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8.3 Design and application
8.3.1 Purpose

This section is to provide general guidelines for
the application of direct acting (steam) pumps.

8.3.2 Typical services

Direct acting (steam) pumps should be con-
sidered whenever a motivating medium (steam or
other gas) at sufficient pressure is economically
available or wherever other means of driving the
pump, such as electric motors or combustion en-
gines, are deemed hazardous. They are par-
ticularly suitable when steam at boiler pressure
must be “let down” to lower pressure for heating
purposes, since the direct acting (steam) pump
acting as the pressure-reducing device provides
pumping service for negligible energy cost.

8.3.3 Piston or plunger speeds

Basic speeds of direct acting (steam) pumps for
general service on cool liquids not exceeding 250
SSU (55 centistokes) viscosity are as follows:

Stroke length Basic speed
Feet/ |Meters/ Strokes/| Cycles/
Inches| mm |minute | minute| minute | minute
3 75 37 11 148 74
4 100 47 14 140 70
5 125 53 16 128 64
6 180 58 18 116 58
8 200 67 20 100 50
10 250 74 23 88 44
12 300 81 25 82 41
14 350 87 27 74 37
16 400 92 28 68 34
18 450 97 29 64 32
20 500 100 30 60 30
24 550 106 32 52 26

Speeds of direct acting (steam) pumps handling
viscous liquids, as a percentage of the basic
speeds, are as follows:

Viscosity Correction
SsuU Centistokes % of basic speed
1000 215 90
2000 430 80
4000 865 70
6000 1300 62
8000 1725 55
10000 2160 50

For an intermediate viscosity, interpolate be-
tween above values.
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8.3.4 Acceleration head (hacc) — acceleration
pressure (Pacc)

Acceleration head or pressure is a system
phenomenon associated with both direct acting
pumps and reciprocating power pumps, due to the
acceleration and deceleration of the liquid in the
suction piping of these types of pumps.

Acceleration head or pressure is often thought of
as being a loss, and it is treated as such when
calculating NPSHA; but the pressure drop caused
by the acceleration is offset by the increase in
pressure when the liquid decelerates. Therefore,
the average pressure in the suction line is calcu-
lated without consideration of acceleration head.

Total suction lift, as defined in Paragraph 8.2.3.5,
represents the average without reference to the
fluctuations abcve and below this average due to
the inertia effect of the liquid mass in the suction
line. With higher speed of the pump or with rela-
tively long suction lines, this pressure fluctuation
or acceleration head must be taken into account
if the pump is to fill properly without cavitation,
pounding or vibration of the suction line.

The low speeds of direct acting pumps normally
keep acceleration head low enough for satisfac-
tory operation. However, it is desirable to perform
an acceleration head calculation to ensure proper
pump operation is obtained.

With a direct acting pump, maximum piston or
plunger acceleration occurs at the start or the end
of each individual stroke. This is reflected in a
similar discontinuity in the cyclical pattern of the
combined flow curve corresponding to each pis-
ton or plunger. The head required to accelerate
the liquid column is a function of the length of the
suction line, the average velocity in this line, the
pump speed, pump type, and the relative elas-
ticity of the liquid and pipe and may be calculated
as follows:

IvnCs
2.31kg

(US units) hace = 2C

Ko or pacc =

Where:
hace = Acceleration head in feet;
pacc = Acceleration pressure in psi;
| = Length of suction line in feet;
v = Velocity in suction line in fps;

n = Pump speed in rpm;
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C = 0.200 for simplex double-acting;
C = 0.060 for duplex double-acting;

K = A factor representing the reiative compres-
sibility of the liquid;

(K = 1.4 for hot water, K = 2.5 for hot oil);
g = Gravitational constant, 32.3 ft/sec?.

NOTE — This calculation provides a conservative

estimate of acceleration head losses in piping

lengths up to 50 feet.
A pulsation dampener properly charged and in-
stalled near the pump with a short, full-size con-
nection to the pump or suction pipe can absorb
the cyclical flow variation and reduce the low-
frequency (0-35 HZ) pressure fluctuation in the
suction pipe to that corresponding to a length of
5 to 15 pipe diameters.
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There is a similar pressure fluctuation on the
discharge side of every direct acting pump, but it
cannot be analyzed as readily because of the
pressure infiluence on liquid and piping elasticity
plus the smaller diameter and much greater
length of the discharge line in most applications.
However, a pulsation dampener can be just as
effective in absorbing the flow variation of the
discharge side of the pump as on the suction side
and should be used if low-frequency pressure
fluctuation or piping vibration is a problem.

Pressure fluctuations due to higher-frequency
acoustic resonances may be reduced by the ad-
dition of all-liquid filters or orifice plates. Correct
sizing and location of such devices can only be
accomplished as part of a pump/system acoustic
analysis.
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