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Chapter 3 Powerhouse

This chapter is prepared to supplement planning of the powerhouse of the Jatibalang
Multipurpose Dam in terms of civil engincering design.

3.1. Scope of Design

The powerhouse dealt within this chapter includes the structures from some part of the.
penstock to the end of the tailrace. The following structures, therefore, are designed
and presented in this chapter.

(1) Penstock  : The penstock from just 2 m upstream of the powerhouse to the inlet
| - valve B . |
(2) Powcrho.us_e 1 The structure below EL. 98.00 excluding architectural works above
| EL. 97.50 | | ' |
(3) Tailrace : The draft pi( and the tailrace culvert under the powerhouse is
- designed and the rcinforcemenl for the tailrace passing through the
_ ~ foot of spillway was studied. '
(4) Tailrace Gate |

- For the design of the above structures, water hammer analysis was carried out. 'The
head loss was also calculated to seek the installed capacity and encrgy to be produced

by the powerhouse.

The éoncrete outline and reinforcement of the structures are shown in Figs.3.1.1 to
3.1.13. | |
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Fig. 3.1._8 Powerhouse Reinforcement Section (1/4)



Fig. 3.1.9

Powerhouse Reinforcement Section (2/4)
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Fig. 3.1.10 Powerhouse Reinforcement Se_:étion (3/4)




Fig. 3.1.11

Powerhouse Reinforcement Section (4/4) -



Fig. 3.1.12 Powerhouse Reinforcement Plan (1/2) o |




Fig. 3.1.13 Powerhouse Reinforcement Plan (2/2) . L




3.2.

Main Featuves

Main features of the powerhouse are tabulated in the following table.

Description - Unit Main Feature

(1) { Hydropower Generation |

- Maximum plant discharge - m¥s 3.00

- Maximum gross head n 69.10

- Design head m 64.38

- Installed capac_iiy kW 1,550
(2) | Dam and Water Level

- Reservoir NWL- EL. m 148.90

- Reservoir LWL EL.m 1136.00

EL.m 82.91

- Tail water level TWL

vl ._342-71 |




L

3.3. Geological Condition in the Powerhouse Area

" The poWerhouse will be founded on the sahae rock formation as that of the spillway
stilling basin. Judging from the geological profile made along the centerline of the
spillway and outlet facilities, rock foundation for the powerhouse would be expected at
EL. 80.80. '

oA



3.4 Effective Head
3.4.1. Reservoir Water Level and 'i‘ailrace Water Level

1) Reservoir Water Level

The normal water lovel (NWL) of EL 148 9m was used for calculating the
cffectlve head and annual generation, '
) Taiiface_WatefLev"el' '

' The water le\kél at the téilrace exit is defincd as the tailrace water level (TWL) for
' 'gcneratxon Gcnerally, TWL is cqual to the water level of (he downslrcam river

channel whcn it is hlgher than the water level at the tailrace exit. The water level

of the downslream river channel can be obtamed by the H Q curve of the rver

reach downstream of the spillw:ay shown m Table 3.4.1 and Fig.3. 4 1. Thc water

* level of the downslream nver channel and depth at the outlet section of thc

; tailrace correspondmg to the maximum plant dnschargc of Q_ 3 m’/s arc as

: fo]lows
.Discﬁargé' - Water Level |- ::\.V?lter Depth
Maximum plant dlscharge (Q-3 m’/s) . 82 631 0331

Notcs The bottom elevallon of the tallrace at ex;t is 82 3m
' Ontheotherhand, thc crmcal dcpth at, {hc:ou_l.llc‘t_;sébtri:oh i's c_é;_lcu_la_fe_d by '
B 05/ (1))

. Where -,

hc jcrmcal depth (m)
Q 7 dlschargc (m’/s)
| ',B::; Wldth of scctlon (m) -
a klnellc encrgy correctlon factor lr . | E
g § grav;ly acceleratton S . |

Csa



The calculated parameters are given

a=1.0
Q=30mYs .

