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ABSTRACT

Multiple-view feature modeling is supposed to keep the information consistency during product
development. However, for products involving fluid flow, the information consistency is difficult to
keep because the application of CFD (Computational Fluid Dynamics) requires specific knowledge
and rich experience. To conquer this deficiency, intelligent CFD solver functions toward an expert
system are proposed to update the CFD analysis view in response to the changes in the design view
which is embedded in the CAD fluid functional features. The CAE interface protocol is used to convert
the features in the design view into the CAE boundary features in the CFD analysis view. The CFD
analysis view also includes the fluid physics features and dynamic physics features which support the
intelligent CFD solver functions. The intelligent CFD solver is enhanced with the capability to model
complex turbulent phenomena and estimate the discretization error. A case study of contracted pipe
is illustrated to show the effectiveness of the proposed multiple-view feature modeling method by

KEYWORDS

CAD; CFD analysis view;
multiple-view feature
modeling; expert system

comparing with empirical results.

1. Introduction

With the development of feature modeling techniques,
the application of features is not restricted to represent
the generic shapes only. In the whole product lifecycle,
features can also be used to model the non-geometric
properties which are usually driven by different activi-
ties in product development [24]. Each activity has its
own way of looking at a product [2]. However, exces-
sive subjective decisions and manipulations exist in this
process, which reduces the consistency and efficiency
[19]. Multiple-view feature modeling provides a specific
view for each product development phase and keeps
the information consistency through view updating [4].
Specifically, for simulation-based design, the analysis
view [26] should be fully integrated with CAD models
in a multiple-view product development environment. In
the development of fluid flow products, CFD (Computa-
tional Fluid Dynamics) technology is increasingly used as
an advanced support. However, the successful application
of CFD requires special knowledge and rich experience,
which is a barrier for the conversion from the design view
to the analysis view, and the maintenance of information
consistency. So far, the integrated analysis view with CFD
involvement has not been well studied.

There have been several approaches to multiple fea-
ture views, which take advantage of design by features,

feature recognition [9] and feature conversion [3, 28].
Cunningham and Dixon [6] use design by features and
feature conversion to create the feature model for the
design view and the finite-element model for the analysis
view, respectively [4]. Anderson and Chang [1] propose a
geometric reasoning method called feature refinement to
convert features in the design view into process planning
procedures in manufacturing view for material removal
operations. For injection moulding product, Deng et al.
[10] propose CAD-CAE features to capture both geo-
metric and non-geometric information from the design
view, which are used to establish the analysis view. Lee
[15] identifies the design view of the moulding prod-
uct contains the form features and the mouldability fea-
tures. Meanwhile, the manufacture view is focused on the
design of the mould. The translation from the design view
to the manufacture view is based on the geometric rela-
tionships between the product and the mould. Liu et al.
[20] propose the associative optimization feature model
to build the structural optimization view of the product.

The aforementioned approaches fall into the one-way
feature conversion in which features are usually derived
from the original design view [13]. Hoffmann and Joan-
Arinyo [12] put forward a master model which has
domain-specific clients who have their own view of the
product model. The CAD view, geometric dimensioning
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and tolerancing view, manufacturing process planning
view and other downstream views can be coordinated by
the master model under the control of the change proto-
col. Thus, multi-way feature conversion [8] is achieved
and the consistency is maintained at the same time.
Instead of focusing on the completely specified geome-
try and a single part, Bronsvoort and Noort [4] intro-
duce a new multiple-view feature modeling approach
which provides the conceptual design view, assembly
design view, part detail design view and part manufac-
turing planning view. This approach not only supports
the later phases of product development, but also the
earlier phases. Thus, a designer is able to specify the prod-
uct model from an arbitrary view, and the consistency is
kept by automatic consistency checking and recovering
algorithms.

Based on the multiple-view feature modeling app-
roach, Smit and Bronsvoort [26] propose that the analysis
view should be a feature model to propagate the changes
in a multi-directional manner. However, the current CFD
solver structure does not support this generally. It should
be noted that incorporating knowledge in the analysis
process is essential for the integration of analysis with
other activities in product development [26]. Therefore,
by applying artificial intelligence, CFD expert system can
be used to capture the knowledge needed in CFD analy-
sis and aid the automatic analysis regime validation and
selection in response to the changes in the design view.

