:gs;'iQ;ll't—-j Eifcets
°of Wader oo Megtecteo) .

Elaste  wokevy  coluvm, Th>y — e  elaspie effcet oase taken
into  account.
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Ml Waker colywmn Theory — i

Cbh&‘dt‘.‘“/'+he_ stmple care ofF a un;fovm CLI‘QMQICY P'PE and Icij”o{'
L‘,th:m& o fyorm a ~YyerenVvoir Wheve ;51qj1‘<: heaol IS ho . 1F WC icglect

‘e lhead t0Sses in +he p'ape,ﬂnc veloeity of Flow Vo IS FHven by

Vo = [33we

and Qo = F\,Q}ho
e

Wheve A 1S the —y— secHonal AYea oL Fhel F
Qw‘\aﬂ/ /T E\Aj
-\:IC; “Rydy u‘eV\t—\L
! - [#% =X T

—v\c\\“~ m\,T Swing ot p—bd.al.‘}@.uilc‘
\‘.,JL e %ﬂtg_ol.‘le,)’[t
L 1 :

3
—‘T"—“X”‘\}uvc

ke———— LA

!
! q:”C’Y " I Pe

end 1= clos ek, e w ‘ n Yhe P

+he Valve ak ‘He :

Now S | i
y . < . Ths
= \de Hhe PIPE Hor ad
the PressSurye NS T a POS;

vetosd s incycasm? .
‘ A +

Yol \r\.\a,d.s‘_aubc T«QgLLEY\
R Pressuye ot tHre tre€

Pyae,s\.me suo‘m the E . o0
. y ) . Since th \
shewon  im Figuare; by dottea hne conatant , the tve SWINg

\ | \ A hence
sCcSesvolYy Aurface Is odmosgpueric ENIE ¢ . S
vesuts in 4he backfiows fyom the pipe inte o Ye{ft?:lo'«/ocﬁjum
Water Alows back [nte +he e exvorY ,iut cvcc:‘cse Psqw;nﬁs iy 5
. n the p
inslde +he plpe and ~the pressure ‘ e
— Ve d‘Vcch‘o\n. ™Hms tndueces Hae yeyenolvy W0
Bud Hhe valve 'oe,;na pasctiadiy clogedl , much oF
~etamndeel ﬁvina yise do A +ve SWing of
Thus a Valve Cclo&ure ‘bzr'mgfs aboutr PY¥esiuse
hemmer head huw OVEY
help ot NeWwtow's

into the PpiPe-
$his Water 1S again
pressusme onNce ofAUn -

og,d\\mHOﬂS- The.  m™Max. Md;ﬁomai weder
Loovked eutr With Hhe

Can be
Hie Volyme of wWater 1M Hoe Pipe g

oymad Wead hg
Law . C'ons‘\c\esn'ma

Secovd
yetasited , e can  Wrbe!
—_ whit 4gv
F= bwhP= ol i

Heve , Pz Water hamme pressure = W by

AV
hw = = [a’%x

. i at anyg Instant RS
he Vveloeity past e Guie

GV = ‘ ay (hothw)

tal time of closuwe of
' unform  gote
osure , ASRUMING
C-OYY]P[e)’C .C\ %é A g ar e head hpm

Aol +at
Wave s ik (k) K
' ho 2 1

Where K, = ( LVo 59‘
the T

ey TS E
fhe gates , FheEn
move ment , 1T €arn &<

T4 T e the to
is given by
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Fov Swaelt Vatue e} K,

h\lﬁm P K
= 1 +
hc &~ = k'
Limitations ~

c{{ect Auc +o . SRudden PY€SSU’r€ change.
'y Hhe AQbove derivahion.

simple conclusts-

1y It \l%nc'rcs Hhe c/lc:\gﬁc
M)  FrictHonsd  cffects weve igroved
) The dex vadion 18 essentially o~

Elastic Water Column Theo¥y—

The Watrey hammey presswre ase uszg.ﬂl‘aL h‘l'gth enoUgn and +Hhe
water ame mo more he:gJ\'}n'Mc: . B a matey
ped ot ‘the <gaxe Aue +o tie crosust
e of wests Ahle ot
atev

clastic\ty etfects ot the
of 4act , the Pressunc develo
b'r'\nﬁs He water mass next *° it to
e Lame Hme , the high Presswe tends +o

"MAass and +ends 40 extewnd Hhe P; pe ie

as "Hhe Vvalve Closu¥e RS gomP\etQ‘c\ belore )

at the gade end , i\t IS Poss»bve-&? imagine
t' NG IS Thus

o Atad
COMPYeés Hhe W

Foy Suaden clesuIT s,
Wave 2tiurmns

wvefected ’
a -otal aonsey vation ot everpy ofF Hae  poaker N o Iy
el e B BT pe presumed 1O be convertes

pagesd On HiS

energyy pf Waker and atyaln eviengy of the pipe -
a~r  expressiomn Aor watey hammey pressurt

qestmphon , we can  =levive
as  follow:
Given Hnat
pPipe Dia = D
Pire  walL Huleknesgs = £
Pipe. Length =z |
Pipe  elaficiyy mpdpbud = €
Rk  mpdalduy  of Wajer = K
Tyitial Steady Veloeity = Vo
Mass density of Wader = ‘A/}':P
wactey ammer PYessure = bl
Max. excess head due 10 wWater hamwmer = Mw,
Hoop stves<s in the Ppipe Wall,f= -P\I\)D
EXS

Volume Q’— Watey = np2
=]

