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Abstract

Computational fluid dynamics can be used to provide rich datasets of three-dimensional data.
Often however, for engineering analyses, a one-dimensionalised average of the three-dimensional
flow properties are required. Onedval is a software program that computes one-dimensionalised
averages from CFD data using a variety of techniques.
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1 Introduction

Modern computational fluid dynamics (CFD) simulations can give an impressively detailed amount
of information about three-dimensional flow fields. Despite all the detail available in 3D datasets,
most engineering design, analysis and evaluation relies on “averaged” properties to give a one-
dimensional representation of the flow field. There is not a ‘one-size-fits-all’ technique for averaging
multi-dimensional data and so it is useful to have a variety of methods available to post-process CFD
data to compute these one-d averaged properties. The program described in this report, Onedval,
is a utility which can compute one-dimensionalised properties and integrated quantities from multi-
dimensional CFD data.

Onedval is written in Python as a small program to do one job: compute averaged properties
from CFD datasets. The program itself is small but it does leverage a lot of functionality from the
code collection developed by the Compressible Flow CFD project [1], such as the geometry and gas
libraries. As such, the user is required to download and install the CFCFD code collection in order to
use this program. The program has been developed and tested on Linux platforms.

The report is organised to give the theory of the one-dimensionalisation methods followed by
practical information on how to use Onedval. Section 2 presents the theory behind the various one-
dimensionalisation methods which are available to the user. In Section 3, the installation and use of
Onedval is discussed. Finally, some examples of use are given in Section 4.



2 One-dimensionalisation methods

There are three methods implemented in Onedval to compute one-dimensionalised average flow
properties. These methods are:

1. area-weighted average;
2. mass-flux-weighted average; and
3. flux-conserved average.

These averages are useful for different applications. For example, mass-flux-weighted average prop-
erties are often used to compare directly to experimentally measured values. Flux-conserved average
properties are required to maintain conservation of mass, momentum and energy when using the re-
sults of CFD calculations as input for zero- and one-dimensional analyses. The calculation method of
each of these averages is described in the following paragraphs. The notation and calculation meth-
ods used here draw heavily from the work of Baurle and Gaffney [2]. The reader is referred to the
paper by Baurle and Gaffney for a detailed discussion of the one-dimensionalisation techniques for
CFD data and the trade-offs associated with various selections.

2.1 Area-weighted average

A general expression for the weighted average of some property ¢ is
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where w is a weighting function and A is the area of interest for extracting an averaged property. For
an area-weighted average, w = 1.

2.2 Mass-flux-weighted average

To get a mass-flux-weighted average, w = p(v'- i), and so Eq. 1 becomes
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2.3 Flux-conserved average

A flux conserved average, as the name implies, gives a consistent set of one-dimensionalised flow
properties such that when combined give the same integral flux of mass, momentum and energy
across the area of interest. The flux conserved average is also sometimes referred to as the stream
thrust average. Mathematically, the definition of flux-conserved average properties are related to the
fluxes as follows. The fluxes of mass, momentum, energy and species mass across an area, A, are

fmass - /A[p(ﬁﬁ)] dA (3)
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The flux conserved flow properties, given in bold face, satisfy the integral flux values:

Jmass [P( v ﬁ)] A (7)
fmom. = [p(¥ - 5)¥ + pii] A (8)
fenergy = [p( V- ﬁ)hO] A (9)
fisp = [P(‘_’: ) ﬁ)Yisp] A (10)

The flux-conserved mass fraction values, Yisp, can be computed directly as
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The other flux-conserved flow properties are computed in an iterative manner, described next.

The method to compute the flux-conserved properties differs from the approach given by Baurle
and Gaffney [2] and so is described here in some detail. In Onedval, the flux-conserved averages are
computed by solving a minimisation problem!. The advantage of solving this minimisation problem
compared to the technique suggested by Baurle and Gaffney is that no assumption about the gas
model is required. In other words, the approach used here can treat general gas models which may
not necessarily obey the perfect gas equation of state.

In this minimisation problem, a set of flow values are found which combined give the best match
to the integrated flux quantities. There can be more than one solution to the minimisation problem.
The search space is restricted by using the mass flux weighted average values as the initial guess for
the minimisation problem. The objective function to minimise is given in terms of flux-conserved
properties as

J obj. = €ITmass + €ITmom. + €ITenergy (12)

where the errors in mass, momentum and energy are computed as
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In the above, fmom. is the magnitude of the momentum flux vector and u is a scalar value of velocity.
Specifically, u is the component of velocity in the averaged normal direction of the surface for averag-
ing; it is equivalent to v - i. Reducing the momentum and velocity to scalar quantities is not usually
a problem because often the scalar values are all that is required for subsequent one-dimensional
analyses. This multi-variate problem is solved in terms of three variables: p, T and u. This minimi-
sation problem is solved using the Nelder-Mead algorithm [3]. Note that in the formulation of this
minimisation problem, the vector components of momentum and velocity are lost.

