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Abstract The basic purpose of the hydraulic tank is to hold a volume of
fluid, transfer heat from the system, allow solid contaminants to settle and
facilitate the release of air and moisture from the fluid. To perform these
important tasks more efficiently, the tank must be propertly dimensioned
and it must operate in correct flow rate range. At high flow rates it can be
subjected to effects of turbulence, leading to poorer performance of the
tank. To predict turbulent effects correctly a numerical simulation, based
on RANS approach is prepared and run. Difference between k — & model
and k — w Shear Stress Transport (SST) is investigated and results are

presented. Impact of choice of turbulence model is discussed.
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1 Introduction

One of the functions of a hydraulic tank is to remove air bubbles and particulate
contaminants that have been introduced into hydraulic fluid due to vatious
reasons, among them leaks in the pipe connections and wear of hydraulic system
components. Depending on flow conditions (turbulent intensity) particles settle
and air bubbles rise with varying degree of efficiency, less disturbed and turbulent

flow allows for a higher efficiency of removal of contaminants.

In anticipation of occurrence of unfavourable flow conditions it can be beneficial
to have detailed information about the flow inside the hydraulic tank before the
final design is decided. For this purpose a computational fluid dynamics (CFD)
study can be performed on an early design proposal (or to analyse existing tank).
However, as complexity of analysed flow increases so does the complexity of

modelling the flow.

With respect to flow rate (or velocity) through the tank, two distinct types of flow
occur, laminar and turbulent. Turbulent flow introduces additional complexity in
description of the flow and different approaches exist to obtain numerical
solution of turbulent flow. From practical standpoint RANS approach provides
a good balance between computational effort, modelling complexity and
accuracy of predicting turbulence in the flow. Within the RANS approach
different models based on Boussinesq hypothesis exist. These are classified by
number of additional equations to model turbulent viscosity, such as one
equation Spalart-Allmaras model and several two equation models among them

k-epsilon (k-¢), £-omega (£-w) and Menter’s Shear Stress Transport (SST) model
(11, 2]

In this work we applied the £-epsilon (£-¢) model and Menter’s Shear Stress
Transport (SST) model and compared the resulting flow.

2 Numerical modelling

An Eulerian approach to describe fluid flow is used in this study. This approach
is implemented and readily available in commercial CFD solvers, in this study
ANSYS CFX 2020 R2 was used [2]. In all simulations the flow was isothermal
with fluid properties listed in Table 1 and steady-state mode was selected.
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Table 1: Liquid properties used in simulations
Liquid (O1l) Density Dynamic viscosity | Kinematic viscosity
[kg/ ] [kg/m s] [m/s]
1ISO VG 22 856.8 0.018147024 0.00002118
Fluid flow is described with continuity equation:
ip = N
E+V'(pu)=0 1
and Navier-Stokes equations:
a(pu) — =\=_ = 72— —
ot p(u-V)u=-Vp+uv*u+pg )

where p is fluid density, U is fluid velocity, p is pressure, y is fluid dynamic

viscosity and g is gravitational acceleration.

To model turbulent flow equations (1) and (2) are Reynolds-averaged and the
resulting equations are Reynolds-Averaged Navier-Stokes equations (RANS).
Any time dependent flow variable ¢ (t) is split:

() = d(O)+ ¢’ () 3)

So that ¢(t) represents a mean value and ¢'(t) represents time-dependent
fluctuation with respect to this mean value. Mean value is obtained by applying

sliding time-averaging window:

1 t+At
J

¢(t) = o )5 POt @
where the time-averaging window is written as an interval [t — At, t + At ].

After applying the Reynolds averaging procedure, continuity equation is rewritten
as:
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op = 2
X+V-(pu)=0 5)
And Navier-Stokes equations (RANS) are rewritten as:

6(pﬁ)

at

+p(ﬁ-ﬁ)ﬁ=—V§+,uvzﬁ—v-(pw>+p§ (©)

where U is now a mean flow velocity, P a mean pressure and U’ is fluctuation of
fluid flow velocity with respect to its mean value. An additional term in equation
(6) arises as a result of averaging procedure, named Reynolds stress. In this work

this term is modelled based on the Boussinesq hypothesis:

e —— T 2 /= =\=
pu'u’ =y, [(Vu +Vu ) -3 (V . u) I] @)
where a turbulent viscosity f; is introduced and I is the identity matrix.