As an early attempt, Kutler and Mehta [14] investigate
the potential impact of artificial intelligence on aerody-
namic simulation. EXFAN, a cooling fan design system,
is one of the first implemented AI/CFD systems [29].
EXFAN is a rule-based system which starts with a pri-
mary input and gradually modifies it through iterative
CFD analysis till the satisfactory design is obtained. A
hybrid system which incorporates both conventional and
expert systems is established by Dannenhoffer and Baron
[7] to conduct local compressible flow analysis. Aided by
artificial intelligence, Shelton et al. [25] use a design shell
coupled with a CFD solver to optimize the airfoil design.
Rubio et al. [23] use artificial neural network to create
an expert system which can be used to predict the time
required for the convergence of a CFD problem. Wesley
etal. [30] bring forward a CFD expert system by integrat-
ing Al and CFD to monitor the user input and inspect
unreasonable combination of operations. To guide the
CFD projects and aid the users in applying CFD, Stremel
et al. [27] implement BPX (Best Practices eXpert). So
far, the automated CFD solver functions are still urgently
needed because the knowledge behind the solvers is still
nontransparent to junior users.

In this paper, the CAE interface protocol [17] is used
to convert the fluid functional features [18] in the design

view into the CAE boundary features [17] in the CFD
analysis view. Based on the physical knowledge, intelli-
gent CFD solver functions toward an expert system are
established to further process those features and gen-
erate a robust simulation model with the help of fluid
physics features and dynamic physics features [18] in the
CFD analysis view. Consequently, the consistency is kept
properly and the CFD analysis view can be fully ful-
filled. The following section introduces the mechanism
of feature conversion between different views. The feature
model of the CFD analysis view based on the intelligent
CFD solver is described in Section 3. In addition, the
subroutine for the advanced turbulence model and the
process of grid independence analysis and error estima-
tion are developed for this intelligent CFD solver. Section
4 demonstrates the case study of a section of a contracted
pipe, which is used to show the functions of the proposed
feature-based intelligent CFD solver and compare the
results obtained from this system with empirical results.
The conclusions are made at last.

2. Feature conversion

Based on the engineering knowledge, including proper-
ties, behaviors, shapes, and physical phenomena relating
objects [5], and using design by features, the geometry
of the product can be created parametrically. Accord-
ing to the functional requirement derived from design
intent, the CAD fluid functional feature is defined as a
class of design intent attributes which are composed of
design parameters and functional descriptions, as well as
functional fluid geometry [18]. The CAD fluid functional
features not only convey the design intent to the down-
stream applications but also entail the design view. As a
result, except for the geometrical features, the design view
covers the non-geometrical features as well.

CFD is a numerical method to analyze the fluid flow
problems. The solving space is usually a discretized
fluid domain bounded by boundary conditions. The fea-
tures in the design view are transformed into features
in the CFD analysis view through feature conversion.
To achieve this, the fluid domain needs to be abstracted
with necessary defeaturing. Based on the function of the
product, the non-geometrical features like design objec-
tive, fluid properties and boundary conditions can be
derived from the design intent attributes. Such kind of
information is stored in the database, which can be used
in the CFD model. In order to keep the consistency,
the faces of the fluid domain are assigned specific tags
to identify their boundary type. The tag is an identi-
fier which can be recognized by both CAD and CFD
systems. It works as part of the CAE interface protocol.
Tab. 1 shows the mechanism of the geometric feature



Table 1. Geometric information transmission in the feature
conversion [17].

Tag Attribute Boundary condition
I, L, 13 ... ... ,Im Inlet Velocity or pressure inlet
01,02,03, ... ... ,0n Outlet Velocity or pressure outlet
Wi, Wy, W3, ... ... , Wp Wall No-slip wall
$1,82,S3, ... ... ,Sq Symmetrical plane Symmetry

conversion between the design view and the CFD anal-
ysis view, in which m, n, p and q are the numbers of the
corresponding faces in the abstracted fluid domain [17].
Then, the mesh can be generated based on the bound-
ary type and the boundary conditions can be assigned,
correspondingly. Ma et al. [21] suggest that the associa-
tive feature [22] can be used to establish the built-in links
among the related application-specific features while fea-
ture consistency is kept by self-validation methods. As an
extensive application of the associative feature, the CAE
boundary features include the fluid attributes inherited
from the design intent attributes and the meshed fluid
domain with boundary conditions attached. Thus, the
CAE boundary features link the CAD fluid functional
features in the design view and the downstream fluid
physics features to be introduced in the next section. This
feature conversion process is depicted in Fig. 1.

