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A RATIONAL DESIGN OF A HYDRAULIC PACKET CHOKE

Abstract: The results of computer simulation of non-Newtonian fluid flow (oil) in packet chokes having a
different orifice diameter in a plate and distances between the orifice plates are presented in the article. The
information about change of pressure, temperature, dynamic viscosity, vorticity and Prandtl number of moving
working fluid at distance from an inlet to an outlet of the packet choke is obtained. It is determined that with
increasing of the orifice diameter in the plate and distance between the orifice plates of the packet choke, the

process of working fluid flow will be the most stable.
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Introduction

A hydraulic choke is a hydraulic resistance.
This device establishes a certain connection between
fluid pressure drop on the choke and flow rate
through it.

The packet choke consists of the several
hydraulic resistances (orifice plates) which are set in
a case. Distance between the orifice plates should be
I = 3d...5d (where d is an orifice diameter in the
plate, mm). The orifice diameter in the plates is taken
not less than 0.5 mm. The orifice plate thickness is
determined by the formula 6 = 0.4d...0.5d. This
hydraulic choke has high hydraulic resistance and
stable flow characteristics.

Flow is repeatedly narrowed and expanded
when fluid flow through the orifice plates of the
packet choke. This leads to fluid pressure drop in
sections of the packet choke. Herewith, the diameter
reduction of the orifice in the plates leads to
increasing of fluid pressure at an inlet, and the
diameter increasing of the orifice in the plates leads

to increasing of the packet choke length. By means
of computer simulation it is possible to determine
hydraulic parameters of fluid flow, and thus to
choose a rational design of the packet choke.

Materials and methods

Computer simulation of working fluid flow in
the packet chokes was performed in the special
program Flow Simulation [1].

Three three-dimensional solid models of the
packet chokes were created for implementation of
computer simulation (the Fig. 1). The packet chokes
models had the different internal design. The sections
number in each model of the packet choke was taken
8. The orifice plates of the packet chokes were
located staggered. Main dimensions of the packet
chokes models are presented in the table 1. The
constant dimensions of the packet chokes were: the
diameters of the inlet and the outlet — 12 mm and a
width of each orifice plate — 20 mm. A height of the
orifice plate was taken 40 mm.
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Figure 1 — The first (A), the second (B) and the third (C) solid models of the packet chokes in the longitudinal

section.
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Table 1

Main dimensions of the packet chokes models.

Value (in mm)

Parameter The first model | The second model | The third model
Orifice diameter in the plate, d 2 3
Distance between orifice plates, | 10 15
Orifice plate thickness, s 0.5 1 1.5

Oil (non-Newtonian fluid) was moved under
pressure in the sections of the packet chokes models
[2 — 4]. Working fluid at temperature of 293.2 K
flows in the inlet of the packet choke at a velocity of
0.5 m/s. Working fluid outflows under static pressure
of 101325 Pa from the outlet of the packet choke.
The following properties were adopted for working
0,14
0,12 A

0,1
0,08 -

0,06

0,04 -

Consistency coefficient|Pa*s]

0,02 A

fluid: density — 917.53 kg/m?®, specific heat — 1971.8
JI(kgxK), thermal conductivity — 0.17 W/(mxK).
Viscosity of working fluid was calculated by power-
law model [5 — 6]. Power-law index was taken 1. The
dependence of consistency coefficient from
temperature is presented in the Fig. 2.

270 290

310 330 350
Temperature|[ K]

Figure 2 — The dependence of consistency coefficient from temperature.

Iron was accepted by material of the packet
choke. Initial temperature of material of the packet
choke was taken 293.2 K. The following parameters
were set for internal surfaces of the packet choke:
walls roughness — 5 pm, wall radiative surface —
black body [7], specularity coefficient — 0, emissivity
coefficient — 1, solar absorptance — 1. The ratio of
finite elements of the solid model (the choke) to
finite elements of the working fluid model is 1:10.
This says about a high quality of the simulation
results of working fluid flow in the packet choke.

Results and discussion

The results of computer simulation are
presented in a form of color plots characterizing a
change of the some hydraulic parameters of working
fluid when moving in the packet choke model.

Trajectory of working fluid flow in the packet
chokes models is presented by color lines. Working
fluid pressure in the models of the packet chokes is
presented in the Fig. 3.

Working fluid pressure at the inlet of three
models of the packet chokes is different. At that in
the first model of the packet choke, working fluid
pressure is maximum in value, in the third model is
minimum pressure. Working fluid pressure at the
inlet decreases with increasing distance between the
orifice plates and the orifice diameter in the plates of
the packet choke.

The first model of the packet choke is irrational,
because for creation of working fluid static pressure
at the outlet, high pressure of working fluid at the
inlet (approximately 441 MPa) is required. This high
pressure contributes to damage of the plates in the
design of the packet choke. From the presented
models of the packet chokes it is preferable to use the
third model, since pressure drop of working fluid
from the section to the section is not more than 0.1
MPa.

