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The configuration of interest here has been selected by the 15th ERCOFTAC Workshop on 
Refined Turbulence Modelling as a benchmark for turbulent convection mixing. The flow 
consists of air flow at 12°C entering a small duct of diameter B mixing with air flow at 60°C 
entering a larger duct of diameter 2B. The experimental tests were conducted by Prof. 
Masafumi Hirota from Department of Mechanical Engineering, Japan [1]. The configuration 
is similar to that used for film cooling of gas turbine blades but with a major difference 
relating to the width of the vertical branch, which is in film cooling smaller than that of the 
main channel and equal in the present application. One of the typical T-junction applications 
is found in the HVAC (Heating, Ventilating, and Air-Conditioning) unit used for automotive 
air-conditioning system. 

 
 

Figure1. Schematic diagram of the test channel 
 

SOLUTION METHODOLOGY 
The governing Navier Stokes equations are solved by the use of a three-dimensional finite-
volume method that allows the use of arbitrary nonorthogonal grids, employing a cell-
centered grid arrangement. A detailed description of the method is reported in Majumdar et al. 
[2]. Both RANS and scale resolving equations have been solved; in the later approach 
(inherently unsteady), use was made of Scale Adaptive Simulation model (SAS-SST).  
 
RANS MODELLING DESCRIPTION 
In the RANS context, the Reynolds-stress tensor is approximated within the context of the 

k  turbulence model coupled with a one-equation model resolving the near-wall viscosity 
affected regions: two-layer approach. The two-layer DNS-Based k  model (TLV) used 
here is a re-formulation of the so-called velocity-scale-based model (TLV) of Rodi et al. [4], 
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in the sense that the turbulent kinetic energy is re-incorporated as a velocity scale. A detailed 
description of the model is reported in Azzi and Lakehal [5]. 
 
SCALE RESOLVING SIMULATION 
SAS-SST turbulence model is built in frame of URANS strategy but it has the capability of 
resolving the turbulent spectrum in unsteady flow regions. According to Menter [6], the 
Rotta’s k-kL turbulence model is well suited for a term-by-term modeling and shows 
interesting features compared to other approaches. Nevertheless, the weakest part made in this 
model is in neglecting the second velocity derivative and maintaining the third one. The 
model is then suited only for homogenous turbulence and need additional terms to be applied 
in the near wall zones. Menter [7] suggests then to replace problematic third velocity 
derivatives with the second one. The formulation proposed by Menter can operate in standard 
RANS mode, but has the capability of resolving the turbulent spectrum in unsteady flow 
regions. SAS models adapt the length scale automatically to the resolved scales of the flow 
field. The distinguishing factor in the model is the use of the von Karman length-scale, LvK. 
 
IMPLEMENTATION AND CASE SPECIFIC DETAILS 
The computational domain is composed by two blocks representing the main channel and the 
branch. Only half of the physical domain is computed and a symmetry boundary is applied at 
z=0 plane applicable to RANS simulations only. In SAS-SST, the entire domain is 
considered. Conforming to the experimental test, the coordinate system is set with x 
downstream, y crossflow, and z spanwise, with the (x,y,z)=(0,0,0) origin downstream of the 
center of the vertical branch. Results will be provided along specified lines as showed in 
figure 1. Furthermore and according to computational evolution, results with SAS-SST 
computations will be presented. 
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