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2- Parsasadr, A., Ahmadi, A., & Keramat, A. (2014). Waterhammer caused by intermittent
pump failure in pipe systems including parallel pump groups. Ahvaz: Journal of Hydraulic

Structures (JHS). (colw jo i pds)
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1- water hammer
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1- Reciprocating Pump
2- Centrifugal Pump
3- Turbine Pump

4- Rotary Pump

5- Propeller Pump

6- Deep-well Pump

7- Sump Pump
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1- Power failure
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1- steady
2- unsteady

3- Transient fluid
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nu_pu: Number of pumps

_ OFH

"~ dv

Ctorg= (n/(15*dt)).*((NR./TR).*(1))

FHv

while tolerance>.0001
x=(m+atan2(v,a))/dx
WHx=interp1(0:1:88,WH,x)
WBx=interp1(0:1:88,WB,X)
Alx=A1(fix(x))
B1x=B1(fix(x))
Q1=v.*Qr
Q1=sum(Q)
FH=(Cp-C)-Q1*(Bp+Bm)+WHX.*Hg.*(a."2+v."2)
% FHv matrix
for m=1:nu_pu
for k=1:nu_pu
if m==k
FHv(m,k)=-(Bp+Bm)*Qr(k)+2*v(k)*WHx(k)*Hr(k)+ALx(K)*Hr(k)*a(k)
else
FHv(m,k)=-(By+Bm)*Qr(K)
end
end
end
% FHo matrix
for m=1:nu_pu
for k=1:nu_pu
if m==k
FHo(m,k)=2*a(k)*WHx(k)*Hgr(k)-v(k)* A1x(k)*Hg(K)
else
FHo(m,k)=0
end

Y



end
end
FT=(0."2+v."2).*WBx+Pig+Corq. *(t-00)
% FTv matrix
for m=1:nu_pu
for k=1:nu_pu
if m==k
FTv(m,k)=2*v(k)*WBx(k)+a(k)*B1x(k)
else
FTv(m,k)=0
end
end
end
% FTo matrix
for m=1:nu_pu
for k=1:nu_pu
if m==k
FTa(m,k)=2*a(k)* WBx(k)-v(k)*B1x(k)+Ciorq(K)
else
FTo(m,k)=0
end
end
end
%factor_answer matrix
factor(1:nu_pu,l:nu_pu)=FHv
factor(1:nu_pu,nu_pu+1:2*nu_pu)=FHa
factor(nu_pu+1:2*nu_pu,l:nu_pu)=FTv
factor(nu_pu+1:2*nu_pu,nu_pu+1:2*nu_pu)=FTa
answer(1:nu_pu,1)=-FH
answer(nu_pu+1:2*nu_pu,1)=-FT
%delta matrix
delta=factor”-1*answer
%v,0
dv(1,1:nu_pu)=delta(l:nu_pu,l)
v=v+dv
da(1,1:nu_pu)=delta(nu_pu+1:2*nu_pu,l)
a=o0+(da)
%tolerance

Y



t=abs(delta)
tolerance=sum(t)
end
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Abstract

The use of pumps linked in parallel or series in large scale pipe systems is usually
inevitable, to meet the required head and discharge. Transient flow occurs following a
pump failure in a pump group as a result of variations in the flow rate. The investigation of
the pressure variations following this pump failure excitation is of great interest for pump
station design purposes.

The purpose of this thesis is investigation about unsteady flow regime due to different
patterns of pump shut-down: one after another with a delay between and sudden failure of
the whole pump group and also offer the best algorithm for the shutting down the pumps
when they are connected in parallel or series to achieve the at least maximum pressure
head.

To investigate the unsteady flow regime in this case, examined almost all possible

scenarios for switching off the pumping system to reduce the maximum pressure and

increase minimum pressure head that input to system of piping.

Simulating the flow in the steady and unsteady states, the governing equations include
momentum and continuity of the fluid as well as pump relations. Method of Characteristics
(MOC) is used to solve the transient flow regime. It was combined with the pump relations
being the head balance equation across the pump and its rotational speed change relation at
any instant. The validity of the homogenous relations includes the fundamental assumption
allowing for seeking the pump characteristics at various speeds after shut down.

From the results one can find that the intermittent shut-down as opposed to suddenly
switching off the whole pump group produces much less waterhammer pressures. And also
in the intermittent shut-down with different pump characteristics, it is suggested to firstly
switch off the most powerful pump, and then the rest which are weaker. And on the other
hand, the interval between pump shut-down is one of the factors that influence on the

critical pressures. Appropriate interpretation about the transition results have been included.

Keyword: Water hammer, Power failure, intermittent shut-down, Parallel and series
pumping system, steady and unsteady flow, Method of Characteristics.
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