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6 Installation requirements

6.1 General

General installation requirements for pressure differential devices are given in Clause 7 of 1ISO 5167-1:— and
should be followed in conjunction with the additional specific requirements for orifice plates given in this clause.
The general requirements for flow conditions at the primary device are given in 7.3 of IS0 5167-1:—. The
requirements for use of a flow conditioner are given In 7.4 of 1ISO 5167-1.—. For some commonly used fittings,
as specified in Table 3, the minimum straight lengths of pipe indicated may be used and detailed requirements
are given in 6.2. However, a flow conditioner as specified in 6.3 will permit the use of a shorter upstream pipe
length; moreover, a flow conditioner shall be installed upstream of the orifice plate where sufficient straight
length to achieve the desired level of uncertainty is not available. Downstream of a header the use of a flow
conditioner is strongly recommended. Many of the lengths given in 6.2 and all lengths given in 6.3.2 are based
on data included in Reference [8] of the Bibliography. Additional work which contributed to the lengths in 6.2 is
given in References [9] and [10].

6.2 Minimum upstream and downstream straight lengths for installation between various
fittings and the orifice plate

6.2.1  The minimum straight lengths of pipe required upstream and downstream of the orifice plate for the
specified fittings in the installation without flow conditioners are given in Table 3.

6.2.2 When a flow conditioner is not used, the lengths specified in Table 3 shall be regarded as the
minimum values. For research and calibration work in particular, it is recommended that the upstream values
specified in Table 3 be increased by at least a factor of 2 to minimize the measurement uncertainty.

6.2.3 When the straight lengths used are equal to or longer than the values specified in Columns A of
Table 3 for “zero additional uncertainty”, it is not necessary to increase the uncertainty in discharge coefficient
to take account of the effect of the particular installation.

6.2.4 When the upsiream or downstream straight length is shorter than the value corresponding to “zero
additional uncertainty” shown in Columns A and either equal to or greater than the “0,5 % additional
uncertainty” value shown in Columns B of Table 3 for a given fitting, an additional uncertainty of 0,5 % shall be
added arithmetically to the uncertainty in the discharge coefficient.

6.2.5 This part of ISO 5167 cannot be used to predict the value of any additional uncertainty when either

a) straight lengths shorter than the “0,5 % additional uncertainty” values specified in Columns B of Table 3
are used, or

b) both the upstream and downstream straight lengths are shorter than the “zero additional uncertainty”
values specified in Columns A of Table 3.

6.2.6 The valve shown in Table 3 shall be set fully open during the flow measurement process. It is
recommended that control of the flowrate be achieved by valves located downstream of the orifice plate.
Isolating valves located upstream of the corifice plate shall be set fully open, and these valves shall be full bore.
The valve should be fitted with stops for alignment of the ball in the open position. The valve shown in Table 3
is one which is of the same nominal diameter as the upstream pipe, but whose bore diameter is such that a
diameter siep is larger than that permitted in 6.4.3.

6.2.7 In the metering system, upstream valves which are match bored to the adjacent pipework and are
designed in such a manner that in the fully opened condition there are no steps greater than those permitted
in 6.4.3, can be regarded as part of the metering pipework length and do not need to have added lengths as in
Table 3 provided that when flow is being measured they are fully open.
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6.2.8 The values given in Table 3 were determined experimentally with a very long straight length of pipe
upstream of the fitting in question so that the flow immediately upstream of the fitting was considered as fully
developed and swirl-free. Since in practice such conditions are difficult to achieve, the following information
may be used as a guide for normal installation practice.

a)

b)

c)

d)

If several fittings of the type covered by Table 3, treating the combinations of 20° bends already covered
by these tables as a single fitting, are placed in series upstream of the orifice plate the following shall be
applied.

1) Between the fitting immediately upstream of the orifice plate, fitting 1, and the orifice plate itself there
shall be a straight length at least equal to the minimum length given in Table 3 appropriate for the
specific orifice plate diameter ratio in conjunction with fitting 1.

