
3.2 Pumps

Liquid and dilute slurries are almost pumped through pipe systems. Pumps can be
classified into two general types:

1 Dynamic pumps, such as centrifugal pumps

2 Positive displacement pumps, such as reciprocating and diaphragm pumps

The single-stage, horizontal, overhung, centrifugal pump is by far the most com-
mon type in the chemical process industry. Positive displacement metering pumps
are used when small flow rates of additives must be fed to a process. In addition,
positive displacement is also required when there is a need for variable flow rates and
power consumption efficiency is important.

3.2.1 Pump selection

Pump selection is made on the flow rate and head required together, with other
process consideration, such as corrosion or the presence of solids in the fluid.

Table 3.1: Normal operating range of pumps

Types range (m3/h) Typical head(m of Water)
Centrifugal 0.25-103 10-50

Reciprocating 0.5-500 50-200
Diaphragm 0.05-50 5-60

Rotary (gear and similar) 0.05-500 60-200
Rotary (sliding and vane) 0.25-500 7-70

3.2.2 Power Requirements for pumping liquids

To transport a liquid from one vessel to another through a pipeline, energy has to
be applied to:

1 Overcome the friction losses in the piping system

2 Overcome the miscellaneous losses in the pipe fittings
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3 Overcome the losses in process equipment

4 Overcome any differences in elevation from end to end

5 Overcome and difference in pressure between the vessels at each end of the pipe
line.

The total energy required can be calculated from the energy equations:

gΔz +ΔP/ρ−ΔPf/ρ−W = 0 (3.5)

where W= work done by the fluid, J/kg, Δz is the difference in elevation (z1 − z2),
m, ΔP is the pressure difference in the system (P1−P2), N/m2, ΔPf is the pressure

drop due to the friction and others(ΔPf = 8f(L/di)
ρu2

2
), N/m2, ρ is the liquid

density, kg/m3, and g is the acceleration due to the gravity m/s2.

If W is negative a pump is required; if positive a turbine could be installed to
extract energy from the system.

The head required from the pump can be estimated according to the following:

Head required from the pump = ΔPf/ρg −Δz (3.6)

3.2.3 Pumps’ basic relationships

The power required is given by:

Power = (W ×m)× 100/ηp (3.7)

where m is the mass flow rate (kg/s), and ηp is the pump efficiency (%).

For an incompressible fluid the power required can also be written as follows:

Power =
ΔP ×Q

ηP
× 100 (3.8)

where ΔP is the pressure differential across the pump (N/m2), and Q is the volumet-
ric flow rate (m3/s). When a pump is used as a hydraulic power recovery turbine,
the work delivered is given by:

Power delivered = (W ×m)× ηt (3.9)
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where etat is the turbine efficiency

Different variables are involved in the pump theory are listed as follows:

D diameter of impeller (ft or m)

h output head (ft or m)

N rotational speed (l/sec)

P output power (HP or kW)

Q volumetric discharge rate (cfs or m3·sec−1)

µ viscosity (Ib ·ft−1·sec−1 or N·sec·m−2)

ρ density (Ib·cuft−1 or kg·m−3)

� surface roughness (ft or m)

The dimensional analysis of the aforementioned variable are expressed as follows:

gH/n2D2 = φ1(Q/nD3, D2nρ/µ, �/D) (3.10)

Ṗ /ρn3D5 = φ2(Q/nD3, D2nρ/µ, �/D) (3.11)

The group D2nρ/µ is the Reynold number and �/D is the roughness ratio. Three
new groups are arisen which are named:

Capacity coefficientCQ = Q/nD3 (3.12)

Head coefficientCH = gH/n2D2 (3.13)

Power coefficientCṖ = Ṗ /ρn3D5 (3.14)

The hydraulic efficiency is expressed by these coefficients as:

η = ghρQ/Ṗ = CHCQ/Ṗ (3.15)

Two different set of operations are related as below since geometrically similar
pumps have similar dimensionless group.

Q2/Q1 = (n2/n1)(D2/D1)
3 (3.16)
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H2/H1 = (n2D2/n1D1)
2 (3.17)

Ṗ2/Ṗ1 = (ρ2/ρ1)(n2/n1)
3(D2/D1)

5 (3.18)

Centrifugal pumps are characterized by their specific speed. In the dimensionless
form, specific speed is given by Equation 3.19:

Ns = NQ0.5/(gh)0.75 (3.19)

Pump manufacturers do not generally use the dimensionless specific speed, but
define the impeller specific speed by the equation:

Ṅs = NQ0.5/(gh)0.75 (3.20)

where Ṅs is rotational speed per minute, Q is the flow, US gal/min, h is the head,
in ft.

Example

(H.W) A Tanker carrying toluene is unloaded, using the ships pump, to an onshore
storage tank, The pipeline is 225 mm internal diameter and 900 m long. Miscella-
neous loss due to fittings, valves, etc. , amount to 600 equivalent pipe diameters.
The maximum liquid level in the storage tank is 30 m above the lowest level in the
ship’s tank. The ships tanks are nitrogen blanketed and maintained at pressure 1.05
bar. The storage tank has a floating roof, which exerts a pressure of 1.1 bar on the
liquid.

The ship must unload 1000 metric tons within 5 hours to avoid demurrage charges.
Estimate the power required by the pump. Take the pump efficiency 70%.

Physical properties of toluene: density 874 kg/m3, viscosity 0.62 mN·m2

Extra information: Absolute roughness commercial steel pipes=0.046mm, friction
factor f=0.0019

Solution:

Cross sectional area of pipe =
Π

4
× (225× 10−3)2 = 0.0398m2
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Minimum velocity =
1000× 103

5× 3600
× 1

0.0398
× 1

874
= 1.6m/s

Absolute roughness commercial steal pipes = 0.046 mm

Relative roughness= 0.046/225=0.0002

Friction factor f =0.0019

Total length of pipeline, including miscellaneous losses =900+600 × 225×10−3

Friction loss in pipeline:

ΔPf = 8f(L/di)
ρu2

2
) = 78221N/m2

Maximum difference in elevation = z1-z2

=0-30 =-30m

Pressure difference =1.05-1.1

=-5× 10−3 N/m2

Energy balance:

9.8× -30+(-5×103)/874-78221/874-W=0

W=-389.2 J/kg

Power=389.2×55.56/0.7=30981

W=31kW

3.3 Mechanical design of piping systems

3.3.1 Piping system design codes

Most of the codes that are used for pressure piping are those set by the ASME B31
committee. Different standards are used for different purposes. Oil refinery and most
chemical plant are designed according to the ASME B31.3.

The ASME code can be apply to piping for raw, refrigerants, and cryogenic fluids.
Table 3.2 shows different codes for different services.
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