B= 2.0_ m

Therefore, the critical depth is equal to

P T

h= [aofl(gB)j‘B = (1.ox3.2)9.8/2)'”':_= 0.612 (m)

:It can be found thal the crrtical depth is larger than the water depth of the

" downstream rrver channel of 0 331m Thus, the water level of the downstream

- river ‘channel has no effect on the water depth in the tallrace, consequently, the

- water level at the tarlrace extt is determmed by the bottom elevatlon and crrtlcal

L 7._depih Hence, the water level at the tarlrace exrt is obtarned by

_'Hz :82.'3+hc'=_'_8213'+o._612'=' 82;.9"1"2_;1_1 T

. N [‘herefore the TWL for calculalmg effectrve head and generatlon is taken as
-°  EL 82 91m. | SN |

3.4.2. Computation of Head Loss

1) Design Corrd_it_loﬁ R

| The J atrbarang Power Statlon is desrgned as a part of the mulirpurpose reservorr o _
- The maxrmum power drscharge of 3 m’/s is conveyed by 'a branched prpe whrch'_ : _: i
-:_ :1s a part of the outlet facrhttes that consrst of an mclmed mtake structure wrth
" _bulkhead and emergeney gate, outlet turmel steel outlel prpe control gate

penstock tarlrace gallery and tarlrace gate The brfurcatron valve lS set ]ust -

before the power statron 50 as to enable to dlreetly release the water for clomestrc

use wrthout passmg the power stauon The maxrmum desrgn drseharge of the

g outlet pipe. is 6 m3/s which is used for determmmg the srze of the outlet facnlttres o

, before the brfurcatron The mammum power dtscharge of 3 m"‘/S is used for

3 computmg the head losses of the whole outlet facrhtles for hydropower

6

o




2)

generation. The head loss computation is carried out by dividing the outlet

facilities into three portions, thal is,

a) Inlake structure mcludmg trash racks o
b) Outlet steel pnpe _
¢ Tarlrgoe .

 The schematic of the outlet facilities is shown in Fig, 3.4.2.

IIead Lo_Ss CalculetioniForhiulae _- |

The calculatron of the head losses was prmcrpally came(l out in aecordancc wrth .

: the fommlas and hydraulro coeﬁlcrents as stnpulated in the Desrgn Cntena Report

Vol 2,CT I Engmeenng Co Ltd Pacrflc Consultants International and PASCO
International Inc., March 1999 : BTN

“The ro_tlghneés Coefficiente for differerrt wzrteryvz'iyé are 'selee_ted as _‘r‘oliows

‘Co.nc'rete C n=00125
Steedl . . n=0.011_5

The value of the gravrty acceieratron is hken as 9. Sm/s Other coeffrcrents used _

'for the loss calculatron are explarned in respectrve section. -

Head Loss ofintake P_o'rtion__'__ Ve

T:The head losses of the mtake portlon is consrsted of the head loss through trash ) '

o racks, fncuon loss and entrance Ioss EE

' _. )] Head Loss lh_rotlgh:’I“rash Raoks.

o Th_e head loss thror_‘rgh the tr_,as‘hr"eoks is comouted_oy ; - -
Hl ) _: a'K‘°«_-—— Foed . OZ'K|'-—---——_ .



- . t %

K= B-smﬂ-(g)

‘Where o |
o head loss through .lrash. racks (m)

loss coeffxclcnt through trash racks '

mean velocity before trash racks (m/s)

-
'y}

safety factor for cloggmg due to trash
bar'shape coefficient

: " trash rack inclination (°)
‘width of bar (m) |

 clear span between bars (m)

-~ o™ a <

 discharge (m’/s)

—
[

| ﬂow Secllonal area before lrash racks (mz)

D graw[y acccleratlon ;e

B

W/W/M/M/W//W/

Front R '

: Trash Rack

l::] o
Cop=160 T Cip=wgr ot p=234 0 0 Uop=173
@ (b) 3 (c)'_ @

o Bar Shape Coefﬁcnent SRS

U Since T T
B ﬁ 234
= tan (114)_35 538° |
't/b 025 o
_a30-' N R
A= 20x189 378w

C i




Therefore, the head loss thrf)ugh trash rack is equal to

K, = 2:34xsin(35.538)x0.25 = 0. 214
H, =3.0x0.214x(3/37. 8)2119 6 = 0.0002=0.000 (m)

B '(2) Frictioii Head Loss of Inlake Structure
" The followmg formuta is used for lhe calculauon of the fnchon loss of the
| mtake structure. '
| Hf = K L/R- V’l(2g) Ky UR (Q/A)’*/(jg)
K 2g nZ/RIB )
' _Wherc '
s frlctlon head loss (m)
fncuon cocfﬁment - _
x | roughncss _cqcfﬁcxent o

: " length of pipe (m)
o ﬂoﬁ v'c.locity-('r:n/s)
: a dischérge (mvg) o
hydraulic radius =AJS o
Cflowarea(md) .