After solving the minimisation problem, the flux-conserved values for density, temperature and
velocity are known and the mass fractions were computed earlier. The remaining flow properties are
computed using the equation of state.

'This approach was suggested by Dr Peter Jacobs.



Assumptions about the thermodynamics of the gas

When computing the flux-conserved average, Onedval needs to use a model for the thermodynamic
behaviour of the gas. Presently, the gas is assumed to be a mixture of thermally perfect gases. This
gas model is suitable for most applications in hypersonic flows where a single-temperature model
is valid. There will be some modelling inconsistency if the CFD simulation was performed with a
gas other than a mixture of thermally perfect gases. For example, there is some inconsistency if the
CFD assumed a gas with constant specific heats. However, this inconsistency should only be small.
The argument is that at low temperatures, the differences between a model that assumes constant
specific heats and thermally perfect gases is only small. At high temperatures, the difference is larger.
However, at these higher temperatures, where the difference is important, one should go back and
question the validity of using a constant specific heat model for the gas in the CFD calculation. This
assumption of gas model does not affect the computation of area-weighted or mass-flux-weighted
averages.



3 Using Onedval
3.1 Prerequisite software

Onedval has been developed and tested on linux platforms. It uses code from the Compressible-
Flow CFD project and is itself stored in the CFCFD code collection. The instructions for obtaining

and installing that code are given in the next section. You will require an installation of Mercurial? in
order to get a copy of the code. There is a list of packages required to use the code collection at:

http://www.mech.uqg.edu.au/cfcfd/getting-started.html#your-computational-environment
Onedval requires specific versions of the Python packages numpy and scipy as listed here:
numpy: version 1.7.0 or later

scipy: version 0.11 or later

3.2 Installation and setup
Download

The CFCFD code collection is stored in a revision control system. The most up-to-date instructions
for obtaining this source can be found at:

http://www.mech.ug.edu.au/cfcfd/getting-started.html

A reproduction of the instructions for obtaining a copy of the code is given in Listing 1.

The code repository

The codes are available for download from a Mercurial repository.
To make a clone of the repository::

$ cd $HOME
$ hg clone https://cfcfdlocal@triton.pselab.uqg.edu.au/cfcfd3-hg/cfcfd3-hg/ cfcfd3

This takes about 40 seconds on campus at UQ.
It may take much longer, depending on your internet connection.

To see what’s changed::

$ cd cfcfd3d
$ hg incoming https://cfcfdlocal@triton.pselab.ug.edu.au/cfcfd3-hg/cfcfd3-hg/

$ hg pull -u https://cfcfdlocalltriton.pselab.uqg.edu.au/cfcfd3-hg/cfcfd3-hg/

#. You will need a password for any access. Please ask.
#. You can read but not write with the "cfcfdlocal" username.
#. Some usernames (by negotiation) may push changesets back to the repository.

Listing 1: Instructions for downloading the code from the Mercurial repository.

?Mercurial is a distributed version control system and is available for installation via packages for most linux distribu-
tions.




Installation

Onedval is installed by using the Make system. The commands to install Onedval are:

\ [

> cd $CFCFD_SRC/app/onedval/build

> make install

\ |

In the above, $SCFCFD_SRC is the directory where you have the cloned the code collection. This
compilation takes some time; it is building the gas library, the geometry library and a full compilation

of Eilmer3.

Environment setup

The last step to getting a running version of Onedval is to set up some environment variables which
help the program locate certain Python and Lua modules. You need to correctly set three environ-
ment variables: $PYTHONPATH, $SLUA_PATH and $LUA_CPATH. The additions needed in a typical
.bashrc file are shown in Listing 2. This shows the correct settings assuming that the executables
and modules were installed in the default installation directory SHOME/cfcfd3. Remember to re-
‘source’ your .bashrc before trying to use Onedval, which can be done by logging out and logging
back in to your session.

export PYTHONPATH=$HOME/e3bin
export LUA_PATH=S$HOME/e3bin/?.lua
export LUA_CPATH=SHOME/e3bin/?.so

Listing 2: Additions required in a .bashrc file to allow Onedval to find the required Python and Lua
modules.

