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THE INFLUENCE OF TURBINE SHUTDOWN STATE IN A
HYDROPOWER STATION ON THE INITIALS VALUES OF
WATER HAMMER WITH THE METHOD OF CHARACTERISTIC

The studies of changes in values hammer, comparedlits initial values,
are a real problem for researchers hydraulics, du¢o complex and
multi parameters that come into play, in this workwe will put the
fingers on a specific phenomenon operation of hydpmwer stations,
reflecting the case of a simultaneous stopping oftarbine (valve) or
other turbines are shut down for technical reasonsr exploitation
slump to meet a minimum requirement requiring the @eration of a
turbine to regulate the storage of water, the consgiences resulting
from such operations result in changes to local pesures and flows in
the system considered, to understand the problem weill analyze with
the method of characteristic.

Keywords: water hammer, hydropower station, methodof
characteristic.

INTRODUCTION:

Generators are the main hydroelectric energy soancéhe network,
faults can occur on the hydraulic or the generitsetf, optimal operation is
expected to master as soon as possible all faelised to the operating
system and water hammer that can be caused exeteinage. It poses a
very important for researchers, especially in bna@acnetworks. This article
will discuss a case of well-defined phenomenon Wwhie the study of
variations in pressure and flow compared to basadinthe end to reach a
numerical characterization of the phenomenon.

PROBLEM:

The influence of turbine shutdown state in a hgdwer station on the
initial values of the hammer, in a system whereirgls turbine in
operation, this problem specific to the operatidrhygdropower stations,
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reflecting the case a simultaneous shutdown of @nmore turbines for
technical reasons or exploitation slump to meeti@mum requirement
requiring the operation of a turbine to regulate water storage Designed
for drinking water that for irrigation, the consemees resulting from such
operations result in changes to local pressures #mds in the
system under consideration:

The calculation of the variation of pressure armvflis through the
graphical method Bergeron.
CALCULATION HYPOTHESES :

Rési

Fig. 1. Schéma 01 Fig. 2. Schéma 02 Fig. 3. Schéma 03
Assumption of the proposed system:

1. The losses are zero.

2. The lengths of secondary pipes identical.

3. Sections of the secondary lines are identical.

4. The angular coefficients of the secondary pgresequal.

5. The length of the main pipe extremely large jpared to the secondary
pipes.

6. The slopes of the pipes are zero.

CALCULATION OF DATA:

Initial conditions Qu=5 andH = Hg

a=tana=(c/g.S)

With:

a: slope of the main duct

S: section of the main pipe;

c: the speed waveform in the main duct;

g: acceleration of gravity;

y=—ay=az=au=o0, =19 (c/9.9);

a;, &, & anday angular coefficients of secondary lines A, B, 1@l &
successively (in all proposed schemes).

S, S, S andS;: secondary pipes sections A, B, C and D succdgsive
all proposed schemes).

Cu, &, G andc, wave velocities in the secondary lines A, B, @ dn
successively (in all proposed schemes).
DEVELOPMENT OF EQUATIONS FEATURES:
Expecting that many engineers are today, still dokmow the method of
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characteristics as a technical solution to fatédithe discussion; we rewrite
the equations of momentum and continuity as foltows

aQ aH
L= ot PRy 0x ZDS @
0Q
L =c>—+ S——O 2
2 X g at 2

The method of characteristics based on the suctesgiacement of a pair
of partial differential equations, the developmehthe method begins by
assuming that the pair of equations. (1) and (2) beareplaced by a linear
combination of these two equations. Use as a aonBieear scale factor,
sometimes called a Lagrange multiplier. A possioliebination is:

L=L,+AL;

ot 0x 6t A 6x 2 DS
If H=H (x, t) and Q = Q (X, t) are the solutioakequations (1) and (2),
and the total derivatives can be written as:

9Q_0Q, 2Q0x @
ot ot o0x ot
oH 6H aH [
and ©)
ot ot 6x ot
Coefficient A is defined as
1 ax )
Aot
or A=zl ™
Cc
And using equations (4) and (5), equation (3) eawbtten as
0Q, gS dH,
x4 2= = 8
ot c dt 2DSQIQI ®)
if dX =+C 9
dt
0Q _gSdH,
d I I = = 10
o ot c dt 2Ds.QIQI 10
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dx _
dt

In the plane (x - t), the equations. (9) and (fEPresent two straight
lines having slopes These are called charactelfisés, Mathematically,
these lines divide the plane (x - t) into two pankich can be dominated by
two types solution, ie, the solution may be distardus along these lines,
they represent the path traveled by a disturbdocexample, a disturbance
at point A (Fig. 1) at time tO reach the point afime.

