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Abstract — This paper deals with the use of a hybrid RANS/LES method. This approach has been
applied on the flow in an asymmetric plane diffuser at a Reynolds number of ��������� based on the inlet
bulk velocity and the inlet channel height. In the hybrid approach, a one-equation turbulence model is
used in the near-wall region. At a certain distance from the wall, where the LES resolution is good, a
switch to a one-equation SGS model is made. Turbulent structures are constructed from channel DNS
data and used as an approximate condition at the interface between the LES and RANS regions. The
RANS region is specified to be in a region with constant mass flow (i.e. the interface is located along a
streamline). Computations with and without the interface condition and for various extents of the RANS
region have been conducted and are presented in the paper. The standard hybrid RANS/LES approach
produces poor results, whereas the interface condition improves the results considerably.

1. Introduction and Motivation
The idea with the hybrid RANS/LES approach is to use RANS in the near-wall region. This cir-
cumvents the resolution problem with wall-resolved large-eddy simulations, where the require-
ment on the resolution is based on wall units. Instead, in the hybrid approach, the requirement
on the resolution is that it should be sufficiently fine in the region outside the near-wall region
(in the off-near-wall region). This is the region where LES is applied and the requirement can
be expressed in outer length scales, which can e.g. be related to the boundary layer thickness
or the height of a separation region. In the diffuser case studied in this paper it could be based
on the increasingly higher diffuser height. In the RANS region it should be assured that the
RANS resolution is wall resolved (i.e. �	�
��� ). The amount of nodes saved are huge compared
to wall-resolved large-eddy simulations, especially when aiming at solving for high-Reynolds
number flows.

What are the benefits of using LES in the off-near-wall region? This was investigated (with-
out any special near-wall treatment) in the flow around the Aerospatiale A-profile [1]. In this
flow the treatment of the laminar region and the transition is probably more important than the
near-wall modelling. It seems that the more complex the outer flow structures are, the more
beneficial is LES. The near-wall structures play a less dominant role compared to the outer
flow structures. An example, which has been successful, is the DES approach for massively
separated flows [2–4].

However it is evident that in order to investigate the benefits of using LES in the off-near-wall
region for this diffuser case the near-wall region must be modelled. In channel flows the near-
wall structures play a dominant role and coarse LES fails to predict this seemingly simple flow.
Also the standard hybrid RANS/LES approach does not produce good results [5]. An additional
condition seems to be necessary at the interface between the RANS and LES region. In this
paper this new interface condition is described and results from this approach are presented.
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2. Governing Equations & Modelling Issues
Filtering or time averaging (the bar means filtering in the LES region and time averaging in the
RANS region) of the incompressible continuity and momentum equations results in� ������������ (1)

� ����
	�� ��
���� ��� ���� ��� � � �������� ����� ��� � ����
������ �� � (2)

� �! � ���"�� � ��� �#
(3)

Here, � �! are the subgrid scale (SGS) or turbulence stresses. In LES they are the contribution of
the small scales, the unresolved stresses. In RANS they are the contribution of all turbulence. In
either case they are unknown and need to be modelled, here using the eddy-viscosity hypothesis:

� �! � $&% �! �(')'*���,+ �.- / �!
(4)

Here,

/ �! � 
02143 5�6798;: � 3 5 :7<8 6>= is the strain rate.
The transport equation for the kinetic energy reads:

��? -�
	 � ��
�� ��@�A�? - � � ��
�� � � � � �.- � �B? -�
�� � �DCE'F��GIH ?�J<K 0-L H (5)

CE',�M+ �.- @/ �� @/ �!.N �.- �MG�' L ' ? 
 K 0-
(6)

Chen and Patel Yoshizawa [6]GIH  PO �RQG�' � O �PS � O �RTL H + OVU SRQ,W � �  ��XZY�[)\ 0^])_ ' K^` � aL ' + OVU SRQ,W � �  ��XZY�[)\ [ 
cb J ] _ ' K^` � a
Table 1: The constants and length scales in the one-equation models.

The one-equation model used in the present computations is based on the one-equation SGS
model by Yoshizawa [7] and the one-equation turbulence model by Chen and Patel [8]. In the
LES region it models the kinetic energy of the unresolved stresses (

? - � ?Rdfegd
) and in the RANS

region it is a model for the turbulent kinetic energy (
? - � ?

