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Introduction

The transition process from laminar regime of
fluid flow to turbulent regime is visually displayed
during the calculation in the special computer
programs. Laminar regime is characterized by moving
the fluid layers in one direction at variable velocity at
the distance from the axial line to the pipeline wall.
Turbulent (transient) regime occurs when fluid flow
through the hydraulic resistance [1-2]. In this case,
changing the flow direction of the fluid layers, their
mixing and the vortices formation of various
intensities occur [3-4]. The calculation of turbulent
flow of fluids is carried out by the turbulence models
[5-7]. The turbulence models based on the Reynolds
equation are characterized by the different
descriptions of fluid flow in the wall region (the
pipeline) and the number of the additional variables.

The Algebraic yPlus and L-VEL turbulence
models, which have the highest stability and the lower
accuracy, are used for the calculation of the coefficient
of turbulent viscosity depending on flow velocity of
fluid and the distance from the wall. The k-
turbulence model, which is characterized by the fast
convergence and the low accuracy in modeling the
some hydraulic problems, includes the equation of
turbulence kinetic energy and the equation of kinetic
energy dissipation rate. The model is well suited for
solving the problems of external flow around bodies.
In the k-w turbulence model, which is characterized
by the low convergence and sensitivity to the initial

approximation, the second parameter is calculated
from the equation of specific rate of kinetic energy
dissipation [8]. The accurate results for this model can
be obtained by modeling fluid flow through curved
channels. The Spalart-Allmaras turbulence model,
which is characterized by stability and the good
convergence, is used for the calculation of the
kinematic coefficient of vortex viscosity of fluid
flowing in the entire domain, including the wall layers
[9-10]. The SST turbulence model is the improved
combination of the k-¢ and k-e turbulence models.

The diffuser (the hydraulic resistance), which is
the expanding section of the pipeline, is used to slow
down flow of fluid. Using the turbulence models listed
above and the laminar flow equation for the
calculation, you can get the visual presentation of
changing the parameters of fluid flow before the
hydraulic resistance, along the diffuser length, and at
the certain distance after the hydraulic resistance.

Materials and methods

The computer experiment to determine the
characteristics of laminar and turbulent flows of fluids
in the pipeline with the diffuser is implemented in the
Comsol Multiphysics program. The models of water
and industrial oil at atmospheric pressure and the
temperature of 20 °C were used as working fluids. The
discretization of fluids was given as P1+P1l. The
properties of water and industrial oil for modeling are
presented in the tables 1-2.

Table 1. The properties of water at atmospheric pressure and the temperature of 20 °C.

Parameter Unit of measurement | Value
Density kg/m?3 998.2
Specific enthalpy kJ/kg 83.91
Specific heat kl/(kg-°C) 4183
Thermal conductivity W/(m-°C) 0.599
Diffusivity m?/s 14.3
Dynamic viscosity Pa‘s 1004
Kinematic viscosity m?/s 1.006
Coefficient of thermal volumetric expansion | °C* 1.82
Surface tension coefficient N/m 726.9
Prandtl number 7.02

Table 2. The properties of industrial oil at atmospheric pressure and the temperature of 20 °C.

Parameter Unit of measurement | Value
Density kg/m?3 865
Kinematic viscosity | m?/s 0.00003132
Flash point °C 206
Pour point °C -15
The pipeline model with the diffuser had the before expansion was 60 mm, the inner diameter at the

following dimensions: the inner diameter at the inlet
was 80 mm, the length of the cylindrical section

outlet was 160 mm, the length of the cylindrical
section after expansion was 200 mm, the angle of the
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expanding part was 18 deg., the length of the
expanding part was 120 mm. The X-axis contours on
the pipeline model were the wall, and the Y-axis
contours were the inlet and the outlet. Initial velocity
of fluids flow at the inlet was adopted 1 m/s. Flow
time of fluids in the pipeline was adopted 1 s. Flow of
fluids occurred in the conditions of laminar and
turbulent regimes. Turbulent flows of fluids were
calculated according to the models:

1. Algebraic yPlus — two constant parameters are
set: ka (0.402) and B, (6.59);

2. L-VEL - two constant parameters are set: k
(0.417) and E; (8.6);

3. k-¢ — seven constant parameters are set: C,;
(1.44), C, (1.92), C, (0.09), ok (1), o (1.3), kv (0.41)
and B (5.2);

4. k- — seven constant parameters are set: a
(13/25), oy (1/2), 0., (1/2), Bo (9/125), B, (9/100), ky
(0.41) and B (5.2);

5. Spalart-Allmaras — eight constant parameters
are set: Cp1 (0.1355), Cp (0.622), Cy1 (7.1), o, (2/3),
Cw2 (0.3), Cuz (2), kv (0.41) and Crot (2).

The boundary conditions for laminar and
turbulent flows of water and industrial oil in the
pipeline with the diffuser are presented in the Fig. 1
and the tables 3-8.

Figure 1 — The boundary conditions for the modeling the process of fluids flow in the pipeline with the
diffuser.

Table 3. The boundary conditions for laminar flow of fluids.

Parameters Equations

Main conditions

pgt—u+p(u'V)u=V'[— pl +y(Vu +(Vu)T)+F

pV-(u)=0
Wall u=0
Inlet u=-Un

Outlet

Po < Py

[— pl +y(Vu +(Vu) )}1 =—p,n

Table 4. The boundary conditions for turbulent flow of fluids according to the Algebraic yPlus model.

Parameters Equations

Main conditions

p%u+p(u-V)U:V-[— pl +(,u+yT)(Vu+(Vu)T)]+F

pV-(u)=0
Wall u=0
Inlet u=-Ugn

Outlet

Po < Py

[— pl +(,u+,uT)(Vu +(Vu) )}1=—|§0n

Table 5. The boundary conditions for turbulent flow of fluids according to the L-VEL model.

Parameters Equations

Main conditions
pV-(u)=0

p%u+p(U'V)U=V'[— pl+ (s + p Ju+ (vu) )|+ F

Wall u=0
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Inlet u=-Ugn
— pl Vu+(Vu)' Jn=-p,n
Outlet [ﬁ z;(”Jr”’r)( u+(vu) )}1 Po
0 — 0

Table 6. The boundary conditions for turbulent flow of fluids according to the k- model.

Parameters Equations
pgt—u+p(u V) =V-[— ol + (e + 41, \Vu +(Vu)T)+ F
pV-(u)=0

pgt—k+p(u-V)k=V-Hy+iij}+ P —pe

Oy

Main conditions

2
p%+p(u-V)g:V' ,u+i Ve +Cé_l£Pk—C£2p€—
ot o, k k

e=¢€p

&

ALr=pC,,k—;

P =, [Vu:(Vu+(vu) ]
u-n=0

[+ 21 Yoru+ (V) Jp=—pSu

5+ tang

w

Wall Ugpy =U—(u-n)n
Vk-n=0
Cﬂk2
K0, 1
u=-Un
U, =U,

E=p

Inlet kzg(ureflT)z

k3/2

L

| p -+ (a1, Yo+ (vu) Jp=—pyn

Outlet Po < Py
Vk-n=0
Ve-n=0

& :C3/4
"

Table 7. The boundary conditions for turbulent flow of fluids according to the k- model.

Parameters Equations
0 T
pa_l:+p(u V=V pl+ (et Yvu+ (Vo) + F
pV-(u)=0
Main conditions p%k+ p(u-Vk =V -[(u+ 0. Vk]+ P, - B pok
p% + ,D(U : V)CU =V. [(,u + lLtTo-w)vw]_‘_ a% P - pﬂoa)z
®=o0m
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Impact Factor:

k
the=p—
[0

P=u [Vu (Vu+ (vuy )]
u-n=0
(4 e Yo+ (Vu) Jp=-p 2,

w

Wall Uypg =U—(U-n)n
Vk-n=0
k
KS, 4
u=-Uyn
U, =U,

w=p

Inlet k:g(U,EfIT)Z
o kl/Z
B L,
[— pl +(,u+,uT)(Vu +(Vu) )}1 =—p,n

Outlet Po < Py
Vk-n=0
Vo-n=0

Table 8. The boundary conditions for turbulent flow of fluids according to the Spalart-Allmaras model.

