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1. Introduction

The study of fluid flow in asymmetric geometries and the
expansion of geometry is important from the perspective
of the principles of fluid mechanics, because it shows
fluid separation and reconnection. The most widely used
turbulence models are the standard k—e model, the
standard k—o model, and the SST k- model. Neural
networks are new computational methods whose main
advantage are high speed and optimal accuracy in
predicting nonlinear variables. In this research, the
numerical solution of turbulent flow in an asymmetric
two-dimensional diffuser is investigated to predict flow
separation and also compared with neural network model
and experimental data.

2. Results

The geometry of the problem shown in Figure 1 consists
of an input boundary and an output boundary, and the
other boundaries are the walls. The input limit is the input
speed condition and the output limit is the zero pressure
limit condition. Figure 1 shows the X-direction velocity
contour for all three standard k-¢ turbulence models, the
standard k-w model, and the SST k- model, indicating
that the flow at the diffuser inlet has the highest velocity.
As the fluid flows in the X direction, as the cross section
area increases and the pressure increases, the velocity
reaches its lowest value (in some places a negative
velocity). The negative velocity in the diffuser indicates
the separation of the boundary layer. Given that in this
study the value of the Reynolds number is 20,000, the k-
o and SST k- models are more successful near the wall,
which is better than the standard k-¢ model for high
Reynolds numbers.

To perform neural network simulation, measured data
at different points of the diffuser were used. 70% of the
total data was selected for training, 15% for validation,
and 15% for testing. The points x and y/H are considered
as inputs and U/UOQ as the output of the neural network.
Trial and error procedure was used to determine the
optimal number of hidden layers. A structure with the
least number of hidden layers with an acceptable degree

of error is selected. The selected 3-layer neural network
has the number of neurons. The results of its comparison
with other numerical models are given below.
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Figure 1. Speed contour in X direction for standard
k-g, k-o, and SST k-® models

Figure 2 compares all models with experimental
measurements for distances 21, 29, 39 and 49. It is clear
that the results of the standard k-w and SST k- models
are acceptable and the results of the ANN model are very
close to the experimental results and the flow separation
is predicted more accurately. The standard k-g model,
however, has not been very successful in predicting flow
separation.
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Figure 2. Comparison of models with experimental
measurements at distances of 21, 29, 39 and 49 cm from
the input edge

To better compare the four models, statistical
indicators were used, the results of which are shown in
Table 1. As it is clear, the neural network was better than
other models for predicting the desired speed.

Table 1. Results of statistical indices of four models used at
four points 21, 29, 39 and 49 cm from the input edge

ANN
X t-test MBE RMSE
21| 7.074 1.5809e-4 | 2.3443e-4
29 | 0.4353 | -4.8432e-5 | 8.6319e-4

39 | 20.1431 0.0011 0.0012
49 | 23.3591 0.0014 0.0015
Standard K-¢

21 | 16.7101 0.429 0.4729

29 | 12.3457 0.2279 0.269

39 | 16.9097 0.158 0.1738

49 | 27.994 0.1655 0.1717
Standard k-

21 | 11.3655 0.4132 0.5

29 | 7.5805 0.2408 0.3443
39 | 7.7266 0.1697 0.2403
49 | 13.3088 0.1679 0.1964
SST k-®
21 | 10.1581 0.4136 0.5201
29 | 6.8506 0.2464 0.3719
39 | 6.9944 0.1727 0.2577
49 | 12.2662 0.171 0.2022

3. Conclusion

In this study, to predict the flow separation in an
asymmetric two-dimensional diffuser, three turbulence
models standard k-g, standard k-o, and SST k-o and
intelligent neural network model were investigated. To
test the independence of the network, the standard
turbulence model k—e is used. The asymmetric two-
dimensional diffuser was studied using the second type of
networking, Mesh B. In this research, the value of
Reynolds number is 20,000. The flow enters the diffuser
with an input speed of 29.21 meters per second. Due to
the Reynolds number value as well as the reported shapes,
the k-@ and SST k-« models have been more successful
near the wall. In this study, a 3-layer neural network
model was selected which has the number of neurons [5
6 7]. The results of the standard k-w and SST k- models
are acceptable and the results of the ANN model are very
close to the experimental results and the flow separation
is predicted more accurately, but the standard k-¢ model
has not been very successful in predicting flow
separation. Statistical indices of RMSE, MBE and t-test
for all the four models were also calculated and
compared, which also indicates this issue.
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