Working fluid temperature in the models of the
packet chokes is presented in the Fig. 4.
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Figure 3 — Working fluid pressure in the first (A), the second (B) and the third (C) models of the packet
chokes. The orifice of the packet choke on the left is the inlet (and further), the orifice of the packet choke on
the right is the outlet (and further).
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Figure 4 — Working fluid temperature in the first (A), the second (B) and the third (C) models of the packet
chokes.
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Figure 5 — Dynamic viscosity of working fluid in the first (A), the second (B) and the third (C) models of the
packet chokes.
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Figure 6 — Working fluid vorticity in the first (A), the second (B) and the third (C) models of the packet
chokes.
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Figure 7 — Prandtl number for working fluid in the first (A), the second (B) and the third (C) models of the
packet chokes.
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Working fluid temperature at the inlet differs
slightly from working fluid temperature at the outlet,
despite temperature changes in the sections of the
packet chokes models.

Dynamic viscosity of working fluid in the
models of the packet chokes is presented in the Fig.
5.

Dynamic viscosity of working fluid does not
change in 70% of the sections volumes of the first
model of the packet choke at high pressure, and non-
Newtonian fluid has the properties of Newtonian
fluid. Flow velocities gradient decreases when
working fluid pressure decreases. At movement of
working fluid from one section to another section
through the small diameter orifice are observed the
following changes:

1. Dynamic viscosity of working fluid is more
before the orifice;

2. Dynamic viscosity of working fluid is less
after the orifice;

3. Dynamic viscosity increases at movement of
working fluid from the orifice to the next orifice.

Working fluid vorticity in the models of the
packet chokes is presented in the Fig. 6.

Working fluid flow at the inlet is laminar in
three models of the packet chokes. Vortices are
formed before and after the orifices in the plates of
the packet choke. Vortex formation frequency of
working fluid flow in the first model of the packet
choke is increased in 5 to 7 sections. The orifice
diameter in the plates and distance between the plates
of the packet choke affect on intensity of vortex flow
of working fluid. The more the orifice diameter in
the plates and distance between the plates, the less
intensity of vortex flow of working fluid.

Changing of Prandtl number [8] for working
fluid in the models of the packet chokes is presented
in the Fig. 7.

Prandtl number P, is proportional to dynamic
viscosity # and inversely proportional to the thermal

diffusivity coefficient a = i
p
In the formula, 4 is thermal conductivity of
working fluid, p is density of working fluid, c, is
isobaric specific heat of working fluid.
Let is to find the maximum and minimum
values of the thermal diffusivity coefficient in the

conditions of working fluid flow in the first, the
second and the third models of the packet chokes.

1. For the first model:
Hmaximod. = 0.138 Paxs, #minimed. = 0.025 Paxs,
Prmax.1mod. = 1600, Prmin.1mod. = 290.

2
Amax.1mod. = YTmex 1 mod. = 0.138 = 0.8625><:|.074
. . IDr max.1mod. 160

N m|3

_ TImin.1mod. — 0.025

min.lmod. —
I:)r min.1mod. 290

2. For the second model:
fimax2mod. = 0.1099 Paxs, #minzmod. = 0.0994 Paxs,
Prmax.2mod. = 1274, Prmin 2mod. = 1153.

2
Bmax.2mod. = gm“zm“" _ 0109 _ 8506104 M

r max.2mod. 127 S
2

a.. _ Mmin2mod. _ 0.0994
min-2mod I:>rmin.2mod. 115

3. For the third model:
Hmax.3mod. = 0104 PaXS, Hmin.3mod. = 01036 PaXS,
Prmax.3mod. = 1205, Prminamod. = 1201.

a

=0.8621x107% —.
S

—08621x104 ™.
S

2
8 gy, = maxsmod. _ 0104 _ 5 gga) qgaM”
. " Prmax.3mod. 120 S

2
min 3mod, = gm'"'3m°“' _ 01036 _ ) ag6x1074 M.

rmin.3mod. 1201 S

a,

The thermal diffusivity coefficient of working
fluid in three models of the packet chokes has almost
the same value. Therefore, distance between the
plates and the orifice diameter will not affect to the
thermal diffusivity coefficient.

Conclusion

1. The rational internal design of the packet
choke is selected under the condition of minimum
pressure drop at the inlet and the outlet. These
requirements are performed at movement of working
fluid in the third model of the packet choke.

2. Inlet pressure and a cross sectional area of
the hydraulic resistances affect on viscosity of non-
Newtonian fluid.

3. The thermal diffusivity coefficient for all
models of the packet chokes is in a numeric range of
0.8621x10* — 0.8631x10. Thus, the internal design
of the packet choke does not affect to the thermal
diffusivity coefficient.
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