Parameters Equations

0 T
pguﬂ?(u-v)u =V p o+ (e + g Ju+ (V) )+ F
pV-(u)=0

t t 2
a?‘/Jr(u-V)vt =C,S"' _Cmfw(‘l/_j +%V-((v+v‘)Vv‘)+(;—”va‘ V!

v =nutilde
VG-VG+0,G(V-VG)=(1+20,)G*
1 Iref

| =

@ G 2

He = pvl fvl

Main conditions c :&Jr 1+C,
kK o,

3

_
7' +C;

vl
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)

. v
r=min——,1
(S‘kflfv

S'=max| 2+C,, min
0N=J20:0
S=+2S:8

(0,s-0Q)+

Y g o.mj

zlz v2?!
VoW

Wall

Inlet

VvG-n=0

Po < P,
Vvi-n=0
VvG-n=0

Outlet

[— pl +(,u+#r)(Vu +(Vu) )}1 =—p,n

where p — density; u — the velocity field; t — time; p —
pressure; | — the unit tensor; x — dynamic viscosity;
Vu - the gradient of the velocity field; T — the
temperature; F — the volume force; Up — normal inflow
speed; n — the boundary normal pointing out of the
domain; p, — pressure for suppress backflow; po —
prescribed pressure at the boundary; ur — turbulent
viscosity; k — turbulent kinetic energy; ox — the model
constant, 1.0; Vk — the gradient of turbulent kinetic
energy; Py — the production term; & — turbulent
dissipation rate; o, — the model constant, 1.3; Ve —the
gradient of turbulent dissipation rate; C.; — the model
constant, 1.44; C,,—the model constant, 1.92; C, —the
model constant, 0.09; : — contraction; u, — friction
velocity; 8, — the wall lift-off in viscous units; Utang —
tangential velocity; k, — the von Karman constant,
0.41; Uyt — the reference velocity scale; I+ — turbulent
intensity; Lt — the turbulence length scale; o, — the

closure coefficient, 0.5; £, — the closure coefficient,

9/100; w — specific dissipation rate; o, — the closure
coefficient, 0.5; a — the closure coefficient, 13/25; o
— the closure coefficient, 9/125; Vw — the gradient of
specific dissipation rate; ' — the working variable of
the turbulence model; C, — the model constant,
0.1355; St — magnitude of vorticity; Cu1 — the model

constant, C,/k’+(+C,,)/o; fu — the non-

dimensional function, which equal 1 in the log layer;
lw — the distance to the closest wall; o, — the model

constant, 2/3; Vv' — the gradient of the working
variable of the turbulence model; Cy; — the model
constant, 0.622; G — the reciprocal wall distance; lver —
the reference length scale; fi1 — the function is
borrowed from Mellor and Herring; y - the
intermediate variable; C,1 — the model constant, 7.1;
fu2 — the function is constructed, just like f.1, so that St
maintains its log-layer behavior all way to the wall; g
— the intermediate variable; Cys — the model constant,
2; r — the intermediate variable; Cy, — the model
constant, 0.3; 22 —the vorticity tensor; Crot — the model
constant, 2; S — measure of the deformation tensor; vo
— undamped turbulent kinematic viscosity.

Results and discussion

The contours of the cell Reynolds number,
velocity, and pressure of water and industrial oil flow
in the pipeline with the diffuser are presented in the
Figs. 2-7. The maximum value for each parameter on
the contours is red, and the minimum value is blue.