3. Feature-based CFD analysis view
3.1. Feature model of the CFD analysis view

Different from the static analysis, the CFD model requires
special expertise and rich experience to deal with the
nonlinearity. Thus, the solver configuration is a time-
consuming process and prone to mistakes, which may
lead to inaccurate results. Here, we propose to develop
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Figure 2. Data processing module.

intelligent CFD solver functions for dry steam simula-
tion, which are composed of different modules.

The data processing module of the intelligent CFD
solver is depicted in Fig. 2. The initial values are obtained
from the fluid attributes which are stored in the database.
The parameters in the following steps can be derived
using equations [18]. Here, i is the dynamic viscosity of
gas, p is the pressure of gas, T is the temperature of gas,
R is the gas constant, k is the specific heat ratio of gas, v
is the velocity of gas, d is the inner diameter of duct, p
is the density of gas, a is the speed of sound of gas, A is
the cross-sectional area of duct, Q is the flow rate of gas,
Re is the Reynolds number, and Ma is the Mach num-
ber. The Reynolds number and Mach number determine
the flow regime, and they can always be obtained regard-
less of the occurrence order of the other parameters if the
initial data pool is sufficient.

If the Reynolds number exceeds the critical value
(4000 for flow in the pipe), a turbulence model will be
selected. Meanwhile, the Mach number judges whether
the flow is compressible. If the compressibility effects can-
notbeignored (Ma > 0.3), the total energy model should
be selected and the reference pressure, as well as proper
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Figure 1. Feature conversion between the design view and the CFD analysis view.




646 L.LIETAL.

e
: UThIl]E@
| I

Advection
scheme

h 4
Incompressible
flow simulation

Total energy model
Reference pressure

N s
Laminar flow | | Turbulence madel Steady No symmetry
simulation selection state boundary condition
2 Subrouting d o
:I i for advanced Crank- Euler
modae! T
turbulence Nicolson implicit
models
h .
[

Solver

Figure 3. Physics model selection module.

boundary conditions should be setup to trigger the com-
pressible flow simulation. In the preliminary stage of the
simulation or at the time the simulation has convergence
problems, lower order discretization schemes like UDS
(Upwind Differencing Scheme) and Euler implicit, as well
as k — ¢ turbulence model if applicable, are preferred to
assist convergence. This physics model selection process
is illustrated in Fig. 3.

The residual is used as the convergence criteria of the
solving process. As shown in Fig. 4, the index i (iteration),
C (Convergence) and D (Divergence) will be updated
after each simulation run. All the solver setup and the
convergence status are recorded no matter whether the
simulation is converged or not. If a simulation converged,
post processing will be conducted to check whether the
solution matches the initial assumptions and expected
accuracy. If not, grid adaption will be activated based
on the existing simulation result. According to the peak
value of Reynolds number and Mach number obtained
from the simulation, the flow regime is double checked to
see whether the simulation model needs to be changed. If
a simulation diverged, the solver setup should be modi-
fied to achieve convergence. It should be noted that each
time when a new iteration starts, only one change is
allowed in the solver configuration to obtain the sensi-
tivity towards different simulation schemes. If the simu-
lation still has convergence problems after several succes-
sive runs, human intervention is needed to diagnose the
problem.

Higher order schemes can be applied after rounds of
successful simulations because the mesh will be further
refined. In such kind of situation, a subroutine will be
entered to select one advanced turbulence model if the
flow is turbulent. This program stops when the selected
turbulence model is able to demonstrate the dominant
features observed in the real-world turbulent flow based

on the converged simulation. If the flow regime used
to judge the fluid physics models is valid, grid inde-
pendence analysis will be conducted to see whether the
simulation is still affected by the grid refinement. By this
analysis, the error of the discretization can be estimated
if the grid is independent. The detailed description of
the subroutine for advanced turbulence models and grid
independence analysis will be introduced in subsection
3.2 and 3.3, respectively. Consequently, the accuracy of
the final simulation can be guaranteed. During this pro-
cess, the dynamic physics feature is developed to facilitate
the generation of the robust simulation model [18].

In this system, the physical parameters are the com-
ponent of the object oriented fluid physics feature which
also embeds a set of rules to select the proper CFD
solver regime. Therefore, the proposed system is a rule
based system, and the CFD analysis view in this system
is a feature based model which contains CAE bound-
ary features, fluid physics features, and dynamic physics
features. The knowledge of engineering, physics, and
numerical method is applied in this CAD/CFD inter-
action process, which contributes to the smooth feature
conversion and automation.