. . wetted perimeter (i)

A‘._'cm_.. » > ;c“__'o‘ < .- :_?q -_":'

- gravity acceleration

_ The fd_{lbiﬁing 'cal_cula-t._ioh'ccinditioﬁ_s are used.

In 00125 (concrelc) _
L= 24939m ] N (N
o Q=3ws R NS P2
A 20x16 3z(m2) |51-6m 5:‘|
S 2x20+2x16 72(m) o T

© R=AS=32/72= 0444(m) e




Therefore, the friction head loss of the intake structure is -

K, =19.6x0. 01252/0 4\44”3 —O 004

H; = 0.004x24.939/0. 444x(3/3 2)2/19 6=0. 010 m

3) Entrance Loss

O

~ The entrance loss from the intake slructure into the outlet pipe is calculated

_ by

H=KVIRg) %'&-(Q/A)’/<2s) i

- Where o
H: ehlfancé losé (m) |
."cmrance loss cocﬁ“ cwnt
: o flow vclocxty (m/s)

| dlschargc (m3/s)

gravﬂy accclerahon

m >0 < R

. The values of: K, arc as fol_lov)s:: .

Ke=05 " Ke=025

¢=001-005 . Ke=10 °

: ﬂow area al cntrancc (m") RTINS

S - [ ' : l - Ke =l(.).1.cir.c.ular' g
~ " Ke=02Square - . -

(3

}\er 0 5+0 3cosB
1} 2cos’8

- ;Enfréighce' Loss qufﬁpienf i .



! ~ The discharge and flow areaare

Q=3mYs
A= 1.4x1.4 = 1.96 m?

From the above flgure, the entrance loss coeffictent is selected as K, = 0.05.

| Therefore the entrance loss is computed to be
H, - 0.05#(3/1.96)2119.‘6:-7-0.0_06_':m f
| (4) Su-rnmaty' .ofl_Head Loss ol‘ Int"ake. Portlon RO
' Assummg the allowance of 1% for the above. rhentioned calculated loss, the
| - head loss of the mtake structure 1s.summanzed as follows

- ThtOGQH washrack: 0g0om
_Friction: S OOIOm |
| . Entrance: 0006m SRR
?-’Aﬂowance aw: o eom
;  Total S e0t6m b
4) HeadLossofSteeanpe S O St ;

- _'I'he head losses of the steel plpe mc]ude the frrctron loss, gradual contractron loss, -

3 _ bendmg loss and the loss due to brfurcatron
(1) Fric_ti_oh Heaa Losses_afsreel ?ipe
- The fnctlon losses are composed of the loss through the portlons wrth the o
same diameter and the one through the gradual contracnon portlon The
k '_'diﬂerent formulae are employed for calculatmg lhe losses through the

- o drfferent portions

o A Losses through the portions with the same diameter <.



The friction losses of the porlionrs‘wi'th the same diameter are computed

by
H, = 124.5n%/D*LV%/(2g) = 124.5n/D**L (Q/A)/(2g)

Where

. Hy : - friction hcéd ioSs (m)

roughness coefflcwnl '
* internal dlamelcr of plpc (m)
lenglh of pipe (m) el
flow velocity (m/s) "
 discharge (m¥s) .

flow area (m?)