Before presenting a procedure to solve the equat{8) and (10), we
will first explain the physical meaning of the cheteristic lines in the plane
(x - t). To facilitate the discussion, we will cathar a single line of (Fig. 2),
compatibility equations (8) and ((10) are valid otlee entire length of the
pipe (ie . d, for 0 <x <I) and boundary conditi@re required at the ends (ie
at x = 0 and x = 1) (Fig. 2) In the example conegde there is a constant-
level tank to the upper end (x = 0) and a valvithatdownstream end (at x =
), and the transient conditions are produced &y dlosing of the valve,
suppose If there is a steady state at time t = 8nwthe valve is closed
instantaneously This reduces the flow through #ieevto zero and causes a
rise in pressure in the valve, due to this incrégsessure, wave pressure
moves in the upstream direction (towards the taifhe path of the wave
is drawn on the plane (x - t), it is representedh®yline BC, as shown in
(Fig. 4), it is clear from this figure that the ctions of the region | only
depend on the initial conditions (steady state),upstream boundary
conditions are not changed, while in region Il tligpend on conditions
imposed downstream (state disturbance) Thus, theracteristic BC
separates the two types of solutions. Excitatibmsposed simultaneously
at points A and B, then the region influenced by thitial conditions as
shown in (Fig. 5), the AC characteristic line sepes the regions affected
by the upstream boundary and initial conditions] #re BC line separates
the regions affected by the downstream boundaryiritidl conditions. In
other words, the characteristic lines on the planet ) represent the paths
of movement disturbances initiated at various locatin the system.

To solve the equations of (8) to (11), a numberfiote difference
schemes have been proposed Streeter and Wyligy asfimite difference
technique first order Evangelisti suggests a mettrediictor-corrector and
Lister employs both first and second order finitdfedence systems,
because the time intervals used in solving theseatens for practical
problems are usually small, a technique first oslgygested by Streeter and
Wylie, is sufficiently precise. However, if frictiolosses are large, then a
first-order approximation can produce unstable Itestror such cases, a

if -C. (11)
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predictor-corrector method or a second-order appration should be used
to avoid the instability of systems of finite diféeces.

E Y
P — [ 4
R I - Lignes -
A Y I—
? "
b
A l—w| B
Ar=r v P T
E 1
4 j—————» "
v
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Fig. IV.3. Région de validité des équations Fig. IV.4. L'excitation d ['extrémité avale

pour une conduitesimple

Referring to (Fig. 1), let conditions at time t & lbe known. These are
known initially (ie at t = O, the initial conditienare steady) or were
calculated for the previous time step. We want &bcidate unknown
conditions. Referring to (Fig. 1), we can writediralong the positive
characteristic AP:

X
Fig. 5. The excitement upstream and downstream ends

dQ=Q - Q. (12)
dH=H,-H,. (13)
The same way, we can write the characteristic ineghing line BP.
dQ=Q - Q. (14)
dH =H, - H;. (15)

Indices in equations (12), (13), (14) and (15)ereficed to locations on the
plane (x - t) Substituting equations. (12) and (I8)equation (8) and
equations (14) and (15) in equation (10), the datmn of the friction term
at the points A and B, and multiplying by the setd replacing in the first
equation and the second equation is obtained:
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HP—HA+S£g(QP Qu+ QAI Ql=0 (16)

2 D§
and HP_HB_Sig(QP_QB)

We can write equation (16) and (17) as:
H. =H,-a(Q.- Q.)- RQ| Q| (18)
and HP:HB+a(QP—QB)+ RQ| Q (19)

with:

; D§ - QJQ=0. @7

a= c/SgtR= fAx

2gDS

a: the angular coefficient and R: coefficient @ftion (losses).
We can write equation (18) as

such that,

¢:H,=C,-aQ.. (20)
And equation (1V.19) as:
H,=C, —aQ; (21)
with: C, = Hi_1+aQ_1— RQ. QJ; (22)
Cu =H.-2aQ,+RQ,| Q. (23)

Note that equation. (20) is valid along the positoharacteristic line AP
and equation (21) The negative characteristicsgatba lines BP values of
constants Cp and CM are known for each time steg,tle constant has
depends on the properties of the pipe. We reféin@cequation. (22) Since
the characteristic equation and the equation pesit(23) Since the
characteristic equation negative in the equatif¥®. and (19), we have two
unknowns, namelyHr, and Qp. The values of these unknowns can be
determined by solving these equations simultangptisit is to say:

Q. =0,5(C,+C,). (24)
Now, the value ofHp can be determined either from equation (18) or
Equation (19). Thus, using equations (18) and (##, conditions at all
interior points (see Fig. 6) at the end of the timerval can be determined,

however, limits, either equation (18) or (19) amaikable. Therefore, as
discussed above, we need particular boundary g¢onslito determine the

boundary condition at the momely + At .
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Fig.6. Features mesh
To illustrate how to use the above equations, wi ednsider the
conduct of the single (Fig. 2) The pipe is dividatb n equal segments
(Fig. 6), and the conditions to statét =t, + At) of equilibrium points at
time t = tO are first obtained. Then, in order &iedmine the conditions at
the time (t =t, + At), equations (18) and (24), are used for the interio
points (interior sections of schemes), and boundangditions are used for
special conditions boundary. A careful examinawbr{Fig. 6) shows that
the boundary conditions must be known to calcutlaéeconditions at the

time (t=t,+ 2At), the interior points. The grid points, and

conditions (t =t, + 2At) are determined by following the procedure just

outlined. In this way, the calculations proceedp4dig-step until the
conditions for the transient time are determined.

1. APPLICATION OF THE METHOD FEATURE:

In what follows we will apply the characteristic tined for solving the
proposed system.

BOUNDARY CONDITIONS

Based on equations (20), (21), (22) and (23), kngwihat in our
schemes we have neglected the pressure drop whéeimarnthe friction
coefficient R = 0 equations (22) and (23) becomes:

Co=H,+aQ.; (25)
Cvw = H.,—aQ,. (26)
Applying these equations on the three schemes are:

DIAGRAM N 01 (n=2)
Was the point M:

Hp :prnn+l=HpA,l= HpB,l . (27)
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2R

Fig. 7. Junction lines
Also applying the continuity equation at point M:

QP,.n1 = QPas + QR (28)
We have the rates of each line:
HP, 1 . CP
Qpp,n+1 = P07 +_p7 (29)
a a
H C
—Qp; =~ Pag , = (30)
a &
HpBl CM
QP =———+—*. (31)
e, g

It replaces the three equations (29), (30) andi(B8yuation (28):

ZQp:O: pr’”"l + Cpp _ HpA,l + CMl _ HpB,l + CM2 .
a a a q a a

Cp + +
Hp = Pt G * G, (32)
1 1 1
C+ o+ )
a a &
DIAGRAM N ° 02 (n = 3)
Was the point M:
Hp =Hpp,n+1=Hpa = HPgs 1= Hpc 1. (33)
Also applying the continuity equation at point M:
Qpp,nﬂ = QpA,1+ Q%,1+ QQ;l (34)
We have the rates of each line:
HPya , CP
Qpp,n+1 = e + P 1 (35)

a a
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C
—QPa; =~ HpAYl +

; (36)
a a
C
—Q Yl:_HpB,l +ﬂ; (37)
a, a,
HpCl CM
Qp, =———=+—. (38)
o g

It replaces the four equations (IV.34) (IV.35) (88) and (IV.37) in
equation (1V.33):

ZQp:O: prv“"l + Cpp _ HpA,l + CMl _ HpB,l+ CM2 .
a a a a a a3
_Cp,+ G, + G, + Gy,
Hp=—7T—"1 "1 1 - (39)
E+=+=+5)

a a a g
DIAGRAM N ° 03 (n = 4)

Was the point M:

Hp =Hpyn+1=Hpa, = HPps,1= Hpc1= Hpc1. (40)
Also applying the continuity equation at point M:
Qpp,n+1 = QpA’]_+ Q%'l+ QQ,1+ QB']' (41)
We have the rates of each line:
Hp, .1 . CP
QP g =+ (42)
a a
H C
QP = AL T @3)
a &
H C
-Qp,,=- Pos , 2w, . (44)
2 2
Hp C
QR = (45)
8 8
HpD 1 c:M
- =- R (46)
QpDYl a4 a4
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It replaces the five equations (41), (42), (43%)@nd (45) in equation (40):
ZQp: O: pr,n+1 + Cpp _ HpA,l + CM1 _ HpB,l + Cl\/l2 : (47)
a a g g 3 3

_CP G Gt Gt G,

HP=—"7"1 1 1 1 (48)
(+—+—+—+5)
a a & & 4g
General equation:
HPp ot CPy | HPay  Cu
Qp20:$+_p_ {_v.i._n : (49)
2 a a2 s s
Cp, +Y
Hp:—gp Zlcl:“" (50)
C+2 )
a ta,

ORGANIZATION OF CALCULATION:

v
| Read and print input data |

v

[ Détermine steady state conditions in the system.