3.2. Subroutine for advanced turbulence models

There are several methods available to model the turbu-
lence, such as RANS (Reynolds Averaged Navier-Stokes),
LES (Large Eddy Simulation), and DNS (Direct Numer-
ical Simulation). In DNS, the Navier-Stokes equations
are solved for all the motions in a turbulent flow, which
provides very detailed information of the flow. How-
ever, DNS is too computationally expensive making it
hard to be a design tool. LES is good for transient large-
scale fluctuating flows. Though less costly than DNS,
LES is still computationally expensive because it is three
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dimensional and time dependent [11]. So the advanced
turbulence models used in the subroutine focus on RANS
models including k — @, RSM (Reynolds Stress Models),
and SAS (Scale-Adaptive Simulation).

The structure of the subroutine for advanced turbu-
lence models is shown in Fig. 5. When the subroutine for
advanced turbulence models is entered, after an initial
solution with the k — ¢ model, the k — w model will be
selected first as the turbulence model. If it is not capable
to model the turbulence accurately, RSM or SAS will be
selected according to the flow regime obtained from the
initial simulation result with k — ¢ model. In both RSM
and SAS, the At should be tested for step size indepen-
dence before checking whether the selected turbulence
model is acceptable. If the result is still not acceptable,
the fluid physics models will be updated to achieve bet-
ter cooperation with the turbulence model. If none of the
models in the subroutine is applicable, k — ¢ model will
be reselected with updated fluid physics models.

3.3. @Grid independence analysis and error
estimation

In order to estimate the discretization error, grid inde-
pendence analysis needs to be conducted first to see
whether the solution will change fundamentally with the
further refinement of the grid. 3 successively refined grids
with different refinement levels are needed to conduct the
grid independence analysis. If the characteristic param-
eter approaches the exact value asymptotically, then the
order of discretization can be calculated. In this case,
assume that the grid spacing of the coarse, medium, and
fine mesh is Ax;, Ax;, and Axs, respectively, then the
refinement rate « is:

_ Axq _ Axy

o= = (3.1)
sz AX3

CFED uses discretized equations to approximate the dif-
ferential equation. Usually, the exact solution ¢(x) in
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CFD simulation is not known. Incorporating the refine-
ment rate calculated using Eqn. (3.1), the value of ¢ in
each grid level is used to estimate the order p of the
discretization scheme:

¢Ax2 _¢Ax1
~ IOg (¢Ax3 *¢Ax2 )

P log(a) (32)

Grid independence can be claimed if p is close to 2
for 274 order discretization schemes or between 0.8 to
2.2 for a combination of 1% and 2" order discretization
schemes. Neither negative nor very large p values can be
accepted as grid independence. By Richardson extrapo-
lation [11], the discretization error sﬁ can be estimated
using Eqn. (3.3) and a better approximation of the exact

value can be found:

d Ax3 _foz
g, = ——= 3.3
h 1 (3.3)
Gexact X Pax; + SZ (3.4)

Typically, in the grid independence analysis, an inte-
gral parameter, which is relevant and sensitive to the
entire flow field, should be chosen as the characteris-
tic parameter ¢ (x). Because the grid independence can
be expected only on sufficiently fine grids, the mesh
needs to be refined further if the grid independent solu-
tion is not reached. If the accuracy of the simulation is

(a) (b)

L

not acceptable, grid adaption will be conducted and the
physical models will be adjusted to achieve better results.

4, Case study
4.1. Design and analysis of contracted pipe

Fig. 6(a) shows a section of a pipe with a contraction
which induces flow separation and mixing. The design
and analysis of the piping system are selected as the case
study. The reason is that the pressure drop under a certain
flow rate in the piping system can be determined by head
loss calculation [32], and it can be used as a benchmark
for the simulation results. The fluid domain is created
by feature conversion and is shown in Fig. 6(b). Under
the control of CAE boundary features, the mesh is gener-
ated as shown in Fig. 6(c). The initial value of the design
parameter d (small inner diameter of the pipe) in this
sample case is 70 mm.