: . pravily acceleration .-

Thc calculated parametcrs and fﬂctlon losscs of ihe portlons w1th thc '

- same dlameter are summanzed in the followmg table

Friction Losscs of porllons wnlh same dnamcter TN R @
Pait . D(m) S n - L(m) A(m2) H,(m)
(beforc branching) | : 14 | 00115 | 403.161 | 1539 | 0822~

ust after branching) - | © 1.4 | 00115 | 2000 | 1.539.]: 0.004
3(after gradual portion) | - 0.8 [ 00115 | 1500 | 0503 | 0.060

B. Losses through Gradual Conlraction Portion ~ -

The friction loss lhrough lhe gradual conlracllon portlon is calculated by
- H;= 237n2LQ’(1ID2”."~‘ llD “ﬂ) /(D Dz) ' R
: W’hé{c
H, ) frlctlon head loss(m) | R
n  ___"_roughncss coefﬂmenl - _
D, 1 '-zmtcmal d;ameler before conlrachon (m)

D, : _lntemal dlameter afler conlrachon (m)



)
g

L°:  length of pipe (m)
- Q :  discharge (ms)

é’lhe parametcrs and calculated friction - loss through the gradual

o X contraction pomon arc summanzed in the followmg table

Frlcuon I..OSSCS through Gradual Contractlon POl’thl’l L o
Lo Pt | Dy | Dy | - L(m) H, (m)
| 1(D140010D80OOY | ¢ 1400 | 0.800 ‘| 00115 | 2.860 | 0.032

(2) Bén'ding Heéd Lpsslas_

| _The honzontal and vertlcal fncllon losscs belween the mtakc slructurc and

.the branchmg vaive are computed in thls study Tha locauon of the bends i is

" shown in F1g3 4. 4 The followmg formula 1s employed for calculalmg the
'bcndmg losscs '.

Hb = Kyr* sz Vz/ (28) Kbl sz (Q/A)Il (28)

o _'1 Where
H, bcndlng head loss (m)

Kb, " loss coefflclent dctcrmmed by the ratio ( p/D) of thc bendmg '
1w radios p to the pipe diameter D, in case that a center angle of
- bending is 90°{Andcrson Straub adjustment value is gwen in

_ Flgure (a)} Lot -
K b _ratlo of the loss tor a center angle B to thc loss for a center
angle of 90° - - ' > : :

: ﬂow velocnty (m/s)
dlscharge (m’/s)

: ; flow arca (mz)

o ...::} o <

"1 gravity acgelcrall_on IERMPR N



The Anderson-Straub adjuslrpent__yalluc_s__of _ K.,,-and' Ky, are defined
empirically as follows o AR

K, “0131+01632(D/p)7’2

K,, = (0/90°)"

The parameters and calculated loss at each bend arc summarized in the

following table. .
| @
: _ : Bcndmg Head Losses (Q 3m3/s)
No.of | D |- :
Tt | oy | P | 80 | K | Ko |A@d| 500 | (m)

VIP1 |1.400| 2800(5 0°33 27710145 07491 . 1.539 | © 0,046 | 0.021

HIP1 | 1.400 | 45.000 [90° .-~ | 0.131] 1.000] -1.539|  0.055{0.025

HIP2 | 1.400| 45.000 [45° - .7 | 0.131] 0,707 | * 1.539 0.03910.018

VIP2 | 1.400|. 4.200[3°54'18” | 0.134| 0208 | 1.539]: .0.012]0.006 -

HIP3 140{) 4,200 | 19°21” 04” 0134 0464 -*1539 ' 0026 0.012

Nolcs The. values of Km -and K{,2 are obtamcd by the cmpmcal formulac

K

i 1'2- S L

VS Su e e e et et AR s e o
s s AT G
o1 RS _ S 0.4
S0 BRI ' 02
.0 2'_4_6‘8 10 12 00- -

o ep 00 e 100120

(a) ValueofKM (90°) BRI 6y - Lol

L _The followmg Gardel formula is used f0r calculatmg thc head loss due to o

- 'branchmg

_ thrc. :

S (b)Valueome L on
Bendmg Loss Coeﬁiment o

Braﬁching Loss

: 1

', = H -—Hﬁ-K‘,V /(2g) K,,(Q/Au)/(Zg)
K, = ossqﬁ-ozﬁqﬁwm ST

"H, ~:  head loss-duétldbfa'ﬁchin"g-. I



bnnchmg head loss coe[flclcnt

&

H, : workmg pressurc head bcforc branchmg (m)

angl

—

" worklng pressure hcad aftcr branchmg (m)

<

=]

flow velocity before branchmg (m/s)

o
1)

original discharge (m¥%s)

