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EFFECT OF DIFFERENT UPSTREAM FITTINGS
ON ORIFICE METER PERFORMANCE
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Abstract

Orifice meters are a type of the differential pressure flow meter widely used in industrial
applications dealing with measuring the size and flow rate of expensive fluids such as natural
gas, petroleum and water. The measurement accuracy of these meters depends mainly on their
position in a pipe network. This paper is concerned with the effect of nonstandard flow
conditions generated by various fittings (e.g.: reducer, single elbow, double-elbow in-plane,
double-elbow out-of-plane, T-junction) at different nonstandard upstream distances of the
orifice plate on velocity profile and on discharge coefficient. Both numerical and
experimental studies were used to investigate this problem. The results show that for each
fitting, there is a different effect on the velocity profile and on the discharge coefficient. As an
example, the 90° elbows decreases the discharge coefficient with decreasing upstream
distance and increasing Reynolds number. Also, after a straight distance of 40D between the

elbow and the orifice plate, the velocity profile is not fully matched with the normal profile.

Keywords: Orifice meter, Discharge coefficient, Nonstandard flow conditions, Velocity profile

1. Introduction

kinetic energy increases at the expense of

Orifice meters are the most commonly ; .
potential energy (static pressure).

used method in flow measurement,

especially in industrial applications. It is It was noticed that the orifice meter

also the most common of the differential
pressure  (DP) flow meter family.
Differential-producer flow meters create a
restriction in the flow field. When flow is

contracted, either gradually or abruptly,

readings (measurements) are affected by
upstream fittings (single elbows, double
elbows in-plane, double elbows out-of-
plane, valves, reducers, expanders, T-
pieces) especially if such fittings were

located at an upstream distance less than
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that which assures a fully-developed flow,
i.e. a steady flow free of swirl and where
the velocity profile does not change along
axial  direction.  Fittings lead to

disturbances.

[SO 5167(2003) standard provides tables
for the decay lengths depending on the
pipe fittings. However, there is no
information in the standard on the
relationship between the decay length and
the Reynolds number. Orifice meters are
simply designed [see Fig. (1).] and built on
the basic relation between the pressure
difference across the orifice plate and the
flow rate (flow velocity). This theoretical
relationship is corrected using the
discharge coefficient C,. It is of major
interest for manufacturers of flow meters
as well as for meter users to know before
the actual installation how the meter reacts

to a specific flow disturbance.

Numerous works have been performed and
reported in the literature. Prabu et al.
(1996) carried oﬁt their experiments to
investigate the effect of upstream pipe
fittings such as a single 90° bend, double
90° bends in plane and double 90° bends
out-of-plane on the performance of a
conical flowmeter and orifice meter. The
most significant conclusions drawn from
their study are that an upstream piping of
at least 11 pipe diameters length is

necessary to separate the orifice meter.

from a single 90° bend and a double 90°
bend (in-plane), and upstream piping of at
least 48 pipe diameters is required for a
double-bend out-of-plane disturbance for
both the conical flowmeter and orifice

meter.

Mattingly and Yeh (1991) presented
experimental results for the decay of pipe
elbow produced swirl in pipe flows and its
effects on flowmeter measurement
accuracy. Experiments include the decay
of swirl produced by single and double-
elbow configurations for pipe diameter
Reynolds numbers of 10* to 10° using
water in a 50 mm diameter facility at
National Institute of Standards and
Technology (NIST) in USA. Results show
that different types of swirl are produced
by the different piping configurations. The
swirl decay is found to be dependent on the
type of swirl and the pipe Reynolds
number. Without flow conditioning, it is
concluded that the specifications of
upstream pipe lengths in the current flow
metering standards may not be sufficient to

achieve the desired flow metering

accuracy.

Reader-Harris et al. (1995) carried out
work to derive an improved orifice plate
discharge coefficient equation based on the
enlarged European Economic Community /
American Petroleum Institute (EEC/API)

database including the data collected in 50
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and 600 mm pipes. It consists of several
terms, each based on an understanding of
the physics. An earlier version of this
equation, based on a smaller database, was
accepted at a meeting of EEC and API
flow measurement experts in New Orleans
in 1988, and emphasis is placed on the two
principal changes to the equation:
improved tapping terms for low Reynolds
number have been -calculated; and an
additional term for small orifice diameter

has been obtained.

Also, Reader-Harris/Gallagher (1998), as
presented in ISO 5167(2003), gave an

equation for the discharge coefficient, Cj.