Turbulent viscosity is expressed with turbulent kinetic (k) energy and rate of
dissipation of turbulent kinetic energy (€) within the k — & turbulent model

formulation:

kZ
e = Cup— ®)

&€

To model turbulent viscosity two additional transport equations for two
turbulent variables are introduced. Turbulent kinetic energy is defined as:

1
k=3 (ux'ux' +uy'u,’ + uz'uz') )

For two equation turbulence models isotropy of turbulence is assumed u,'u,," =

uy,"uy" = u,'u," and transport equation for turbulent kinetic energy is written

a(g’tk)+ﬁ-(pkﬁ)=v'[(H'*'Z_;)Vk]"'P"_pg (10)

For £-¢ model the second transport equation is written for transport of the rate

of dissipation of turbulent kinetic energy (€)
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a(pe)
at

+V-(peu) = V- [(u + Z—z) Vs] +%(C€1Pk — Ceppe) (11)

In equations (8) and (9) Py is production of turbulent kinetic energy, additional
terms are sometimes added to account for buoyancy and other effects. Model

parameters are listed in Table 2.

Table 2: £-¢ turbulent model parameters

Cel Cez Ok O¢ Ju
1.44 1.92 1.0 1.3 0.09

Another two equation turbulence model is £-@ Shear Stress Transport (SST)

model. Turbulent viscosity is then expressed as:

pk 1
= ___ - 12
He ="+ max[ 13 (12)
a’aiw
where w = €/k is specific rate of dissipation of turbulent kinetic energy, a*is
low Reynolds number damping coefficient set to 1 in a high Reynolds number
flow, a4 is a model constant, S is the strain rate magnitude and F; is the second

blending function. Strain rate magnitude is defined as:

s =258 (13)

where § is the strain rate tensor:
§=-(Vu+vu') (14)

Second blending function is defined as

F, = tanh [[max (;:fy, Z’/OZ(::)]Z] (15)
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where " is a model constant, y is distance to the wall and v is kinematic viscosity
of fluid. Transport equations for turbulent kinetic energy (k) and for specific rate

of dissipation of turbulent kinetic energy (w) are:

alpk) | © - _ . LAY o
5tV (pku) =V [(u + Jk) Vk] + P, — pBkw (16)
%:))+V- (pwu) =

V- [(u+:—i>ﬁw]+p%—ﬁpw2 +2(1—F1)’N;—“"2(Vk)-(ﬁw) (17)

where Py is production of turbulent kinetic energy, 8 is a model parameter, Fy is
the first blending function and 0, is a model constant. gy, g, are model

parameters further defined as:

1

= 1
Tk F1 /0 1+(1-F,)/0g > (18)
o = L (19)
@ F/041+(1-F) /042
where 0y 1, 0y 2 and g, 1 are model constants.
The first blending function is defined as:
7 4
_ . k  500V\ 404,k
F; = tanh “mm [max (B*wJ/' wa) , Ckayz]] ] (20)
whete CDy,, is defined as
CDy = max (2poy,, = (Vk) - (Va), 10710) 21
kw = MAX | £P0 )2 ® , ( )

Model constants are listed in Table 3.
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Table 3: £-w Shear Stress Transport (SST) model constants
ar ! B Ok,1 Ok,2 Ow,1 Ow,2
1 0.31 0.09 1.176 1.0 2.0 1.168
3 Geometry and computational mesh

In this study the analysed geometry was a hydraulic tank WN-LC-63-1RO with
30 litre capacity, shown in Figure 1.

Two turbulent models under consideration have different requirements for near

wall mesh cell size (density). With standard £&-@ model a standard log-law wall
function approach is employed, therefore the recommended dimensionless wall
distance is: [2], [3]

30 < y* <300 (22)

Dimensionless wall distance (y ") is defined as:
Tw
yt == |2 (23)

where y is normal distance from cell centroid to the nearest wall, v is the

kinematic viscosity of fluid, T,, is the wall shear stress and p is fluid density.

For k- SST the condition for y* is more relaxed, however the benefit of this
turbulent model is for sufficiently small values of y* < 5 (sufficient mesh
density near the wall) viscous sublayer can be resolved [2], [3]. This is beneficial
for situations with adverse pressure gradients and separation of flow, where

standard 4-¢ fails to correctly predict the flow.