[ Print flow and pressure head in the systeﬂn

(j=i+1, k=k+1,i=i+1 ]

( K<5,i<4,j<6 ]

v

( calculHetQinthe point| ]

v

[ Calcul H et Q in the end of pig ]

Print Q and +
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CONSTRUCTION GRAPHIC OF PRESSURE AND FLOW:

To represent the variation of pressure and floar avne, we chose the

results: of n=2 in the case @fF 1 anda; = 3,Are below the graphs for each
line (A, B and the main pipe):

A. Pipe A: Variation of pressure and flow
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Figure. IV.7. Variation de Het @  Figure IV.10. Variation de P et O
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igure. IV.8. Variation de H et ¢ Figure IV 10. Variation de P et O
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. . -Fz;ng'V.II. Variation de H et Q dans la Section =1
A. Pipe B: Variation of pressure and flow:
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B.  Principal pipe: Variation of pressure and flow:

)

Figure V.19. ]’f'arialvr!'on de la pression et du débit dans la Section M3 (L=1)

INTERPRETATION OF GRAPHIC RESULTS:

Based on the analysis of graphs, we note the follgw

1. At the connection point M: the values of pressand flow remain
stable for a period (2l/c), the pressure wave at poitwill travel a round
trip of each section with a speed da" 'return to the starting point M
corresponds.

2. A section %4

* The values of pressure and flow remain stableghanperiod6
¥%(0.5l/c) in each line in the case where the pressuvave takes its
departure at this section to the point M in theagiie direction flow and is
reflected back to the end of a hard time (0.5 / ¢)

* As against these values remain stable hangdatimae 3/4 (3/2l/c) in
each line, this is the time for a return wave digghthis section in the
direction of the flow to reflect and reach thistgat

In section 1/2 I: values of pressure and flow rensable hang a period
1/26 (I / c) in each line, it is time to go and wavertr this section in the
flow direction (or in the opposite direction of W and its return to this
style.

This stability, variable Q (t, x) and H (t, x) ofgssure and flow that
occurs in the graph in the plane (t, x) has theesaxplanation as the cases
cited previously made the its symmetry relativéhmiddle of the pipe.

This stability is observed for each section andultesy in constant
levels of pressure and flow that lasts a returnevamd leaves from the
section in question and return to the same place.

CONCLUSION:

Following the analysis of the results, we noteftilewing points:

1. In the case where the number of branching (eyjisal to the angular
coefficient of the secondary pipes (n = al), it iasnd that there is a
conservation of the initial values of pressure sar@ the different time
intervals, c. A.D. values of pressure and flow riered stable baseline
(H=0)

2. In the case where the number of branching mgreater than the
angular coefficient of secondary lines (n> al)yvats found that there is a
variation in pressure and flow compared to basgthie variation continues
until 'that the system is an equilibrium stateraett = 4.9.
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Pressures in the pipe ends (points A, B, C andoDidrease when the
system is steady state ie when the value of the mhact flow approaches
nearer and nearer the flow amount zero.

3. In the case where the number of branchings(igss than the angular
coefficient of the secondary pipes (n <al), it f@amd that there is always
a change of flow and pressure relative to theahitalues, the variation
continues to which the system takes its equilibraiate ie when the value
of the main duct flow approaches nearer and néaeditow amount zero.

a. Pressures in the ends of the pipe at point Aerease when the
system is steady state ie when the value of the mhact flow approaches
nearer and nearer the value of the zero flow, thespre decreases from an
initial value ((A1 = (cl/g) Vo) toa value A5 &l /g ) Vo-H)

Pressures in the pipe ends (points B, C and Dh¢pease when the
system is steady state ie when the value of the mhact flow approaches
nearer and nearer the value of the zero flow, tesgoure rises from an
initial value ((B1 =(c2/g) Vo)toavalue B5&2/g) Vo + H)

b. The pressures in the point (M), ie the brancimtpovary with
alternating (larger value to a smaller value), tf@gation is continued until
the flow rate is zero.
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AHAJII3 BIVIUBY 3YIIUHKU TYPBIHU I'EC HA TAPAMETPH
I'TAPABJIIYHOI'O YAAPY METOJOM XAPAKTEPUCTHUK