Rhinehart et al. (2011) considered the
complexity of the 28-coefficients Reader-
Harris/Gallagher equation and the 8-
coefficient expansibility relation all add
potential for implementation error.
Engineering practice desires to minimize
potential for error. Since the discharge
coefficient depends on Reynolds number,
the use of the ISO procedure is iterative
(flow rate is required to calculate C,, but
Csz is required to calculate flow rate),
which adds implementation complexity
and requires a convergence criterion.
Engineering practice desires to minimize
complexity. Finally, standard relations
require the orifice pressure drop as the
input to the calibration equation. They

introduced the power law relation to

replace the square root relation in the
orifice  flow rate calculation for

noncompliant devices.

Gersten (2008) introduced the
characteristic parameters which allow an
appropriate  description of the flow
disturbances in order to solve the problem
of flow metering that disturbed by pipe

fittings (e.g. bends) and the decay length is

not available. These  characteristic
parameters can be determined
experimentally by  measuring  the

circumferential distributions of the wall
shear stress components. This can be done
by sublayer fences, Preston tubes or

surface hot films.

Yoon et al. (2009) investigated the effect
of distance between 90° elbow close to the
upstream face of an orifice plate and the
orifice plate on discharge coefficient
experimentally by comparing the master
flow meter and another testing machine.
Using the master flow meters with flow
rate of range 0.3 — 25 m’/h, they gave
results for the case of short distance
between the elbow and the orifice plate,
the deviation of the discharge coefficient
tended to increase over 5%. As the
distance between the elbow and orifice
plate was increased, the discharge
coefficient was closer to the reference

value and the deviation was reduced
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especially, in the case of the flow with
Reynolds number 6x10*. If the distance
between the elbow and the orifice plate
was 18D at Reynolds number less than
6x10" the deviation of the discharge
coefficient was close to 1% of the
reference value. With a Reynolds number
over 6x10°, a straight pipe length is needed
of over 18D to recover the discharge

coefficient.

National Institute of Standards and
Technology (NIST) in USA made a data
base (1994) for flanged orifice types for
various fluids that included water, gas, oil,
and natural gas. These data were collected
by NIST for the purpose of generating
international  standard  producers  to
calibrate orifice meters, and to provide
researchers and the industries with an

archive of traceable data.

The aim of this study is to examine
experimentally and numerically the effect
of fittings on the flow structure of
upstream and downstream of the orifice
plate. It is objected also to investigate the
influence of elbow and other fittings on the

discharge coefficient of the orifice meter.

2. Numerical Study

The numerical investigation for a steady -

state flow of a Newtonian fluid with

constant density and viscosity is based on
the two main equations, namely: the

continuity equation, and Navier-Stokes

equations in the following forms:
Continuity equation:

The differential form of the continuity
equation in cylindrical coordinates for

incompressible fluids is:

_1_6’(ru,)+_1_809 N ov.
r  or r 08 oz

=0 (1)
Navier-Stokes equations:

Navier-Stokes equations are considered to
be the governing differential equations of
motion for incompressible Newtonian
fluids. In terms of cylindrical coordinates,
the Navier-Stokes equations for steady

state can be written as in Eq. (2).
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(z - direction)

ou.. 0, .0v, ov.
plu, —+—2—+uv. —
or r 06 4
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r- 00" .0z
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Navier-Stokes equations and continuity
equation were solved using Fluent three-
dimensional double precision (3ddp) with
full simulation mode Computational Fluid
Dynamics (CFD) code version 6.3.26 to
get the computational solution for the

problem under investigation.

The Realizable k-¢ Turbulence Model were
implemented to solve this problem. This
model more accurately predicts the
spreading rate of both planar and round
jets. It is also likely to provide superior
performance for flows involving rotation,
boundary layers under strong adverse
pressure  gradients, separation, and
recirculation. The modeled transport
equations for k-& turbulence model are

presented in Egs. (3) and (4).

PR AL
ax—./(pku/)—ax/{(ﬂ*-ak]ax/}

+u,S* - pe (3)
0 0 M, | O¢
—i U - + —
ax./ (p /) / I:(lu o, } ax/
6':

where
C|=max{0.43 77,_} =S£.
n+5 £
s=yB,5,. m=rC,.
o —

A, + 4,
£

The model constants are C;=1.44,
C,=19, 0,=10, o0.=1.2. In these
equations, oy and o, are the turbulent

Prandtl numbers for & and ¢, respectively.