). The model constants and length
scales are summarised in Table 1. In the LES region the filter width,

a
, is set to the third root

of the finite-volume cell (
a �h� a��Ba

�
ajiR� 
 K^J

).
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Figure 1: Interface condition using Taylor’s hypothesis.
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Figure 2: Interface condition implemented at the first LES cell using the comstructed velocity
fluctuations,

�)�
and * � ( + � not shown), and * ��,���-� ��� .

2.1. Interface condition
Instantaneous DNS data from a channel computation at . X0/ � Q4�P� are used as inlet boundary
conditions. The instantaneous DNS data, at a prescribed distance from the wall, are transformed
along a matching plane at each time step using Taylor’s hypothesis or the assumption of “frozen
turbulence”. We imagine that the DNS turbulence is frozen and just convected downstream (see
Fig. 1). At each point, 	 0 , at the matching plane, we can compute the travelling time,

	 [ , it takes
for the inlet data (at point 	 
 ) to reach point 	 0 , as	 [ � �21 d��d � 3 	��d � 	 � N (7)

where
��d

is the velocity along the streamline. The level of the turbulence is modified by scaling
it with the kinetic energy at the point,

? � 	 0 � , (from the one-equation model) and the inlet kinetic
energy,

? � 	 
 � , (from the DNS data):� � � 	 0 N iAN)	g� � � � � 	 
 N i N)	 [ � W54667 ? � 	 0 �? � 	 
 � (8)
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Figure 3: The diffuser mesh ( +PQ���������� + U nodes).

This is computed in the same way for the fluctuations in the other directions ( * �
and + � ). In this

way approximate turbulent structures are constructed at the matching plane. These structures
are implemented in the code at the first LES cell imposing that the resolved stresses are zero in
the RANS region (see Fig. 2). For the interface close to the lower wall the source added to the
momentum equations in the LES cell adjacent to the matching plane is� � �� � 	 0 � * � � 	 0 ���2d N

(9)

where index 	 denotes
� �

direction and
� d

denotes the area of the LES cell facing the matching
plane. This source corresponds to adding the term � ��
 � �� * ����4��� to the differential form of the
momentum equations (Eq. 2). Here

�
is the coordinate from the wall into the flow.

3. Computational Setup
Based on the inlet channel height, � , and the bulk velocity, ��� , the Reynolds number is  �P�P�P� .
The outlet channel has a height of U
O T � . At

��� � � � the inclined wall starts with a slope of
approximately  ��� and ends +  channel heights downstream. More details about the asymmetric
plane diffuser case can e.g. be found in Ref. [9]. The experiments have been conducted by Buice
and Eaton [10], where extensive care has been taken to assure the two-dimensionality of the
flow. In these experiments the Reynolds number is +4�P�4�P� , based on the centerline velocity, ��� ,
resulting in a slightly lower Reynolds number in the experiments compared to the computational
setup. In the experiments . X � �  TPQ UPU , since ��� � 4O  U ��� .

Figure 3 shows the mesh, which consists of +PQ�� nodes in the streamwise direction, ��� in
the wall-normal direction and + U nodes in the spanwise direction. The grid size,

a i
, is set to� O  � U � and thus the extent in this direction, �! , is equal to U
O � � . The wall distance to the

first node, � �
 , is less than  . The inlet is located at
� � �,T O S � and the outlet at

� �"�P� � .
Figure 4 shows the resolution along the top wall of the diffuser (it is finer on the lower wall).
The resolution is too coarse for a wall-resolved simulation as is seen in the wall-unit based plot.
The resolution expressed in the half height of the diffuser is also shown in Fig. 4.

An incompressible, finite volume code is used [11]. For space discretisation, central differ-
encing is used for all terms. The Crank-Nicolson scheme is used for time discretisation. The
numerical procedure is based on an implicit, fractional step technique with a multigrid pressure
Poisson solver and a non-staggered grid arrangement [12].

The time step is set to
a 	 ��� O � UPU	 � � ��� (giving a maximum CFL-number of approximately

one). The time averaging is started after one flow-through time and the data is then collected
for another Q flow-through times. At the outlet a convective boundary condition is used for the
velocities. Instantaneous DNS data from a channel computation at . X / � Q4�P� is used as inlet
boundary condition.