At the inlet of the fluid domain, dry steam flows at
1 m/s. The pressure of 101325 Pa is assigned to the out-
let. The other initial physical parameters are collected in
Tab. 2. Using equations, the physical parameters in Tab. 3
are derived. The flow rate is calculated to be 0.031 m?/s in
step 2. The Reynolds number and Mach number are 9561
and 0.002, respectively. Therefore, the flow is assumed
to be incompressible turbulent flow. Then the physics
models are selected accordingly by the intelligent CFD

& 200 mm

Inflation mesh

mesh |

Outlet
mesh mesh

Inner space

Figure 6. Model conversion in the pipe analysis: (a) Contracted pipe, (b) Fluid domain, (c) Mesh generation.



Table 2. The initial values of the physical parameters.
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Table 4. Pressure drop calculation based on different grids.

Physical parameter Value Unit Refinement level Numberof nodes Ap (Pa)

% 1.23x1075 kg/(m's) Coarse (original mesh) 83414 30.62

p 1.013x10° Pa Medium 109238 30.381

T 373.15 K Fine 144429 30.181

R 461.5 J/(kg K)

k 1.327 N/A

; 012 m/s towards the number of nodes is depicted in Fig. 7(b).
. m

Table 3. The values of physical parameters calculated in step 1.

Physical parameter Value Unit
p 0.588 kg/m?
a 478 m/s
A 0.031 m?

solver. The mesh generated by adaptive method is shown
in Fig. 7(a). To conduct the grid independence analysis,
this grid is systematically refined at the rate of 1.1. Based
on those 3 grids and the physics models, the simulation is
conducted. In the analysis of pipe flow, one of the impor-
tant quantities is the pressure drop. The number of nodes
and the value of pressure drop corresponding to each
refinement level are tabulated in Tab. 4. The pressure drop
is selected as the characteristic parameter and its trend

Apparently, all the pressure drops are in the asymptotic
region of the solution space. By Eqn. (3.2), the order p
is calculated to be 1.87. Because the blended scheme is
applied as the advection scheme, which corresponds to a
weighted average between UDS and CDS (Central Dif-
ferencing Scheme), the calculated p value corresponds
to the discretization scheme used. Therefore, grid inde-
pendence is achieved. Using Eqn. (3.3) and Eqn. (3.4),
the discretization error and the approximated exact solu-
tion is found to be -1.025 and 29.156, respectively. The
pressure and velocity vectors obtained from the robust
simulation model are shown in Fig. 8.

4.2. Result comparison between different designs

With the design parameter d decreasing, the pressure
drop between the inlet and outlet is tabulated in Tab. 5.
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Figure 7. Mesh generation and assessment: (a) Adaptively refined mesh, (b) Grid independence analysis.
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Table 5. Pressure drop calculation based on different methods.

No. of nodes in No. of nodes in

Design point d (mm) Ap (Pa) Aps (Pa) 81(%) batch mode Ap> (Pa) 82(%) intelligent system
DP1 70 29.05 32.18 10.77 59297 30.62 5.40 83414
DP2 60 54.32 60.81 11.94 57853 57.39 5.65 80573
DP3 50 113.45 129.64 14.27 56296 120.04 5.81 77486
DP4 40 278.35 325.01 16.76 56220 296.57 6.55 76353
DP5 30 882.52 1065.67 20.75 59466 959.09 8.68 76235
DP6 20 4478.13 6156.05 37.46 65952 5057.10 12.93 78895

Table 6. Physics models selected for the batch mode.

Physics models in batch mode Selection
Turbulence model k-€
Advection scheme ubs
Transient model No
Compressible flow model No

Here, Ap is calculated from the published head loss coef-
ficient plot for flow through contracted pipe [32], Ap; is
calculated by ANSYS CFX under the batch mode, which
is a kind of routine analysis using the default setup for
each design point. §; is the relative error between Ap;
and Ap. Correspondingly, Ap, is calculated using the
intelligent solver functions we put forward, and 8; is the
relative error between Ap, and Ap. Seen from Tab. 5, the
pressure drop increases with the decreased small inner
diameter. The §, error of the intelligent solver scheme
is in the order of the uncertainty of Ap obtained from
empirical results which cannot be improved further. Ana-
lyzing the results obtained from the batch mode, the §;
error is significantly bigger especially when much higher
velocity occurs with very small d, which means the com-
pressibility effect is already not negligible. In comparison,
the error of the intelligent solver is 2 to 3 times smaller
than the batch mode error.