Testing the installation

If all has gone well, you are ready to test the installation. Navigate over to the directory $CFCFD_SRC/app/oneds
Once in that directory, execute the run. sh script:
|

> ./run.sh

\ |

You should see some output to the screen indicating that the program is running and a new text file
should be created in the working directory. This new file is exit-props.txt. The contents of this
file should match those shown in Listing 4 which appears in Section 4.

3.3 Preparing data slices

Presently, Onedval only works on data slices that have been extracted using Tecplot [4]. The capa-
bility to handle other data formats will be implemented if and when the need arises. The discussion
here focusses on using Tecplot to prepare data slices.

Some CFD programs give the user options regarding what flow properties are included in the
output data files. In order to apply the averaging methods, there are some mandatory flow properties
that must be included in the data slice when using Onedval. These required flow properties along
with their units are listed in Table 1. It is often easiest to request these desired quantities from the
CFD flow solver. However, if the quantities can be computed in Tecplot then that is fine also. What is
important is that these required flow properties are available in the data slices handed to Onedval.
Also, the dimensional values must be in SI units. It may be necessary to convert values in Tecplot

3In future versions of Onedval, it should be possible to remove the dependency on Eilmer.



(or by some other means) if they are not in SI units. There is one exception to the SI units rule: the
physical coordinate values may be in any units and then a grid scaling factor can be set in the input to
convert these values to metres.* Note that the mass fractions of all included species are required. This
is so that the thermodynamics of the gas are correctly computed. In addition to the mandatory values,
the user should have available any properties for which an area-weighted or mass-flux-weighted
average is requested. For example, temperature and Mach number are not required properties for
Onedval but they should be included if the averaged values of these quantities is desired.

Table 1: Required flow properties in data slices supplied to Onedval.

Flow property Units Symbol used in Onedval
x-ordinate may be scaled X
y-ordinate may be scaled y
z-ordinate may be scaled z
u-velocity m/s u
v-velocity m/s v
w-velocity m/s W
density kg/m?3 rho
pressure Pa P
total enthalpy J/kg ho
species mass fractions - species name, eg. H20

Onedval can process a single data slice or multiple slices. Each of those slices should be created in
Tecplot by extracting a slice from a plane. This can be accessed from the Tecplot menu as Data -->
Extract --> Slice from Plane.... When preparing many slices, it saves time and reduces
the opportunity for human error if you use a Tecplot macro. An example of building a macro and
using Tecplot in batch mode is shown in Section 4.2. When Tecplot extracts a slice from a plane, it
will grab every bit of data that is on that plane. Often you might only be interested in a small portion
of all the available data. For example, you might want to limit your focus to the internal duct section
of a combustor and not have Tecplot grab data in the external flow field which happens to cross the
plane of interest. In these cases, it is helpful to limit the active Zones in Tecplot to those of interest.

Having extracted the slice(s), the next step is write out the data so that Onedval may process it.
The slice data needs to be written in block format as ASCII text. A screenshot of the Tecplot data
writing dialogue box with the appropriate data format options is shown in Figure 1.

3.4 Preparing a configuration file

The next step is to prepare a configuration file which gives Onedval some information about what is
contained in your data slices and what kinds of quantities you would like computed. A configuration
file is a simple text file which contains keyword-value pairs of the form keyword = value. The
actual syntax of the file conforms to the Python programming language syntax. This is because the
configuration file is parsed by Onedval as an executable Python script. Since it is Python, the hash
symbol (#) can be used to introduce comment text. The reader may jump forward to Listing 3 to
see an example of what a configuration file looks like. Here, the keywords that should appear in the
configuration file and their allowable values are described:

species = [...] A list of the species in the flow must be provided. The names of individual
species should be species known by the 1ib/gas module. This list of species is used to con-

The scaling of coordinates is made available because it is common for CFD grids that are built from CAD surfaces to
be in units of millimetres.
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Figure 1: Screenshot of Tecplot writing dialogue box showing the selected options that are required for
Onedval processing. The required options are: block and ASCITI.

struct the thermodynamics model for a mixture of thermally perfect gases. This list should
correspond to all species included in the data file.

variablemap = { ... } Thisisamap (or a dictionary, Python parlance) which maps the vari-
able names known by Onedval to the variable names used in the data file. Every different
flow solver gives different variations of the data field names. This map is a convenient way to
access the relevant data in the data file without the hassle of renaming all of the data in Tecplot.
At a minimum, the user must provide a mapping entry for each of the required flow proper-
ties listed in Table 1 except for the species. The Onedval symbols (which are the keys in the
variable_map) are also listed in Table 1.