L

Volume o Pipe wall Undcr. &rresg = TIDEL

Total KE be !
, fove Closuse = s E. of Wadcy qHer Closure + <E- Of Pipe

Thus (mz W Vo2 A
s Lt R Rl Ol —coa = L RS B £2 ‘
: £ Ja— —ZK ( e L-) 5 ?E— C"n.th)

S On  Ausstitudiv ' : |
i ‘ J the Valye “of f gnd r&\mpiif\&iwa,,me get 1
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T+ wWwe dJdewots Vi 5 ?
O A BRI
Kn K +e
%CY‘\ ")UOWB - \/ov¢
'

Ve =  compres

headd Aevelop. The syaten
And 1S

s u.%ug.ua duwe

Aometimes IOV\% pPowey
house . In such cases e
ot e Hirbine produces o watev

moves

Casevued Husough, a long tai
' whiclk, moves

5‘47'3435 1 < hannels
p}?eg-. suraes can be
the clepth of weler ater

+ve O

How While the

ia the sSame ivection
o
& |
Yo i_:

77J$-rﬂ7’ﬁ_f”""”””

poder canal (+ve)

s a)

A tve suvge vreaulis frow
tuvbine gate closuve , a -ve
Q"“’a& yesult f£yom InCreacse
In  tuwibing gate openfwg,

™ danger ot damege ; due to
case

osci)atons. P@t‘\oo\?c cexcltaedtons tn .
to the Yhgthmic CIOSMJ and

penstock  Valve at e dis  end of He Pipe

SURGES IN PolWER CHANNELS— Tn hydyo —pody
Ccanals Q@se Used 1

Sudden yca,ulq_’n‘ov) o ‘ il
wave o7 Surje Bdhich
'FTOW “he POLDCVI’\G\-{Q@

als. Similasly, if tac ;
/ \vyace <anal, the tuybin 4
1yy +he dls olivectom:

Later

ey pasct of UQ‘Od’C'Y
~ve depending upon ohedher
1
Lu~ges IS ~veater oy les :
! %tD\'\(C") y™Move n=t Fhe
Wohich wmoves

produces o Aurge
ase the count

S
noymal: DI es produls  Ausge
e e ot Inlet prodtuces a  AUrge
asg ‘e HHo®:.

A
siov)  wave veloaity - ;

. Yo<
RC_SOY\C\V\CC 1 Penstocks — If .H?e Pen‘;xc‘ﬂ: How -
< odiC i e
aubjectes to & pesdess ;i the Pressuy
Perriods  of  the ARtEM , severe DSC‘“&%{O\- to be In aesonaANCe
s Hhen . =

of penstolh< pre\s
opc’,n‘m% of tThe

comveyavice SYystems,
'{-eecl +he Power—
clischarge

162

e Vc?ulqﬁ'oﬂ
Such

!

1
nammer 1Y)

< “Hiam the ‘

by Tollvace Canay (Vve)

A *tve Surie resulds dye
o the turdine gate opening,
p —ve AQT}@ reaults duye

1o twibivie e closure.
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‘SUR’C.ET Rk < 1B KRtvuchoe  Which torms an escentiad
_ 4 &

Pastk of the Conveyamce ‘
AUch Aystewms ke lomg- Tt i.s a Slzeable Woder yeceptable

interposest bjw -the powe rhetae and the Wigh Pressure penstocks
: oy one &ide and low Pressunt Yunnels 'qnd “Hne. yreses,Noly Own
L Jhe pther <ide. These ave wually aprociates! Wit high head
: develepyent Lchemes Where Wadey is taken 10 e Powerhouse
‘H’)Yﬁllah tunnels DNA;CM are c{esiav)ed 4o be O-nly’ 'fo" Row Yo oclevate
heads - and can%t  withatand he weter hammer heads: Surge Tanks
ase  meeded 1o Llocks these V)i?b pressuye waves travelling into
tun nets.

pressure Comduit System dhewever

-—
—

Regeyvoiy
3

SYous®
/\‘ powe

; &
High Pressure A7

: Pen stk AL Tailvace
i Valve d
i Arrangement of Suvge Tank ot

Ne(:essfty O-F Suyie 75nks-—
| 0w  Pressure COM

Suld. Sustgm {rem h‘ua,h Interresd

1)) To Pprotect the
pYe SSUYES: \ :

1) Tt can absorb the excess discharge from -Hne. resenvoly,
poovide extra wiafey  in  emergency <o turbines Whenevey

meeded - : ‘ ‘ 4
i) Suvge Tanks do mot alvectly Influence the magnitude

waker hammer Pressaoe:

Note: The Rur-off River Plants and mediur headl Sehemes
requive 70 Large.  Tanke ‘ ;.
. PISO canel oll ve rsion SChcmef afso »ot 7’67'curc 498,
. When powerheuse s (ocates wlthin & hort <istance or

Ye;cu‘w;d.

head work  Surge Tanks are not
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- Tore
: ér S Of i Qurye  Tarks—
Qseifiy
[ &S’S'f“"‘ In diffevent WAY$—
'\'\3 Q‘f et eviag ot Ccnsh’uaﬂ@"; comcrete oY Steel
:l\‘\) 9 L'DCCLHDY) Wyt jYDLIY)dj QndCYTrouy,cl Dr DVGY?”IOU”"C’
: Locahon jp the hydsandic system

1\‘\ B :
: Y hgdvautic  dunctioning. and  —x— Shape:
< o 5
Bssiti cation based om thel : ! '
= ! = ely &hape R_heh olsSo dexes,ymmne +H e\
S ALlie. chayactersHes, s
5 Stmple cylindricd Surge Tank
- Re‘,s‘mcted orifice =
53 S‘M'P'e Surge TanK of Simple design
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