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Bursting with
A Compensator

A compensator adds eleasticity to rigid pipes.
Learn how to size this device that ahsorhs

the thermal expansion of a liguid
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ressure vessels and rigid pip-
ing systems are protected
against  overpressure  with
safety devices such as relief
valves and rupture discs. The absence
of such protection could result in cata-
stropic failure. Even a minimal degree
of overpressurization is a nuisance that
requires maintenance for recalibration
or replacement of the safety device
each time it relieves. Add a small appa-
ratus, the expansion compensator, to
the pipe or vessel, and a margin of
safety is added that prevents catastro-
phe. This article describes the applica-
tion and sizing of this unit, which is es-
sentially an add-on pressure vessel.

Liquid expands when exposed to a
rise in temperature. The temperature
change usually results from the nor-
mal variations in ambient tempera-
tures. When that liquid is trapped
within a rigid piping system, the con-
sequence is a rapid pressure rise,
since the liquid has no space for ex-
pansion. The result may be a spread
flange, a ruptured disk, a relief-valve
trip or a line burst.

Although the coefficient of expansion
varies from liquid to liquid, a small rise
in temperature can produce a signifi-
cant volumetric expansion. The expan-
sion can be relieved with a properly
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sized and properly installed compen-
sator. It will accumulate the expanded
material, thereby giving elasticity to
an otherwise rigid piping system. The
section of piping will experience a pres-
sure rise, but it is limited to a pre-cal-
culated set point, beneath that of the
system’s safety relief devices.

Construction
The vessels in Figure 1 have multiple
applications. They can act as thermal
volume-expansion compensators (the
main thrust of this article); pulsation
dampers attached to reciprocating
pumps; or surge absorbers to elimi-
nate hydraulic pressure spikes.
Basically, the compensator is a pres-
sure vessel that mounts directly on the
piping system. It comes in a variety of
shapes, sizes, and designs. Common to
all models is an internal, flexible ele-
ment, which separates the liquid-in-
service from a volume of (Ny) gas.
Some varieties are shown in Figure 1.
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IGURE 1. Thermal expansion
- compensators take a number of
shapes, sizes and designs. Stain-
less stesl is the most common ma-

{erial but they can also be fabri-
- caled of Hastelloy, titanium, Monel,
carbon steal and thermoset plastic

The most-common shell materials
are carbon steel and stainless steel.
Special alloys may be chosen when
warranted. Regardless of the size and
geometry of the vessel, all are de-
signed to comply with the applicable
pressure-vessel codes of Canada, Ger-
many, UK., and U.S. Wetted materi-
als are selected to be compatible with
contacted liquids.

The internal, flexible membranes
are equally diverse (Figure 2). Com-
mon elastomers, such as nitrile rub-
ber, EPDM or Viton rubber, are gener-
ally the least costly to craft into
bladder-like sacs. Teflon membranes
are instead formed into either disc di-
aphragms or bellows. Metal bellows
are used, when appropriate, for ag-
gressive process fluids.

How bad is the problem?

Start with the premise that liquids
are highly incompressible. If a line is
liquid-filled and completely blocked,




then a small expansion in the liguid
volume, cavsed by temperature in-
crease, will produce a very large pres-
SUrE Tise,

There is a way to estimate the mag-
nitude of thatl pressure rise, Consider
a pipe that contains 400 L of liguid and
a mas hubble of 4.04 L, The initial pres-
sure ig 1 har. Assume that the liguid
expands by 1%, or only 4 L; as a result,
the gas volume is compressed to 0.04
L. Estimate the pressure rise of the
gas bubble, assuming for simplicity
that the ideal-gas law is valid. Liguid
will abzorb the heat of compression, so
the temperature will be constant,

I|-'I-H = 4.0 f,

1i."-H::- = J04 400 =004 L
P;=10bar

P2 = PIVBI/VB2 = 101 bars (1)

This pressure won't be held for long;
something in the piping system will
blow open.

Sizing rules

The compensator provides a physical
place to store the expansion volume.
Both sides of the compensator exhibit
pressure increases, but not of the mag-
nitude of the bubble in the above exam-
ple. A much larger gas volume is used,
so the final volume does not get drasti-
cally small. The ideal-gas law is good
enough for these calculations because
pressures generally stay below 20 bars.

Here are the steps for sizing a com-
pensator:

1. Determine shut-in or initial vol-
ume, V;. Calculate V; as the sum of
the volume contained within individ-
ual pipe segments plus the volume of
any holding vessels within the en-
closed section.

2. Calculate a dimensionless num-
ber accounting for liquid densities. Di-
vide the high density (p;, found at the

lowest temperature) by the low den-
sity (py, found at the highest tempera-
ture). For the rare liquid that con-
tracts when heated,
relationships.

reverse these

S =(pylpal

3. Finding the expanded volume is a
simple caleulation:
Va = 8V

(3)

4. The expansion volume is the dif-
ference. This is the amount that lows
into the compensator,
Viei= Vo=V

2xp

(d)
5, Select a larger compensator from
a catalog,
6. Make sure that the fingl pressure
in the chosen compensator is within
design bounds.