-3
g

flow arca before branchmg (1112)

miemal dlametcr of pipe (m)

D
g ratio of branched dischatge Qﬁ to orlgmal dlscharge Q.
. T

- The calculated paramétets are

g, —30m/
:-Qp~0m/ ‘
5= Q/Qu=0
D= =1.4m
Au nD2/4 31415926x1 42/4 1539 (mz)

P Therefoie; th'e‘tsfz;i_néhi_ﬁg'heaq 1o'ss becomésjss"fol_lbws': |

Kb Osgqﬁ —026%'[‘003 003 | Sl . 3
Hb“ Kb(QJAq)2I(2g) 003x (3/1 539)2/19 6e 0006 m: R

) (4) ValVGLOSS ERRERIE RO

o The heéd‘ioss due to \%dlve ié'_calcplatéd by

CH =LV =L AT IC)



Where

P

o <

'D:

:__head loss due to valve

valve hcad loss cocfflcwnl f 0 whcn the valvc is full open

- flow velocny (m/s)

dlschargc (ms/s) |
flow area of pape (m’)

mtcmal d1ametcr of pipe (m)

‘Smcc f= 0 is appllcab]e to calculatmg the cffecuve head lhen

}Lo

.. 5) Gradual Coh_lraction Loss

The grédualcon_{raction héad lo'SS is calculated by

~ Hy,

B

g

B

ic paramelcrs of the gradual coniractlon portlon and calculated gradual

‘ f v /(Zg) K (Q/A2)2/(2g)
thre

_,H i .‘ gradual contractlon loss (m)

gradual contractlon loss coefflcxcnl it IS a funcuon of the

- conlraction angle 0 and the ratio of the cross sechonal areas of
..~ the flow before and aflcr conlracuon, ZIA (see the following _

flgurc)

: _vclocnly after conlracuon (m/s)

dlschargc (m3/s)

sectional flow area bcfore conlracllon (m’)

“: sectional flow arca_aftc; con_tracu(_)n m») .

conlractlon loss arc gwen m the followmg lablc L

" Gradual Contraction Loss

A Azu fgc IA22 B hsc

' D (Hl[l]) . (ml) (mz) Az/Al. . : G(D) , . . fgc . (I'I'l) i . (m) -_:
1400 10800 | 1.539 | 0.503 | 0327 | 13°58'34” | 0.006- | 00237 | 0011 |
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" (6) Summary of Head Loss through Steel Pipe =~ -

_ Assummg the 'allq\véﬁcé of 1% for th_é ébové-mehtioned é'alculafed loss, the |

' head loss thrdﬁgh the siécl pi[ié is’.:_mrq.rwr‘larriz'ed as follows

CBriction: . 0918m
_:'_Gradua_l con.t.ra(::tio‘n; 0011m ;.'
7__'.'_._Bending: 0082m |

© Bifurcation: - - . 0006m

Covalve: - 0000m

- '.:i.All(‘)'Wéncé: B 0010m
CTotal: . L02Tm

©'5) HeadLoss of Tailrace

*  The head losses ;pf the tailrace consist of the heé’d':los'S'o_f ‘the prc'ss_L'llrc portion -

(upper 'p'a:\‘r( of the tail_r_aée) énd.ndr_x-pres_su_r'é portion (lower part of thé tailrace).



The head loss of the pressure portion consists of the draft-tube outlet loss,

- - bending loss, sudden contraction and expans:on losses and fnchon loss. The head -

loss along the non- pressure portlon includes the fnction loss and exit loss due to
velocity decrease. The ex1t loss by abrupt drop of water level is not c0n51dered
because the critical depth 13 selcclcd as the exit deplh for determining the

* effective head. The be.ndl__ng loss _along non- pres_sure poruon is also negligible.