Flow regime of water and industrial oil in the
pipeline with the diffuser with initial velocity of 1 m/s
is laminar, since the calculated Reynolds number is
less than 2300.
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Figure 2 — The contours of the cell Reynolds number of water flow: A — laminar flow; B — turbulent flow
according to the Algebraic yPlus model; C — turbulent flow according to the L-VEL model; D — turbulent
flow according to the k-¢ model; E — turbulent flow according to the k- model; F — turbulent flow according

to the Spalart-Allmaras model.
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Figure 3 — The contours of the cell Reynolds number of industrial oil flow: A — laminar flow; B —
turbulent flow according to the Algebraic yPlus model; C — turbulent flow according to the L-VEL model; D
— turbulent flow according to the k-& model; E — turbulent flow according to the k- model; F —turbulent
flow according to the Spalart-Allmaras model.
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Figure 4 — The contours of flow velocity of water: A — laminar flow; B — turbulent flow according to the
Algebraic yPlus model; C — turbulent flow according to the L-VEL model; D — turbulent flow according to
the k-¢ model; E — turbulent flow according to the k- model; F — turbulent flow according to the Spalart-

Allmaras model.
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Figure 5 — The contours of flow velocity of industrial oil: A —laminar flow; B — turbulent flow according
to the Algebraic yPlus model; C — turbulent flow according to the L-VEL model; D — turbulent flow
according to the k-¢ model; E — turbulent flow according to the k- model; F — turbulent flow according to
the Spalart-Allmaras model.
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Figure 6 — The pressure contours of water flow: A — laminar flow; B — turbulent flow according to the
Algebraic yPlus model; C — turbulent flow according to the L-VEL model; D — turbulent flow according to
the k-¢ model; E — turbulent flow according to the k- model; F — turbulent flow according to the Spalart-

Allmaras model.
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Figure 7 — The pressure contours of industrial oil flow: A — laminar flow; B — turbulent flow according
to the Algebraic yPlus model; C — turbulent flow according to the L-VEL model; D — turbulent flow
according to the k-¢ model; E — turbulent flow according to the k-w model; F — turbulent flow according to
the Spalart-Allmaras model.

2 Clarivate
AnalytiCS indexed

Philadelphia, USA 379



ISRA (India) =4.971
ISI (Dubai, UAE) = 0.829
GIF (Australia) =0.564
JIF = 1.500

Impact Factor:

SIS (USA) =0.912 ICV (Poland) =6.630
PUHII (Russia) = 0.126 PIF (India) =1.940
ESJI (KZ) =8.997 1BI (India) =4.260
SJIF (Morocco) =5.667  OAJI (USA) =0.350

Let us consider flow of water in the pipeline.
Flow velocity of water at the outlet of the diffuser
increases by 8% relative to initial velocity. The
maximum value of the Reynolds number in these
conditions is 2105. The calculation according to the
Algebraic yPlus and L-VEL turbulence models results
in increasing flow velocity of fluid by 10% relative to
initial velocity. The Reynolds number does not
change. Flow velocities calculated according to the k-
¢ and k-o turbulence models increase by 12% and
11%, respectively. However, the Reynolds number
decreases by 1.6 times. The minimum values of flow
velocity of water and the Reynolds number were
determined at the calculation according to the Spalart-
Allmaras turbulence model.

Let us consider flow of industrial oil in the
pipeline. Flow of industrial oil is characterized by
constant maximum velocity at the inlet to the diffuser
in the conditions of the computer calculation
according to the Algebraic yPlus, L-VEL, Spalart-
Allmaras turbulence models and the laminar flow
equation. It can be noted that maximum flow velocity
of industrial oil increases by 10% compared to flow
velocity of water. However, according to the k-¢ and
k-w turbulence models was observed decreasing
maximum flow velocity of industrial oil to initial
velocity. The calculated values of the Reynolds
number of industrial oil flow (from 1.30564 to
2.52396) indicate that it is impossible to the formation
of vortex flows when fluid moves through the diffuser.
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