The wvelocity magnitude normal to
boundary is specified at the inlet section
and pressure magnitude normal to
boundary is specified at outlet section, and
they were used as boundary conditions to
this problem and the turbulence intensity is

calculated as:

[=0.16(Re,, )" (5)

where Repy is the Reynolds number for

pipe hydraulic diameter.

Second order discretization scheme is used
for pressure, momentum, turbulence
kinetic energy and turbulence dissipation
rate scalar equations. The SIMPLEC
(SIMPLE-Consistent) algorithm is used for
the velocity-pressure coupling which is
necessary to maintain the continuity
throughout the iterations. Gambit fluent
software is used to draw the geometry and

generate the meshes as in Fig. (2).
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3. Flow Rate Equations and
Discharge Coefficient

The flow rate equations for orifice meter
and for all differential producers (e.g.
nozzle, Venturi tube) are identical. They
are developed from theoretical
assumptions, modified by correction
factors based on empirical evidence, and

further altered based on geometric

considerations relative to fixed geometry.

The theoretical flow rate, O, obtained from

Bernoulli's and continuity equations is:

1 ) |24
Q=—==d’ |=F (6)
1-8* 4 P

For orifice meter, the flow rate expression
obtained from Eq. (6) is not accurate
expression in the actual case, and the true
flow rate is almost always less than the
theoretical calculated value and some
correction factor, named as discharge
coefficient (C,) and  expansibility
[expansion] factor (e) have to be applied

and the volume flow rate for orifice meter

can be determined as:

C,

(.

-

2Ap

Yo,

T
e—d- 7

. 0)
For a given primary element, the discharge
coefficient is derived from laboratory data
by rationing the true and theoretical flow.

The true flow rate is determined by

weighing or by volumetric collection of the
fluid over a measured time interval. The
theoretical flow rate is calculated with Eq.
(6). The discharge coefficient is then

defined as:

True flowrate

‘" Theoretical flowrate

4. Experimental Setup

Figure 3 describes the schematic diagram
of experimental setup of the flow system
used in measuring the discharge coefficient
of orifice plate with inner diameter (d) of
38.1 mm and a pipe diameter (D) of

63.5 mm.

A comparison method was used to
compare the master flow rate measured by
a traceable turbine meter, 150 to 1500 Ipm,
with calibration accuracy of +0.05% of
reading, traceable to National Institute of
Standards and Technology (NIST) with the
flow rate through the orifice meter that
generates differential pressure measured by
a mercury U-tube manometer with
accuracy of £0.5 mmHg at D upstream and
D/2 downstream of orifice plate, Fig. (1).
The turbine meter is installed with at least
22D upstream straight length. The
theoretical flow rate was calculated by
substituting the measured differential

pressure, Ap, in Eq. (6) then the discharge
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coefficient was calculated. A pump with
discharge flow rate of 1500 lpm was used
to pump water through the closed loop test
rig. To control the flow rates, a throttle
valve downstream of the test section was
installed to control the flow rate, with a

bypass pipe line installed, Fig. (3).

Flow fittings (e.g. elbow, reducer) were
installed upstream of orifice meter with
variable upstream length to study its effect

on orifice meter readings.

5. Results and Discussion

The results are tackled and clarified into
two sections: the flow structure and the
effect of different fittings on the discharge

coefficient.

5.1 Flow Structure

CFD gives a complete flow field structure
for all fittings (e.g., reducer, single elbow,
double-elbow in-plane, double-elbow out-
of-plane, T-junction) with orifice plate as

follows:

5.1.1 Reducer

Figure (4) shows the contours of velocity
for reducer with orifice and the trend of
velocity that increases after the reducer.

Reducer keeps the velocity to be

axisymmetric. The reducer works as
subsonic nozzle resulting in pressure
decrease, therefore, the average velocity
increases according to the continuity
equation. In this figure and upcoming
figures, the x-z plane represents the
horizontal plane while the x-y plane

represents the vertical plane.

Figure (5) shows the difference between
the computed velocity profiles for reducer
installed at distances of L =2D, 4D, 6D.
10D and 15D upstream of the orifice plate
and an orifice plate with upstream straight
length. All profiles are presented at section
A of 1D upstream of the orifice plate at the
location of the upstream pressure tap. It's
appeared that the velocity profiles for
L = 10D and 15D reducer installation cases
have a good agreement with the velocity
profile for orifice plate with straight length
installation case. So, the effect of reducer
decreases if it was installed at distance
greater than L =10D upstream of the

orifice plate.