Ry

The typical sections fdr‘calculating‘ i_he tailrace loss are shown in Fig.3.4.3,

(1) Head Lo_ss' along Non-pfés.s;ﬁre 'P_Qrt'i'onl (bcf\vééi{ Séctio_n A-A and Section C

A Velocity Hea;i Loé§ ét E)_cil o

: From lhe calculahon in the above secllon, the ﬂow area at thc exll of thc '

tallracc 1

A::th:_z.O_x_O.ﬁiz ot

" -Thcreforc, the loss at thc cxu due lo veloc:ty dccrcasc 1s |
m,~v2/(2g) (QIA)QI(Zg)- 1. 0x(3/1 224)2/19 6 0 307 (m)

~
| D=2.0m
L D=2.0m N
- Section A-A
B. Friction Loss along N_on:preSSufé Portion’ - - . ... o %

The fricliqri 'loss'_ along the _nori~p'-r'éfsSur§: pb"rt'ion.is"éélculiated by L |

Hu ALS o
AL AE/(1S) (Ezﬁ)/(xs,)'

o



i3

oy

‘ sz 1 owvEl
s, 05(—— MYy LY
2 R,” 28 °

Vz
E =h+or—, i=(z,- )AL

Where _
by, : friction loss (m)
' '_E B SpelelC energy (m) _
- AE : changc in specrftc enegy (--E2 E )
h B water depth (m)
' 37 : averagc friction slope |
"Vt velocity of flow (= Q/A)
Q : dlschargc .
A. : flow area S T
R :hyc‘t:rau,li_c‘rad'ius Bt o
B : ‘; hottom slooc 7 I

: bottom elevation SRPTEAS
: '_mterval drstancc
: roughness coeffacrent i

: gravily accclcratron

Q oo-':-:_ gw

: kinetic encrgy correction factor (nl 0)

Suffrxes 1 and 2 1nd1cate the upstream and downstream stdcs of thc
' reach of lcngth AL o ; '

NH, = /\$H2

The upstream depth h is calculated by dtrect step method The calculated

condlttons and results are shown in Table 342 From Table 342 thc g :

S ahs



friction loss between Scclipn A-A and Section C-C is 0.068m.

(2) Head Loss along Pressure Portion

The computation is carried out from downstream section to upstream section.

A.

T hc c10ss sﬁ:ctiron paramelcrs and the velocity before expansion are

Sudden Expansion Loss at Section C-C o o | O

| Thc_sudden expansion head loss is calculated by

'_H _va, /(2g) Ku(QIA)’/(2B)

K, = (1 A /Az)2
\_Vheic , )
 H, :I B sudden cxpansnon loss (m) ;
Ke: sudden cxpansmn loss cocfﬁcwnl _
¥, ' .velocny before suddcn cxpansnon (m/s) ‘
Q: dlscharge (m’ls) _ '. ' (3
A, :  sectional flow area bcforc sudden cxpansxon (mz)
Ay secuonal flow arca afler sudden expansmn (m?)

g gravaty accelerauon

vgzesm -

v,
* VEL.80.8m

A 20x20 40m
A2w20x2468 4936111

" Therefore, the sudden expansion head loss at S_e’ctioﬁ"C;C‘l')écqmcs'as _

o _folloWs.”

C346



K, = (1 - 4.0/4.936)° = 0.036
H,, = 0.036x(3/4)¥19.6 = 0.001(m)

B. Friction Head Loss between Section C-C and Section F-F
| The friction loss along the pressure portion is the sum of the loss
between Sechon C-C 3nd Section D-D, the one between Section D-D
and S__ccllon EE and the one betweer Section E- B and Section F-E

T hé fqllo§ving fdrfnula is ﬁsed fof the célculaﬁon of the friction loss:

H = KR V2/(2g) K; UR (QIA)ZI(Zg)

K{ 2gn2/Rm
 Whee |
| - Hf. - fncnon head loss (m)
K frlcnon coeff101cnt :
n i._ o roughness _coefﬁcxent
. L S le.hglhpf_téa_ich(rﬁ)
v : flow velocity (nils) .
- Q | :'disc'ha.rge (rh’/s) ',
. A ﬂow area (m?) o
N wetted pcnmctcr (m)
: R_.' hydrauhc radius (m)

o g' grav1ty accelcfatlon

Thc parametcrs concemed arc gwcn as follows

Scctlon D D for the porllon between Sechon C- C and Sccllon D-D:
. L=1925+3206=5131m
U A=2000=40(m)
5222042280 (m)
CR= A/S 40/80 0.5 (m) -
_v Q/A 3 0/4 0= 0 75 (mls)