4. Results
Results from four computations are presented in this paper. Three of them are hybrid RANS/LESs
with different extents of the RANS region. The interfaces are located at � �#�� � U $ , � �#-� � �4�
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Figure 4: Resolution along the diffuser based on wall units and based on outer length scales. � 8
and �  are the amount of nodes per half height of the diffuser in the streamwise and spanwise
direction, respectively.

and � �#-� � �R+ . These values are at the inlet channel. Downstream, the RANS region is within
a constant mass flow (so that the streamwise mass flow in the RANS region is constant for all�

). These simulations are compared to the best RANS computation presented in Ref. [5]. Also
simulations without the interface condition have been conducted with the matching lines at the
locations above. However these simulations are not shown here. They produce poor results, e.g.
the separation is not predicted.

The results are shown in Figs. 5-9. Streamlines are shown in Fig. 5 for the hybrid RANS/LES
approach and the figure shows that the simulation is instationary in the LES region.

The pressure and skin friction coefficients are shown in Fig. 6. The skin friction coefficient
is reasonably well predicted on the bottom wall for the hybrid RANS/LES computations with
� �#�� � U $ and � �#�� � �P� . The level for the pressure coefficient is too high in the diffuser for the
simulations with � �#�� � �P� and � �#�� � �R+ .

In Fig. 7 velocity profiles are shown and compared to experiments. In the RANS computa-
tion (the thick lines) we get good results in the inlet channel and in the inclined wall region.
Downstream of the inclined wall the mechanism of the reattachment is poorly captured (it is far
too slow), the separation bubble being too long and the recovery length much too long. This
is a usual problem for RANS models: to have a too slow redevelopment of the boundary layer
downstream of the reattachment.

Two of the hybrid RANS/LESs gives good results all along the diffuser and the length of
the separation bubble is close to the length measured in the experiments. In the experiments
the reattachment location is at approximately +4S � (the separation is between

��� � � � O Q and��� � � T ). Although channel flow simulations produced good results at � �#-� � �R+ [5], the
simulation in the diffuser produces poor results and apparently the matching line is too far from
the wall.

The resolved normal stresses in the streamwise direction are shown in Fig. 8. The stresses
are low in the RANS region for the hybrid approach, especially in the separated region. The
eddy viscosities are shown in Fig. 9, note how the RANS region extends far from the wall in the
separated-flow region because of the mass flow condition for the matching line. The idea with
hybrid RANS/LES is illustrated in Fig. 9: when reaching the LES region, the eddy viscosity
decreases significantly and the resolved stresses increase.
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Figure 5: Instantaneous streamlines, from the � �#�� � U $ -case.
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Figure 6: Pressure coefficients on the bottom wall and skin friction coefficients. Dashed line:
� �#�� � U $ -case; thin solid line: � �#�� � �P� -case; dotted line: � �#-� � �R+ -case; thick solid line:
RANS computation.
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Figure 7: Velocities,

 � � . Dashed line: � �#-� � U $ -case; thin solid line: � �#�� � �P� -case; dotted

line: � �#-� � �R+ -case; thick solid line: RANS computation.

5. Conclusions & Ongoing Work
The RANS computation shows a too slow recovery of the outlet channel boundary layer. In the
hybrid simulations the redevelopment of the boundary layer in the outlet channel is better and
the mechanism of the reattachment is better captured. The results are promising showing good
results for a RANS region extending up to � �#-� � �P� at the inlet channel.

In future work still more tests will be conducted on the diffuser and the approach will also
be applied on the flow around the Aerospatiale A-profile. In case of external flow with massive
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Figure 8: Resolved

 �B� �

stresses. Dashed line: � �#�� � U $ -case; thin solid line: � �#�� � �P� -case;
dotted line: � �#-� � �R+ -case.

0 0.01 0.02 0.03

3.8

4

4.2

4.4

4.6

0 0.2 0.4 0.6 0.8

0.5

1

1.5

2

2.5

3

3.5

4

4.5

0 0.01 0.02 0.03 0.04
0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

PSfrag replacements

�
� � � � �2Q O S � � � +4� O $ � � � U � O � �

Figure 9: Eddy viscosities. Dashed line: � �#�� � U $ -case; thin solid line: � �#-� � �4� -case; dotted
line: � �#-� � �R+ -case; thick solid line: RANS computation. Note that the scaling differs in the
three plots.

separation the wall distance to the interface must be limited.
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