5.1.2 Single Elbow

For 90° elbow with radius ratio equal to
two, Fig.(6) shows the contours of
isovelocity lines for the elbow. As the flow
enters the elbow, the pressure starts to
increase at the concave surface taking into

account the Bernoulli's equation (energy).
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This will increase the velocity at the
convex surface and this effect will
continue to the end of elbow where the
velocity reaches its maximum at the elbow
inside wall vicinity. Due to the centrifugal
force, the high speed core of the flow is
pushed towards the outside wall of elbow
up to distance L =5D downstream of the
elbow end and L =1D upstream of the
orifice plate where the flow starts to nearly
retain the normal turbulent profile and this
is visible at computed velocity profile for

L = 6D upstream installation case, see Fig.

(7).

Figure (7) shows that computed velocity
profiles for single elbow installed at
L=2D and 4D upstream of the orifice
plate were greatly distorted from the
normal profile (orifice only). But for
L=10D, 15D and 40D upstream
installation cases, the velocity profiles are
nearly identical especially for L = 15D and
40D cases but still not fully matched with

that for orifice preceded by straight pipe.

5.1.3 Double-Elbow in-Plane,
L.=4D

At this case, the existence of another elbow

installed in opposite direction of the

upstream elbow and in the same plane

makes balance to the high speed core (see

section 5.1.2) to be in the center of the

pipe; see Fig. (8); and retain the normal

profile rapidly. At this case and upcoming
elbow configuration the radius ratio of all

elbows equal to two.

For L =2D and 4D upstream installation
cases, Fig.(9), the computed velocity
profiles are distorted and they are out of
the normal profile. But for L =6D, 10D
and 15D installation cases, the velocity
profiles are identical with each other and
with the normal profile (orifice only)
especially for L=10D and 15D

installation cases.

5.1.4 Double-Elbow in-Plane, L. =0

This installation case has the same trend of
the previous case but at this case when the
distance between the two elbows L. =0, is
accelerated the flow to retain the normal
velocity profile, Figs. (10) and (11). Even
for L=2D and 4D installation cases the
velocity profile is much close to the normal
profile if it is compared with the previous

case.

5.1.5 Double-Elbow out-of-Plane,
L.=4D

For this configuration of elbows, the

contours of isovelocity lines at Fig. (12)

show skew to the outer wall as in other

elbow  configuration. But at this

configuration, Fig.(13) shows that the

velocity profiles skewed to the outer wall
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for installation cases up to L =6D. Only
for L = 15D installation case, the velocity
profile retain the normal velocity profile
but not coincident with the profile of
orifice with straight length (orifice only)

installation case.

5.1.6 Double-Elbow out-of-Plane,
L.=0

This configuration has the same trend as
the previous one in section 5.1.5 but the
velocity profile for L = 2D installation case
has a bad distortion from the normal
velocity profile, Figs. (14) and (15). From
Fig. (15) the velocity profiles for L = 10D
and 15D installation cases are coincident
and retains the normal velocity profile but
not coincident with orifice only velocity

profile.

5.1.7 T-junction

This configuration can be treated as a
summation of two single shape edged
elbows installed 'in one line, Figs. (16)
and (17). The normal velocity profile was
retained at L =15D installation case as
shown in Fig. (17). Also, the velocity
profile for L = 15D installation case is very
close to the normal velocity profile of

orifice only case.

5.1.8 Fittings, L = 15D

For all previous fittings installed upstream
of the orifice plate, Fig. (18) shows the
computed velocity profiles for all fittings
installed at a distance of L = 15D upstream
of the orifice plate. It is evident that some
velocity profiles of fittings retain the
normal velocity curve and coincident with
orifice only profile like reducer and the
two configurations of double-elbow in-

plane.

5.2 Effect on Discharge
Coefficient

The pressure coefficient C, across the
orifice plate at D upstream and D/2
downstream the plate is a result of the CFD
analysis as in Figs. (19) and (20). in these
figures the x/D =0 point is the position of
orifice plate. Also, the differential pressure
Ap is measured experimentally using a
mercury  U-tube  manometer. The
differential pressure was used to get the
theoretical flow rate through the orifice

plate using Eq. (6) and then the discharge

coefficient was calculated as in section 3.