JociiigxeHHst 3MiH B 3Ha4YeHHAX MapaMeTpiB riApaBJIivHOro yaapy, B
NOPIBHAHHI 3 IX IePBICHUMH 3HAYCHHAMHU, AABJIAIOTH CO00I0 pealbHy
npoodiaeMy VISl JOCIiTHUKIB Yepe3 KOMILJIEKCHICTh Ta CKJIAJAHICTD ma-
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pameTpiB, AKi po3risagaThes. Jlana podora Topkaerhes crnenudivanx
SIBHLL eKCIUTyaTalil riipoeieKTpocTaHLii, siKi BiioOpaxywTh 006cTa-
BHHH OJHOYACHOI 3yNUHKH TiAPoTypOiH (3aKPUTTH 3aTBOPIB), B TOM
Yyac fAK iHmi TypOiHu 3aKPHTIi 3 TeXHIYHUX NPUYUH 200 Yepe3 eKCILIya-
TaniliHe pi3ke NagiHHA 10 BiANOBiAHOr0 MiHIMAJILHOI 0 3aIIMTYy HA PO-
0oTy TypOiH 3 MeTOI0 peryJIlOBaHHA Ta 30epeskeHHs: Boau. B pe3yabrari
TakuX 30y/J:KeHb BUHUKAKOTH 3MiHM JIOKAJBHUX THUCKIB i IOTOKIB B cH-
creMi, ki mimisAraTs posriasaay. i Ta inmi npodaemu 0ys10 npoana-
JIi30BAHO 32 IONIOMOI 010 METO1y XapAKTEePUCTHK.

KurouoBi cioBa: rinpaBiaivnmii ynap, rigpoejieKTpocTaHLis, MeTON
XapaKTePUCTHK.

I'azuab Canexk, gouent (YHusepcuter batHa, Amkup), Fepacumon I'. .,
AoueHT, K.T.H (HanuoHaneHbI YHUBEPCUTET BOJHOTO X035iCTBa U
npupononons3oBanus), Xagaun Slcun, acnupant (Yuausepcuret batha,
AJnxup)

AHAJIM3 BJINAHUA OTKIIIOYEHUSA TYPBUHBI I'DOC HA
IHHAPAMETPBI THAPABJIMYECKOI'O YAAPA METOAOM
XAPAKTEPUCTHK

HccnenoBanue n3MeHeHUI B 3HAYCHUSIX IAPAMETPOB FHAPABJIHYECKO-
ro yaapa, B CPABHEHHH C X NIEPBOHAYAIBHBIMH 3HAYCHUAMH, NpPea-
CTABJAIOT CO00Hi peajibHYI0 poliieMy ISl HCCaeloBaTe el H3-3a KOM-
IUICKCHOCTH M CJIOKHOCTH MAPaMeTPOB, BXOAAIINX B paccMoTpeHue. B
JAaHHOH padoTe 3aTparuBaTCs crnenupuyeckne sBICHUSA IKCILIyaTa-
MM THAPOYIEKTPOCTAHIMIA, KOTOPBIE 0TPAXKAIOT 00CTOATEILCTBA O/1-
HOBPEMEHHOTr0 OTKJII0YeHHsI TYPOUH (3aKpbITHS 3aTBOPOB), B TO BpeMs
KAaK 0CTaJlbHbIe TYPOUHBI 3aKPBITHI 110 TEXHHYECKUM NPUYHHAM WJIH
M3-32 IKCILTYATAIIMOHHOI 0 PE3KOro NajeHus 10 COOTBETCTBYIOIIET0
MHMHHUMYMa CIIPOca HA pa0oTy TYpOMHBI B LeJISIX peryJIMpoBaHus U CO-
XpaHeHHs BOAbI. B pe3yibraTe Takux BO31elicTBHII BOSHUKAKOT H3Me-
HEHMNA JIOKAJIBHBIX JaBJICHHUI H OTOKOB B CHCTEMe, KOTOPbIe Io/JIe-
JKAT PACCMOTPEHHIO. DTH H APyrue npodaemMnl ObLIN MPOAHAINZHPO-
BAHBI ¢ IOMOIILI0O METOAA XaPAKTEPUCTHK.

KiroueBbie cj10Ba: ruipaBIn4YecKuil yaap, riAPo3JIeKTPOCTAHINAS, Me-
TOJ XapAKTEePUCTHK.
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