The physics models selected for the batch mode are
shown in Tab. 6. They remain to be unchanged during
the design updating process. In the intelligent system, the
changes in physics models shown in Tab. 7 and Tab. 8
respond to the compressibility effect occurs in design
point 6. Hence, the reason for the difference in the error
control is that the intelligent solver functions support
the validation of the CFD results and the reselection

(@) (b)

Table 7. Physics models selected for the first round of simulation
of design point 6.

Physics models in intelligent system(i = 1;C = 1;D = 0) Selection
Turbulence model k-€
Advection scheme ubs
Transient model No
Compressible flow model No

Table 8. Physics models selected for the last round of simulation
of design point 6.

Physics models in intelligent system(i = 5;C = 5;D = 0) Selection
Turbulence model RSM
Advection scheme Blended scheme
Transient model No
Compressible flow model Yes

of correct solver regimes if there is any validity issue.
And for each design, the robust simulation model can
be derived to guarantee the quality of CFD simulation
results. Therefore, the CFD analysis view proposed in the
paper achieves the automatic feature conversion from the
design view and provides a convincible input for another
view, for example, the optimization view [16], in product
development process.

4.3. Future development outlook

As shown in Fig. 9, the loss coeflicient Ky is highly
affected by the piping design. As the CFD analysis view
we proposed is a feature-based model, the multi-way fea-
ture conversion is feasible. A potential way is to incorpo-
rate the CAE effect feature [17] which interprets the anal-
ysis results and provide the backward physical reasoning.
Ideally, based on the method we proposed, an optimized

(©)

Figure 9. Loss coefficient in different piping design: (a) Reentrant K, = 0.8, (b) Sharp-edged K; = 0.5, (c) Well-rounded K; = 0.03 ~

0.12.[32]



piping design with desired loss coeflicient could be devel-
oped with more cyclic CAD/CFD procedures.

The proposed intelligent CFD solver functions can be
implemented based on ANSYS Workbench which pro-
vides two scripting levels. For task automation at the
application level, in CFX specifically, CCL (CFX Com-
mand Language) [31] can be applied as a session to
manipulate CFX-Pre and CFD-Post. Consequently, the
physical rules and assisted solver functions can be exe-
cuted using CCL. After the simulation is done, the post
processing can be automated by CCL as well.

For task automation at the project level, Workbench
scripting [31] can be used to create the whole project
and invoke various applications to complete the cre-
ated project. The actions performed via the GUI can
be recorded as journals which are Python-based scripts.
Such kind of scripts can be customized according to a
specific purpose. Thus, the functions of the whole sys-
tem can be greatly extended without too much scripting
effort.

Based on the tools provided, the fluid physics fea-
tures and dynamic physics features will be implemented
by programs to edit CCL in the next step. Further, the
intelligent solver functions can be fitted into a CAD/CFD
integration system through Workbench scripting.

5. Conclusions

On top of the design view supported by the CAD
fluid functional features, in this paper, the CFD anal-
ysis view is developed as a feature model to respond
to the changes in the design view effectively. This CFD
feature model consists of associative CAE boundary fea-
tures, fluid physics features, and dynamic physics fea-
tures. The feature conversion between the design view
and the CFD analysis view is achieved by the CAE inter-
face protocol. Especially, the application of fluid physics
feature and dynamic physics feature enables artificial
intelligence assisted solver regime selection and valida-
tion; this method leads to a robust simulation model
with accurate results. The quality of the robust simulation
model is guaranteed by the grid independence analysis
and error estimation. The subroutine for advanced tur-
bulence models is developed to enhance the ability of the
system to model complex turbulent phenomena.

The effectiveness of the proposed method is shown by
the investigation of pressure drop in a benchmark case
of contracted pipe under different designs. By compar-
ing with the empirical results, the error generated by the
intelligent solver is generally 2 to 3 times smaller than
that of the traditional ANSYS batch mode, which demon-
strates that our proposed method has a better control
over the errors as expected. It should be highlighted that
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the current system is established in dry steam simula-
tion scenario. The rules used in this system are based
on dry steam physical model and best practices in CFD.
This approach can be applied in other contexts by adapt-
ing the relevant knowledge bases. Thus, the proposed
method could provide a generic approach to integrate
CFD analysis into a multiple-view product development
environment.

As stated in the future development outlook, the sys-
tem can be applied to optimize the piping design. The
whole system will be fully implemented using CCL and
Workbench scripting. Then, the robustness of the system
should be validated by more complex cases. Besides, the
wet steam simulation module could be developed in the
future by extending the knowledge base.
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