2) In addition, between fitting 1 and the next fitling further from the orifice plate (fitting 2), a straight
length at least equal to half the product of the diameter of the pipe between fitting 1 and fitting 2 and
the number of diameters given in Table 3 for an orifice plate of diameter ratic 0,67 used in
conjunction with fitting 2 shall be included between fittings 1 and 2 irrespective of the actual g for the
orifice plate used. If either of the minimum straight lengths is selected from Column B (i.e. prior to
taking the half value from fitting 1 fo 2 of Table 3, a 0,5 % additional uncertainty shall be added
arithmetically to the discharge coefficient uncertainty.

3) If the upstream metering section has a full bore valve {as in Table 3) preceded by another fitting, e.g.
an expander, then the valve can be installed at the outlet of the 2nd fitting from the orifice plate. The
required length between the valve and the 2nd fitting according to 2) should be added to the length
between the orifice plate and the 1st fitting specified in Table 3; see Figure 6. It should be noted that
G.2.8 b) shall also be satisfied (as it is in Figure G).

In addition to the rule in a) any fitting, treating any two consecutive 90° bends as a single fitting, shall be
located at a distance from the orifice plate at least as great as the distance given by the product of the
pipe diameter at the orifice and the number of diameters required between that fitting and an orifice plate
of the same diameter ratio in Table 3, regardless of the number of fitlings between that fitting and the
orifice plate. The distance between the orifice plate and the fitting shall be measured along the pipe axis.
If, for any upstream fitting, the distance meets this requirement using the number of diameters in
Column B but not that in Column A then a 0,5 % additional uncertainty shall be added arithmetically to the
discharge coefficient uncertainty, but this additional uncertainty shall not be added more than once under
the provisions of a) and b}).

It is strongly recommended that a flow conditioner (see 7.4 of ISO 5167-1:2003) should be installed
downstream of a metering system header (e.g. one whose cross-section area is approximately equal to
1,5 times the cross sectional area of the operating flow meter tubes) since there will always be distortion
of the flow profile and a high probability of swirl.

When the second (or more distant} fitting from the orifice is a combination of bends, then in applying

Table 3 the separation between the bends is calculated as a multiple of the diameter of the bends
themselves.
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Figure 6 — Layout including a full bore valve for 5= 0,6

6.2.9 By way of example, three cases of the application of 6.2.8 a} and b) are considered. In each case, the
second fitting from tha orifice plate is two bends in perpendicular planes (the separation between the bends is
10 times the diameter of the bends) and the orifice plate has diameter ratio 0,4.

6.2.9.1 If the first fitting is a full bore ball valve fully open [see Figure 7 a)], the distance between the
valve and the orfice plate shall be at least 12D (from Table 3) and that between the two bends in
perpendicular planes and the valve shall be at least 22D [from 6.2.8 a)]; the distance between the two bends
in perpendicular planes and the orifice plate shall be at least 44D [from 6.2.8 b)). If the valve has length 1D an
additional total length of 9D is required which may be either upstream or downstream of the valve or partly
upstream and partly downstream of it. 6.2.8 a} 3) could also be used to move the valve to be adjacent to the
two bends in perpendicular planes provided that there is at least 44D from the two bends in perpendicular
planes to the orifice plate [see Figure 7 b)).

6.2.9.2 If the first fitting is a reducer from 2D to D over a length of 2D [see Figure 7 c)], the distance
between the reducer and the orifice plate shall be at least 5D (from Table 3) and that between the two bends
in perpendicular planes and the reducer shall be at least 22 x 2D [from 6.2.8 a}]; the distance between the two
bends in perpendicular planes and the orifice plate shall be at least 44D [from 6.2.8 b)]. So no additional
length is required because of 6.2.8 b).

6.2.9.3 If the first fitting is an expander from 0,50 to D over a length of 2D [see Figure 7 d)], the distance
between the expander and the orifice plate shall be at least 12D (from Table 3) and that between the two
bends in perpendicular planes and the expander shall be at least 22 x 05D [from 6.2.8 a)]; the distance
between the two bends in perpendicular planes and the orifice plate shall be at least 44D [from 6.2.8 b)]. So
an additional total length of 19D is required which may be either upstream or downstream of the expander or
partly upstream and partly downatream of it.
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Figure 7 — Examples of acceptable installations (see 6.2.9)
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