Therefore, the friction head loss between Section C—C and Section D-D

is : S
K, =19.6x0.0125%0.5" =0.004
© Hy, = 0.004x5.131/0.5%0,75%/19.6=0.001 m -

-+ Scction E-E for the pb'rli(_lm between Section E-E and Section F-F:
o L=2075m SO E

o A= 31><51-1581(m2)

| S=2x3.142x5.1 = 164 (m)

* R=A/S =15.81/16.4= 0.964 (m)

V= Q/A 30/15 81 0190 (m/s)

Thcrcfore, the fnctlon hcad loss bctwcen Secuon E-E and Secllon F—F is
K,z =19. exo 01252/0 964"’ =0. 003 xS
=0, 0(}3x2 075/0 964x0 192/19 6 0 00001 0 000 m

_ The fom]ula for gradual conlracuon is used for calculatmg the fnctnon
loss of thc porllon between Seclion D D and Secnon E-E that is
= 2 37n’L 1‘(1/1);”3 1/D,*?f3) /(D, Dz)

Where ‘ -
" H,:  friction head loss (m) -

n roughness coefflcmnl

Dy '.equwalenl diameter beforc contracuon (m)
o D.2 o equwalenl dlameter aﬂer conlracllon (m)

Lt length (m) R
Qi discharge (m¥fs) R

s




=R
-

The length of the portron between Section D- D and Section E-E, L =
1 55 m, and equwalent drameters are
D,—-(4A/n)”2—(4x15 81/3 1416) 2-4487m
D, (4Afn)"2 (@x4.0/3.1416) "= 2.25Tm

o Therefore the friction head loss belween Sectron D-D and Section E E

becomes as follows

Hg=2. 37x0.0125%1.55x3 Ozx(1/4 487"” 1/2 257'3”)/(4 487-2. 257)
=0.00004 m

- 'Hence the fnctlon head loss along the whole pressure portron is

H 5, = 0.00140. 00001+0.00004 =0. 0tm

Beudiug Loss betw‘een Sectiorx C-C anl:l Seetion D-D

.The mller bending loss belvlreen Section .C C and Sectio'u D-D is

computed by Convertmg ‘the rectangular cross secl1on into a crrcular

secuon The followmg formula 1s employed for the benclmg loss.
H=KV¥2) |
K, =0. 946s1n2(cd2)+2 OSsm‘(a/?.)

. Where

- Hy e bendmg head loss (m)

_ K, . bendlng loss coeffrcrent
oy '_flow velocrty (m/s)

Ca s bendmg angle )

g : I gravrty accelerauon SRR

-~ Since the section area is A=4.0m? then the equivalent diameter of a



circ_uiar section is determined as fo]lqws:
- D=(4Ain ”_2=(4>_<4.0l3_.1416) ’_’2 = 2.257Tm

When the bendlng angle (1~30° and the coeffncnenl is apphed
K,, 0. 946xsm’(30/2)+? Ostm (30/2) {) 073 -

‘ Therefore the bendmg loss between Section C- C and SCCllOll D Dis
H,, ~ 0. 073x(3/4)’/19 6=0.002 m '

| ) l’ Idoss at Dretft-tube‘(v):utlet -

, The loss at the draft tube outlet is calculated by the followmg formula
: for sudden expansnon loss ' '
H=KVQ)

Kz (1A

C Whee T R
| : Hg :_loss due to sudden expansmn (m) o
) Ksc ;sudden expansmn loss coeftlcxent._
_' .A,-: _ 'ﬂow area at draft- tube outlet (mz) o |
: A, P flow area after sudden expansmn (mz)
.' V, = velocity al drafl- tube outlet (rn/s)

g ¢ gravity acceleratlon Lo

The area and velocuy at the draft tube outlet and the area after sudden
expansnon are as fo]lows e T
= n:D’I4-3 1416><1 42 -1 539 m

A, = 5.1x4.2540. 5x(2 0415. 1)x5 0-2 OxO Sxl. 0><1 925 +1 0x2. 0

| —422]5m
v, Q/A, =3, 0/1 539 1949m/s L

lhcrefore the loss at the draft tube outlet is equal to
Kg (1 1. 539/42 275) 0 964 (m)
H,,, - 0. 964x(3/1 539)1'/19 6 O 187 (m)

3420



E. Gradual Contraction Loss between S_cclion D-D and Séction EE

Ho= 6V, 00 = K QAP Q0

Where N
HS; : gradual conlracnon loss (m) o
e graduat conlract:on loss coeff:cncnt 1t is a function of the -

contraction angle @ and the ratio of the cross sectlonal areas
of the flow before and after contrachon, ALA,

v, velocity after contractlon (m/s)
-~ Q : discharge (m’/s) o
A 'secuonal flow area beforc contracuon (m?)