For the reducer, as the Reynolds number
increases and the wupstream distance
between the reducer and the orifice plate
coefficient

increases  the  discharge

decreases as in Fig. (21), in this figure and
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upcoming figures the lines represent the
trend of the computational data points of

the same color.

For the single elbow, as the Reynolds
number increases and the distance between
orifice plate and elbow decreases the

discharge coefficient decreases, Fig. (22).

For the double-elbow in-plane and
L.=4D, Fig. (23) shows that at high
Reynolds  numbers, the  discharge
coefficient tends to be constant. Also, as
the Reynolds number increases the

discharge coefficient decreases.

For the double-elbow in-plane and L. =0,
Fig. (24) shows that the configuration is

similar to single elbow case.

For the double-elbow out-of-plane and
L. =4D, Fig. (25) shows that the discharge
coefficient trend is constant for low

Reynolds numbers.

For the double-elbow out-of-plane and
L. =0, Fig. (26) shows that the discharge
coefficient has a small variation with

change in Reynolds number.

For the T-junction, as the Reynolds
number increases the discharge coefficient
decreases. Fig. (27). It is similar to the

single elbow case.

Other experimental results as shown in
Figures (28) and (29) show the variation of
discharge coefficient of orifice meter with
variable Reynolds number for reducer and
single elbow respectively installed at
different upstream lengths L from the

orifice plate.

6. Conclusions

For all fittings cases close to orifice plate
with a diameter ratio of 0.6 in a 2.5 inches
pipe, the velocity profile was distorted by
these fittings and then retains the normal
velocity profile at different pipe straight
lengths and Fig. (18) is an example for
different fittings installed at L=15D

upstream of the orifice plate.

The study gives good agreement between
experimental and computational analyses

in discharge coefficient values.

The most significant conclusions drawn

from the study are:

1. Upstream pipe straight length of at
least 10 pipe diameters length is
necessary to separate the orifice

plate and reducer.

2. Upstream pipe straight length of
more than 40 pipe diameters length
is necessary to separate the orifice

plate and single elbow.
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Upstream pipe straight length of at
least 15 pipe diameters length is
necessary to separate the orifice

plate and double-elbow in-plane.

Upstream pipe straight length of
more than 15 pipe diameters length
is necessary to separate the orifice
plate and double-elbow out-of-

plane.

Upstream pipe straight length of
more than 15 pipe diameters length
is necessary to separate the orifice

plate and T-junction.

The discharge coefficient of the
orifice is affected by the upstream
distance between the orifice plate
and the studied fittings up to 15D
upstream distance of orifice plate

and by Reynolds number.

M. 85
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Nomenclature Ap  Differential pressure across the
orifice plate - Pa
Ca Orifice discharge coefficient - € Turbulence dissipation rate - m™/s’
Dimensionless g .
U Dynamic viscosity - Pa.s
C - S .
g Pressure coefficient C, = ‘g - pV’L" U Turbulent dynamic viscosity - Pa.s
SpVs . . .
D ol st p Density of the fluid at all points in
- Dimensionless the fluid - kg/m’
D Pipe diameter - m ot Turbulent Prandtl number for & -
d Orifice diameter - m Dimensionless
e Expansibility factor -Dimensionless ;s Turbulent Prandtl number for ¢ -
Acceleration of gravity - m/s’ Dimensionless
I/ Turbulence intensity -
Dimensionless

Turbulence kinetic energy - m*/s’

L Distance between fitting and orifice
plate - m

o Distance between two elbows - m

)4 Pressure - Pa

prs  Reference pressure at the pipe
outlet - Pa

0 Flow rate of the fluid through the
orifice - m’/s

4 Radius of the point of interest from
the center line - m

R Radius of the pipe - m
Rep Pipe Reynolds number

V . .
Re, = PV Dimensionless

Vo Average velocity - m/s
v, r - velocity - m/s

\Z) B - velocity - m/s

V- z - velocity - m/s

r Cylindrical coordinate - m
0 Cylindrical coordinate - m
-4 Cylindrical coordinate - m
B Diameter ratio of the orifice

diameter to the pipe diameter -
Dimensionless
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(e) Double-elbow in-plane (f) Double-elbow out-of-plane

Fig. (2) Meshes of orifice, pipe, elbow, reducer and other configurations of elbow
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Fig. (3) Schematic diagram of flow rate test system
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Fig. (4) Contours of isovelocity lines for reducer installed at a distance of L = 6D
upstream of orifice plate
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Fig. (5) Computed velocity profiles for orifice with reducer at different installation
step distances L at section A
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0.00e+00 Ay

