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Transportation

Pump switch 
frequency control

uring oil transportation by pipeline, changes in the 

combination of pumps are often required. Recently, 

the focus has been on minimizing energy consumption 

costs. This paper looks at some indirect methods to 

control the frequency of pump switches.

The cost of pump maintenance and 

instantaneous impulse current is often 

neglected. Considering that instanta-

neous energy consumption cannot be 

calculated easily, nor can pump-mainte-

nance cost be predicted, it is impossible 

to build a model and take the sum of 

the instantaneous energy consumption 

cost, the operating cost, together with 

water-distribution systems and provided 

a Dynamic Programming (DP) optimiza-

tion algorithm to solve it. To some 

extent, the method above may reduce 

the total number of pump switches, 

while the operation schemes may 

have a weak correlation. Besides, once 

the limit is achieved, the pump's 

scheme cannot be changed during the 

rest time, which may lead to an imprac-

tical situation.

Kang (2003) put forward an operation 

strategy that aims at maintaining the 

pump's scheme along the pipeline 

unless there is a need to change. While 

the strategy would lower the frequency 

of pump switches, it may lead to a 

waste of energy when the power 

provided by the pumps is far above the 

requirement of the pipeline, especially 

when this process would last for quite a 

long period until the start of the next 

variation of the pump's scheme.

In this paper, under a given batch plan, 

a pump-operation schedule was 

proposed based on a couple of 

restricted times for the pumps, which 

can eff ectively solve the problem of 

frequent pump switches. 

The research in this paper would be 

benefi cial to improve the operational 

management standard of a product 

oil batch transportation pipeline, as 

well as decrease the energy 

 consumption cost.

the pump-maintenance cost, as the 

objective. However, there exists some 

indirect methods to achieve the poten-

tial of controlling the frequency of 

pump switches.

Lansey (1994) built a model in which the 

total frequency of switches of the pump 

is limited during the operation period for 

Oil transportation by pipeline.  (Image courtesy of pan demin/Shutterstock)
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Basic principles for pump 

switches

The transportation schedule is usually 

drawn up by the pipeline planners 

before the transmission period when 

the available supplement of the refi nery 

is certain and the requirement of the 

sales market is explicit. For the sake of 

establishing an operation scheme, the 

whole operation period should be 

divided into several intervals by types of 

event nodes, such as a start injection 

moment, an end injection moment, a 

start distribution moment, an end distri-

bution moment and a batch interface 

passed station moment.

During each of those intervals, a group 

of pumps' operation schemes, as the 

guidance for operating the pipeline in 

practice, should be worked out sepa-

rately. For the purpose of maintaining 

the stability between any of the adja-

cent intervals, several basic principles 

are put forward as follows:

Once a pump starts running, it must 

keep on operating for a certain period.

Once a pump is shut down, it must not 

be re-activated before a certain period.

When a practical pump's operation 

scheme for a station cannot be achieved, 

the limited conditions can be relaxed.

The limited values are reset to their 

default ones at the beginning of each 

interval.

Mathematical model for an 

interval

The minimum operation energy 

consumption (W) of the pipeline during 

a certain interval (from moment t1 to t2)

as selected as the objective function, 

which can be written as Equation 1.

W =     Σ ρi Qi     Σ                    
g(t2 - t1)                   H i,j

1000                   η i,ji=1                   j=1

 I                           Ji

(            ) (1)

Where I and Ji are the total amount of 

stations and the number of pumps 

within the station is i. H and η are the 

head of the pump and the effi  ciency of 

the pump, respectively. Qi is the fl ow 

rate of the pipeline at station i.  ρi is the 

density of the oil at station i. g is the 

acceleration of gravity. 

 Where Pi
in is the inlet pressure of a 

station, ps means the throttling loss of 

a station, hj, pf, pz are the head caused 

by local friction drag, the stream-wise 

pressure drop and the gravity pressure 

diff erence of a pipe, respectively. 

The inlet pressure (Pi
in) constraint of a 

station is:

Pi in- min ≤ P iin ≤ Pi in-max  (3)

The outlet pressure (Pi
out) constraint of a 

station is:

Piout ≤ Pi out-max  (4)

The stream-wise pressure drop (Pi
ƒ) of 

pipe i can be expressed as:

Pi
ƒ = g Σ (                            )

ρi,s    (Qi)2-mi,s
 (ν i,s)mi,s

(Di) 5-mi,s

s

s=1

 (5)

Where S is the quantity of batch(es) in 

pipe i. ν refers to the kinematic viscosity 

of the oil. D and L are the diameter and 

the length of the pipe. β and m are 

parameters which are in relation to the 

fl ow regime of the liquid.

The gravity pressure diff erence (Pi
z) 

between stations can be expressed as:

Pi
z = g Σ (              )Z 

i,s    - z 
i,s-1   (6)

s

s=1

 

Where z is the altitude of a station. 

Considering the restriction of the 

minimum rest period, the pump state of 

each pump station can be expressed as:

cpi,j = {            0 or 1,        t-t i,j ≥ [ts ]

0,                 t-t i,j ≥ [ts ]

s

s
(7)

Considering the restriction of the 

minimum continuous running period, 

the pump state of each pump station 

can be expressed as:

cpi,j = {            0 or 1,        t-t i,j ≥ [tr ]

1,                 t-t i,j ≥ [tr ]
r

 
(8)

Where Cpi,j is the state (running or rest) 

of pump j of station i, ts
i,j and tr

i,j are the 

latest moment when pump j of station i 

is shut down and started respectively.

The relaxation of the restriction of 

minimum continuous rest and running 

period can be expressed as:

[ts ]' = ƒ([ts])  (9)

[tr ]' = ƒ([tr])  (10)

Noting that f and g may be diff erent, 

they can be any form of attenuation 

functions, such as polynomial functions, 

exponential functions, logarithmic 

functions, etc.

The transportation schedule is 
drawn up by pipeline planners.  
(Image courtesy of pan demin/
Shutterstock)

P1
in + gΣρi (ΣH i,j)= pn +Σ Δpi

s+g Σpihi
j+Σ(pi ƒ+ pi
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