Because of different required mesh densities near the wall, two meshes were
created, one for each turbulent model. Details about both meshes are presented

in Table 4 and difference in mesh density near the wall is visible in Figure 2.



INTERNATIONAL CONFERENCE FLUID POWER 2021: CONFERENCE PROCEEDINGS

Figure 1: Considered hydraulic tank
a) appearance of the tank [3], b) computer generated 3D geometric model.

Table 4: Mesh metrics

Mesh Number of | Minimum Maximum |Minimum [Maximum
name elements element element value of | value of
orthogonality |aspect ratio yt y*
M1 366 862 0.0533 22.96 0 54.86
M2 2675435 | 0.0499 6708 0 0.4312
) b) i
- q%ﬁ%‘l"ﬁﬁl ‘\ ]
7
AR TR -l

Figure 2: Geometry cut with a plane parallel to the bottom of the tank, visible corner with
cut intake pipe;
a) mesh M1, b) mesh M2.
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4 Boundary conditions and simulation setup

To ensure that turbulent flow is present inside the tank, flow rate through the
tank was set such, that high enough Reynolds number in both the intake pipe
and outtake pipe was achieved, as seen in Table 5. Both inlet and outlet boundary
condition were prescribed as average inlet and outlet velocity, all other surfaces

of the tank were taken as no-slip walls, as shown on Figure 2 b).

Table 5: Intake and outtake boundary conditions

Flow Rate Reéinuke |Reounke | Average intake Average outtake
[1/min] velocity velocity
[m/s] [m/s]
60 2755 | 2164 2.675 1.651

Reference pressure within computational domain was set to 1 atm, turbulence
intensity was set to 1 % as initial condition and as inlet boundary condition. Both
advection and turbulent numeric scheme was chosen to be high resolution and
Root Mean Square (RMS) convergence criterion was set to 107* for all
equations. For velocity-pressure coupling Fourth Order Rhie Chow option was
selected.

5 Results and conclusions

Both turbulent models resulted in flow with similar main features, such as
vortices in the centre of the tank and close to the outtake pipe. This is shown
visible in Figure 3 and Figure 4, where streamlines and velocity vector field are

shown.
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Figure 3: Streamlines, coloured by fluid velocity;
a) k-¢ model, b) £-@ SST model
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Figure 4: Velocity contour with normalized velocity vector field;

a) k-& model, b) k-» SST model.

Significant differences are seen in comparison of predicted wall shear strain rate,
shown in Figure 5. Both models predict the highest values of shear strain rate on
the bottom wall in the corner underneath the oil tank intake pipe, however k —
& model predicts lower values compared to £-@ SST model. Although general
features of the fluid flow were recognized to be similar for both turbulent models,
a more detailed presentation is shown in Figure 6, where velocity magnitude is
plotted along the height of the tank in the centre of the tank. From these velocity
profiles it is apparent that £&-@ SST model predicts different velocity profile
compared to £-& model, particularly higher velocity gradient on the bottom and

top wall is observed in the case of £-@w SST model.
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It should be noted that the difference in velocity profile could arise as a
consequence of vastly different mesh densities in the bulk of the flow as well as

near the wall, resulting in corresponding difference in flow solution resolution.
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Figure 5: Shear strain rate on the bottom wall of the tank;
a) k- model, b) £-@ SST model.
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Figure 9: Vertical velocity profiles in the centre of the tank for both turbulent models
under consideration.



152 INTERNATIONAL CONFERENCE FLUID POWER 2021: CONFERENCE PROCEEDINGS

6 Discussion

Both turbulence models gave similar flow field prediction. In the case of £-@ SST
model higher shear strain rates were calculated, which would indicate more
intensive energy dissipation. It would follow then that due to higher flow
disturbance bubbles and particles would take longer to rise or to settle.

To validate the results and determine, which model is more appropriate
comparison to experiment should be made. An interesting research avenue
would be also to include thermal effects on predicted flow, particularly in

combination with temperature dependent oil viscosity.

At the end it should be noted that for different flow rates or oil viscosity, the

flow regime could become laminar, rendering turbulence modelling unnecessary.
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