Example
The method is best explained with an
example. Equivalent calculations

were used to size a vessel for an ethyl-
ene oxide application at a major chem-
ical plant in Baytown, Texas. This
case is simplified by using only two
pipe sections and one compensator.
The data are shown in Table 1.

A. Solve for shut-in (initial) system
volume. Equation 5 incorporates con-
versions, to make the result in liters.

2
v, = i el _ ®(7.797)" 10¢,
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Calculate the density ratio:
S=1,608/1564=1.028 (6)
Calculate the expanded volume:
Vo =SV;=680.5 @)
Vep=Vo-V; =185 (€))

B. Make an initial vessel-size selec-
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FIGURE 2. The flexible membrane can
take many forms. In the simplest and most
popular construction, it is an elongated
rubber bladder that is closed at one end.
Its purpose is to separate the process lig-
uid from the inert-gas precharge inside
the membrane. Membranes can also be
made of Teflon or stainless steel alloys

tion. It often takes a few iterations to
arrive at the best size compensator. In
this instance, we choose 100 L.
Compensators have to be precharged
to a pressure slightly higher than the
process. Associate it with the equiva-
lent of the lowest temperature, namely
10°C. The temperature of the gas in the
non-wetted side of the vessel will affect
pressure rise calculations. Thus,
Py=10.2
V=100
T;=273+10=283K
Precharge pressure = P, = 10.3 bars
If precharge is done indoors, where
the ambient is 20°C, then the pressure
that appears on the certificate must be:

Pp =Py, (273+20)/(283) = 10.664 (9)
The expansion volume will take up

d;, d, Diameter of pipe sections 1 and 2,
mm

I;, I Length of pipe sections 1 and 2, m
P; Inital pressure, bars
P, Final pressure, bars

Pg Precharge pressure at factory condi-
tions, bars

P ax Maximum allowable pressure, bars

SYMBOLS

Py Normal working pressure, bars
Ppc Precharge pressure, bars

§ Density ratio, p1/po, dimensionless
T; Coldest temperature, K

T, Hottest temperature, K

V; Shut-in (initial) volume of piping, L
V, Expanded volume of the liquid, L
V,, Compensator vessel capacity, L

Vg1 Bubble volume at inifial
pressure, L

V32 Bubble volume at final pressure, L
Vexp Expansion volume, V-V, L
Vimin VA — Vexp: L, see Equation 10
p1 Liquid density corresponding fo the
lowest temperature, kg/m3

pa Liquid density corresponding o the
highest temperature, kg/m?3
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TABLE 1. INPUT DATA

Process: Fluid2:

Normal working Name: Ethylene oxide

pressure: Py=10.2bars | pensity at 10°C pq = 1,608 kg/m3

Maximum allowable Density at 30°C pa = 1,564 kg/m3

pressure: Pmax = 16.6 bars Pipes:

Minimum Number of sections: Two

temperature: T;=10°C =283 K Section 1 d; =77.97 mm

Maximum _ l; =100 m

temperature: T, = 30°C = 303 K Section 2 dy =52.58 mm
lpb=85m

Notes: 1. Make the precharge to a pressure slightly higher, than Py, when temper-
ature is at the coldest 2. Densities were measured in client’s laboratory

| Vewp = 710.6 - 662.0 = 48.6

How much?
The fluid densities were calcu-
lated by straight line extrapolation.
See the box above. If you can look up
exact values, don’t use this shortcut.
Test 60°C with p = 1,498 kg/m3
S =1,608/1,498 = 1.073

Vo =1.073 X 662.0 = 709.9

(18)

(14)

(15)

Py =(10.3X100%333)/(283%51.4)

=23.6

This is above maximum allowed.
Test 40°C with p = 1,542 kg/m3

R =1,608/1,542 = 1.043

Vy=1.043 X 661.6 = 690.5 L

Vexp = 690.5 - 662.0 = 28.5

Py =(10.3X100X313)/(283%71.5)
=159

(16)

am

(18)
19)

(20)

This is within the allowable range.
Repeat iterating and the maximum
temperature is found to be 43°C, at
16.2 bars. n

Edited by Peter Silverberg

EXTRAPOLATING DENSITY

When the density data are available at
two low temperatures, linear extraplation
is one way fo estimate density at a higher
temperature. Two values connected with
the excmple will be calculated.
p=p +(“T‘i]—)(P2 -p1)
B

All numerical values are known except p
and T. Simplified equation:

p = 1,608 + (T— 283) X
(1,564 - 1,608)/20

(21)

=1,608 - 2.203 (T— 283) (22)
For 60°C = 333 K; p = 1,498
For 40°C=313K; p = 1,542 m)
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