
Chapter 3

Fluid Transport Equipment

Although liquids particularly can be transported by operators carrying buckets, the
usual mode of transport of fluids is through pipelines with pumps, blowers, compres-
sors, or ejectors. Those categories of equipment will be considered in this chapter. A
few statements will be made at the start about piping, fittings, and valves, although
for the most part this is information best A gleaned from manufacturers catalogs.

3.1 Piping

Dimensional standards, materials of construction, and pressure ratings of piping for
chemical plants and petroleum refineries are covered by ANSI Piping Code B31.3
which is published by the ASME, latest issue 1980. Many details also are given
in such sources as Cracker and King, Piping Handbook (McGraw-Hill, New York,
1967), Perrys Chemical Engineers Handbook (1984), and Marks Standard Handbook
for Mechanical Engineers (1987).

3.1.1 Valves

Valves used for chemical process plant can be divided into two broad classes, de-
pending on their primary function:

1 Shutoff valves (block valves or isolation valves), whose purpose is to close off the
flow(Gate, Plug, and ball valves are used for this purpose).

2 Control valves, both manual and automatic, used to regulate the flow.
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3.1.2 Control valves

Control valves have an orifices that can be adjusted to regulate the flow of fluid
through them. Different factors must be considered when pumps are required for a
certain process:

1 Capacity

2 Characteristics

3 Rangeability

4 Recovery

5 Pressure drop

6 Type of valves

3.1.2.1 Capacity

Capacity is represented by a coefficient as follows:

Cd = Cv/d
2 (3.1)

where d is the diameter of the valve, Cv is the orifice coefficient which can be obtained
as follows: For liquid:

Q = Cv

�
(P1 − P2)/ρw (3.2)

Q = 22.7 · Cv

�
(P1 − P2) · P2/ρa · T when P1/P2 > 0.5 (3.3)

Q = 11.3 · Cv · P1/
�

ρa · T when P1/P2 < 0.5 (3.4)

whereQ is the volumetric flow rate of liquid in (gal·min−1), P1 and P2 are the pressure
in (psi), Cv is the orifice coefficient, ρw is the specific gravity relative to water. ρa is
the specific gravity relative to air.
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3.1.2.2 Characteristics

Characteristic is the relation between the valve opening and the flow rate. Figure
3.1 represents the three most common forms. The shapes of plugs and ports can be
designed to obtain any desired mathematical relation between the pressure on the
diaphragm, the travel of the valve stem, and the rate of flow through the port.

Linear behavior is represented mathematically by Q = kx and equal percentage
by Q = k, exp(k, x), where x is the valve opening.

Quick-opening is a characteristic of a bevel-seated or flat disk type of plug; over
a limited range of 10-25% of the maximum stem travel is approximately linear.

Figure 3.1: The relation between the valve opening and the flow rate represent the
three most common forms
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3.1.2.3 Rangeability

Rangeability is the ratio of maximum to minimum flows over which the valve can
give good control. This concept is difficult to quantify and is not used much for valve
selection. A valve generally can be designed properly for a suitably wide flow range.

3.1.2.4 Recovery

Recovery is a measure of the degree of pressure recovery at the valve outlet from
the low pressure at the vena contracta. When flashing occurs at the vena contracta
and the pressure recovery is high, the bubbles collapse with resulting cavitation and
noise.

3.1.2.5 Pressure drop

Good control requires a substantial pressure drop through the valve. For pumped
systems, the drop through the valve should be at least l/3 of the pressure drop in
the system, with a minimum of 15 psi. When the expected variation in flow is small,
this rule can be relaxed. In long liquid transportation lines, for instance, a fully open
control valve may absorb less than 1% of the system pressure drop.

3.1.2.6 Types of valve

Figure 3.2 shows some kind of valves are used in chemical industry. Most flow control
valves are operated with adjustable air pressure on a diaphragm, as in Figure (d),
since this arrangement is more rapid, more sensitive and cheaper than electrical
motor control. Double-ported valve (d) gives better control at large flow rates; the
pressures on the upper and lower plugs are balanced so that less force is needed to
move the stem. The single port (e) is less expensive but gives a tighter shutoff and
is generally satisfactory for noncritical service. The reverse acting valve (f) closes on
air failure and is desirable for reasons of safety in some circumstances.
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(a) (b) (c)

(d) (e) (f)

Figure 3.2: Some kinds of manual and automatically controlled valves. (a) Gate
valve, for the majority of applications. (b) Globe valve, when tight shutoff is needed.
(c) Swing check valve to ensure flow in one direction only. (d) A pressure relief valve,
in which the plug is raised on overpressure. (e) A control valve with a single port.
(f) A double-port, reverse-acting control valve.

Example H.W.

The feed media to fermentation reactor consists of glucose solution with added nu-
trients and has a specific gravity of 1.03 at 40 oC. Determine the size of control valve
to use for a normal design flow rate of 0.2 m3/h if the valve sized with pressure drop
of 1.25 bar.

Solution
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