A, sectlonal ﬂow arca after contractlon (rn’)

The contractlon angle, 6' C i
6= 2arctan[(5 1- 2)/2/5]—34 447°. _;'

- ;7' _The areas of Sectlon E-E and Sect:on D-D are A 15 81 m? and Az-4 0

’mthus e ' |

' AZIA,-. a. 0/15 31 0. ?53m B

From the above-mentloned figure,

f,. = 0.05, when AJA,=0.; and |
fgc = 0.04, when AZIA,-O.3 ERRME

' Thus the factor for A,/A 0 253 can bc obtamed by . o
f ~(0 04 005)x(0 253 02)/(03 02) +005 -0 045 R

. T hcreforc thc gradual contraclmn loss between Secnon E- E and Secuon
D- DlS calculatedas foliows e '
= 0 045x(3/4)2119 6 o 001 m
- (3) Summary 'o_f. Héad Lossof .'_I.'ai‘lr_eiCé Pbrtior_i |

= ”As.'s.ilr'r_ling élloivanée of 4=.(_)'%-'for' the sum of the loss of the '_hoh-pféSS_uré o

_ 4 420



portion and loss of the pressure portion, the head loss of the whole tailrace is

summarized as follows

-Prcssure Portion: S _
Draft-tube outlet: " 0.187m _
Friction: . - 000im . o
.Bcnding: o 1 0.002m '.
' Graduél contr'aclioii:‘ B 0001 m '
) 3':;: Sudden cxpansnon S 0001 m : 7 :
.Non -pressure Porllon " e
Friction: o =_--: 0.0{63111 ;
.E)sll : R 0307 m :
A]lowancc(tl%) e 0020m
__Tol_a}f RO '*-_"0'.58’.]m" T

0 | Summafy of Hea-d Loss -
| The whole he'ad. loéses froni the infakc to 'tho tailraoc io casc' of Q= 3ro3ls are - %

summanzcd in Tablc 34 3 I can bc found that iho total head loss along the

~ outlet facmtles is 1. 608m

343 Effecliﬂ'e IIead |

“The effective head can be 'obta.in._ed by ;”5 R
- II—H 2H

Wherc R

He' _:' effectwc head (m) i

H gross head (m) H —NWLTWL
EH,_: lotal hcad loss

From the aforementloncd secllons NWL TWL and lotal head Ioss of thc generanon

' 'syslem for Q= 3m3/s are . Lo TE g

3422



NWL: 1489m
TWL: 8291 m
TH:  1.69m

Therefore, the effective hééld_co'm:_spronding to Q=3.0 m’/s is |

© H,=NWLTWL - 3f,=148.9-8291- 1.69 = 6430 m

, ‘:, : .3._4-23. | . B
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Table 3.4.3  Summary of Head Loss
(Q=3 m> Is and NWL=EL.148.9m)

Portion Structure Item Head Loss (m)
T'rash racks , - 0.000
s Friction 0.010
é Intake Intake Entrance 0.006
' Allowance 0.002  :
Sub total 0.019
Friction 0.918
. _ Gradual contraction 0.011
Steel pipeline - Bend 0.082
- Bifurcation 0.046
Valve - 0.000
Allowance 0.067
Sub total 1.084
Draft-tube - 0187
oo 1| Friction . 0001 .
Pressure portion | Bend - o 0.002
o oo | Gradual contraction £ 0.00L
Tailrace 2 : Sudden expansion 0.001
| porion | Feietion 006
é”’ Do T Exit - 0.307
- Allowance 0,020
-4 - 1 Subtotal 0.587 -
“Total - - ¢ : 1.690 . .

 Note: Effective head = NWL - TWL - Loss =

R E 7 A

64.300
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