Fig. (6) Contours of isovelocity lines for elbow installed at a distance of L = 6D
upstream of orifice plate
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Fig. (7) Computed velocity profiles for orifice with single elbow at different
installation step distances between them at section A
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Fig. (8) Contours of isovelocity lines for double-elbow in-plane -
Distance between two elbows L. = 4D - installed at a distance
of L = 6D upstream of orifice plate
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Fig. (9) Computed velocity profiles for orifice with double-elbow in-plane -
Distance between two elbows L. = 4D - at different installation step
distances L at section A
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Fig. (10) Contours of isovelocity lines for double-elbow in-plane -
Distance between two elbows L. = 0D - installed at a distance
of L = 6D upstream of orifice plate

A,
e ———— m
0.8 Q\\\ X
0.6 l“\\ — Orifice only
04 \‘\ .A-L=2D
0.2 § S-L=4D
\ i
/R 0 T T T T T ‘\\ <-L=6D
02 P 0:2 04 06 08 +—t.2| —*-L=10D
3l f\\\ ---L=15D
0.6 EjJA
0.8 = 7
1
A Vo Vay

Fig. (11) Computed velocity profiles for orifice with double-elbow in-plane -
Distance between two elbows L, = 0 - at different installation step
distances L at section A
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Fig. (12) Contours of isovelocity lines for double-elbow out-of-plane -
Distance between two elbows L. = 4D - installed at a distance
of L = 6D upstream of orifice plate
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Fig. (13) Computed velocity profiles for orifice with double-elbow out-of-plane -
Distance between two elbows L. = 4D - at different installation step
distances L at section A
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Fig. (14) Contours of isovelocity lines for double-elbow out-of-plane -
Distance between two elbows L. = 0D - installed at a distance
of L = 6D upstream of orifice plate
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Fig. (15) Computed velocity profiles for orifice with double-elbow out-of-plane -
Distance between two elbows L= 0 - at different installation step
distances L at section A
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Fig. (16) Contours of isovelocity lines for T-junction installed at a distance of
L = 6D upstream of orifice plate
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Fig. (17) Computed velocity profiles for orifice with T-junction at different
installation step distances L at section A
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Fig. (18) Computed velocity profiles for fittings installed at L = 15D upstream of
the orifice plate plotted at section A
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Fig. (19) Pressure coefficient along centerline of orifice with reducer installed at
L = 6D. (Fluent 6.3)
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Fig. (20) Pressure coefficient along centerline of orifice with single elbow installed
at L = 6D. (Fluent 6.3)
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Fig. (21) Effect of reducer with variable upstream length L on orifice plate
discharge coefficient corresponding to different Reynolds numbers
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Fig. (22) Effect of single elbow with variable upstream length L on orifice plate
discharge coefficient corresponding to different Reynolds numbers
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Fig. (23) Effect of double-elbow in-plane - L. = 4D - with variable upstream length
L on orifice plate discharge coefficient corresponding to different Reynolds

numbers
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Fig. (24) Effect of double-elbow in-plane - L. = 0D - with variable upstream
length L on orifice plate discharge coefficient corresponding
to different Reynolds numbers
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Fig. (25) Effect of double-elbow out-of-plane - L. = 4D - with variable upstream

length L on orifice plate discharge coefficient corresponding
to different Reynolds numbers
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Fig. (26) Effect of double-elbow out-of-plane - L. = 0D - with variable upstream
length L on orifice plate discharge coefficient corresponding

to different Reynolds numbers
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Fig. (27) Effect of T-junction with variable upstream length L on orifice plate

discharge coefficient corresponding
to different Reynolds numbers




M. 102 Mansoura Engineering Journal, (MEJ), Vol. 38, No 1, March 2013

0625 Prec RO OB T RS, .y S e
0.620 h . T — + Reducer, L = 3D
* * /,/- ’

;E) .\\2‘ N ; )/-/l .

S 5 == s

h;:o 0.615 = ’ - =« Reducer, L =6D

Q ]

o y

_g 0.610 ry 3 4 Reducer, L =10D
0.605 . Reducer, L = 15D
0.600 |

0 40000 80000 120000 160000 200000 240000

Re - Reynolds Number

Fig. (28) Experimental data for the effect of reducer fitting with variable upstream
length L on discharge coefficient
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Fig. (29) Experimental data for the effect of single elbow fitting with variable
upstream length L on discharge coefficient
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