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Introduction

Usually, the fluid produced from the wellhead is a
complex mixture of hydrocarbon compounds, each
of which has its own physical properties. Therefore,
the standard design of industrial multiphase separators
that have the highest operational efficiency of
separation is one of the challenges in the field of
exploitation of oil and gas fields. The first relations of
multiphase separator design theory were proposed by
Soders and Brown [1]. The apparent velocity of the
gas was calculated using the equations presented by
Soders and Brown [1]. Other researchers have taken
advantage of this by changing the quasi-experimental
relationship proposed by Soders and Brown [1]. In
1987, Chilingarian et al [2] proposed a method for
designing multiphase separators that was mostly
experimental and operational. Their method was
based on the principle of what is the volume of the
separator to be able to accommodate the flow of gas
and liquid, not the design to be the best separation.
In 1993, Monnery and Svrcak [3] introduced quasi-
experimental relationships for the design of horizontal
and vertical multiphase separators. In 2007, Mr.
Boyango et al [4] proposed a way to select (rather
than design) an industrial multiphase separator. In this
method, using a table of standard separators and a few
simple formulas, the appropriate separator is selected,
which is one of the most important shortcomings
of this study is the lack of standard dimensions of
multiphase separators. In 2014, Arnold and Stewart [ 5]
in their book, presented the separation design in theory

Accepted: April/18/2021

and practice. According to the results obtained from
multiphase separator design and comparison with real
dimensions, the best method for separator dimension
design is Arnold and Stewart method [5].

Materials and Methods
Separator Design

Separator design means determining its diameter
and length and designing its internal components.
The following equation is presented to determine the
dimensions of the separator based on the simplified
assumption of droplet fall at a constant velocity.
TZ
dXLe/f :420& [pg]CD (1)
P PP, )d,
The following equation should be used to design a
separator based on the liquid capacity constraint.

d’ xL, =0, (2

Dimensional Analysis

The method of dimensional analysis, based on the
principle of dimensional similarity, tries to turn
a physical problem into a problem consisting of
dimensionless committees. Using the dimensional
analysis method, the number of parameters affecting
the problem is reduced so that the problem can be
explained with fewer and dimensionless variables. The
parameters affecting the separation are:
n=f©Q.p,tt,.d,L.d, . gAp) (3)
Finally, dimensionless groups for the problem of
separating the liquid phase from the gas flow in a two-
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phase separator are obtained and have been shown in
Table 1:
Table 1 dimensionless numbers.

s Apd 'L
=gApdp I, = 'ugdp H;dep 1—14:g P,

0’pg " 0pg d Ou.d

1

Interpretation of Experimental Results

According to the results obtained from the laboratory
separator, the dimensions obtained by the Arnold-
Stewart method are compared with the actual
dimensions, the result of which is shown in Table 2.

Results and Discussions
Correction Coefficient of Design Method

According to the results obtained for the adsorbed
droplets in the filter, the correction factor diagram (o)
based on the droplet diameter is presented in Table 2.
Also the trend of correction factor (a) is illustrated in
Figure 1:

Table 2 Correction factor vs droplet diameter

. L real) | L (desined) | Correction
dp(mlcron) (r;‘:m) e (r;ﬁril) : factor(a)
129 900 552 1.63
138 900 511 1.76
175 900 344.8 2.61
260 900 176.1 5.11
320 900 124.6 7.22
450 900 70.4 12.78

§ 1 e

dp

Fig. 1 Correction factor vs droplet diameter.

Finally, considering the presented diagram, the
following equation was determined for the correction
coefficient of the Arnold-Stewart relation in order to
correct the design results obtained from this method.

The improved Arnold-Stewart equation was changed
as follows:

7
dxL, —420(a) P8 | _Pe_|Co 5)
' P PP, )d,

It should be noted that the length obtained from the
gas and liquid capacity constraint is the effective
separation length. But for uniform flow distribution,

the main length of the separator, known as the weld-to-

weld length, must be slightly larger than its effective

length. The following equation is used to obtain the

weld to weld length:
4

L= gLeff

(6)

Industrial Separator Design

To design an industrial separator, we must have the
field conditions of two-phase current. For this reason,
using the production flow information of one of the
wells in South Pars field which is presented in Table 3,
a suitable separator was designed for this well.

Table 3 operational conditions.

TC) | P(Pa) | s pPas) | P | P, Q,

0.000016 | 628 99 | 37.216

203 | 12500194

Using dimensional groups related to length and
diameter, the length and diameter of the industrial
separator for separating droplets larger than 750pum
were obtained.

d, R 0.0001(m) _ 0.00075(m )

.= —d =190(m) (6)
d " 0.254(m) d

Therefore, using the above equation, the diameter
of the industrial separator will be 1.90(m). In the
next step, using the relationship between gas-flow
and slenderness ratio, the appropriate length for the
industrial separator is selected.

Apd ‘L
=%a£=2.64%8ﬂ =5.016(m) > L, =5.17(m)
Qud d :

H4

(7
According to the available information, the length of
the weld to the separator used in the industry with the
stated specifications for the fluid leaving the well is 5
meters. Therefore, the designed length and diameter
have an error of less than 4 percent compared to the
real case.

Conclusions

Examining the history of classical methods of
industrial multiphase separator design, it was found
that the classical method can be used as the initial
design of the separator. Using the results of the
laboratory separator test, the modified Arnold-Stewart
relationship with the correction factor was presented.
Also, using the properties of the fluid produced in
the field, the necessary dimensions for the industrial
separator were presented by the dimensional analysis
method. According to the available information on
the dimensions of the separator used in the industry,
the design error is less than 4 percent. As can be seen,
using the principle of similarity and also with the
help of dimensional analysis method, it is possible to
properly design the dimensions of industrial separators
for oil and gas fields with very low error.
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