grid_scale = val The coordinates in the data slice will be scaled by val to convert them to me-
tres if they are not already. If this keyword is not supplied, the scaling defaults to 1.0. In other
words, no scaling is applied.

filter_function = <Python-function> The user may write a Python function in the config-
uration script which filters cells from the slice data based on user-defined criteria. The function
accepts one argument, a single cell, and returns either True if the cell should be kept/included
in the averaging or False if the cell should be removed/excluded from the averaging. This
could be used, for example, to exclude the boundary layer cells from an average over the core
flow. The use of this option is best demonstrated by an example. Section 4.2 provides such an
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example.

one daverages = [ ... ] Thislistspecifies which of the available one-dimensalisation meth-
ods are requested. The list can contain more than one method; in which case, multiple one-d
averages are computed and put in the output. The allowable method names are:

e "area-weighted’
e 'mass—-flux-weighted’

e 'flux—conserved’

onedoutputs = [ ... ] A list of the requested output flow properties to be averaged in a
one-dimensionalised sense. The symbol names correspond to those used by Onedval (see
Table 1).

integrated outputs = [ ... ] Alistofrequested integrated quantities to be output. As part

of the averaging, the integrated fluxes are computed. Onedval will also output these values if
requested. The allowable names in this list are:

e "mass flux’
e "momentum flux’
e "energy flux’

e 'species mass flux’

Note that when you list the single phrase ’ species mass flux’, the program will actually
report all of the individual species mass fluxes in the output.

output_file = ’filename.txt’ The desired name of the output file.

output_format = ’format’ The output_format canbeoneof’verbose’ or’as_data_file’.
Typically, one would use ' verbose’ when using Onedval on a single data slice because it
gives a lengthy output in a human-readable form. The "as_data_file’ option is usually
used when Onedval is processing a number of slices. In this format, the data for each slice
becomes a separate row in the output data file. This is convenient to plot directly or read into
another program.

3.5 Running the program

Having prepared the data slices and a configuration file, Onedval is invoked at the command line
as follows:

\
> onedval config_file slice_file[s]

\ !

The first argument is always a configuration file. The second and following arguments list the
data slice(s) to be processed. You could process a whole series of files by letting the shell expand
the file names for you. For example, in a bash shell, you could process all data files of the form
slice-01.dat, slice-02.dat, .., slice-20.dat, by invoking this command:

|
> onedval config_file slice-?7?.dat

\ |

If everything is successful, Onedval will print some diagnostic messages to the screen and write the
requested data to the output file. If something goes wrong, the program should end abruptly and
noisily, and hopefully give you some hint about what went wrong. Most errors in user input will be
reported to the screen, so read the screen output carefully.

10



4 Examples

There are typically two uses of Onedval: 1) to extract properties at a single plane; or 2) to extract
properties at multiple planes to give a sense of the one-dimensional variation of properties. The two
examples included here demonstrate the use of Onedval for both of these cases. The first example
shows how the properties at the exit of a hypersonic inlet are extracted. These properties are useful
on their own to give an assessment of inlet performance. They could also be used as input to a one-
dimensional analysis of the flow through an attached combustor. In the second example, several
slices through a CFD simulation of a scramjet combustor are collated to give a one-dimensionalised
variation of flow properties. From these values, the performance measures of the combustor can be
computed, such as combustion efficiency. Additionally, this second example shows how a filtering
function can be used to focus the averaging on a subset of the cells in the supplied slice of data.

4.1 Exit flow properties of a hypersonic inlet

In this example, the one-dimensionalised flow properties at the exit of a hypersonic inlet are com-
puted. The inlet is a 3D shape-transitioing inlet which is attached to a conical vehicle. A view of
this inlet is shown in Figure 2. For this example, we are interested in determining the average flow
properties at the exit of the inlet (the exit being just past the throat at the end of an isolator section).

Figure 2: View of a 3D shape-transitioing inlet installed on a conical forebody. Onedval is applied to the exit
plane to give one-dimensionalised flow properties across the outlet.

Before using Onedval, we need to extract a slice of flow data. A slice has been extracted at the
exit plane and saved to a file called exit-slice.dat. When using Tecplot, the slice data should be
written out in block form as ASCII text. The pressure, temperature and Mach number fields for the
exit plane are shown in Figure 3. The slices only show half of the configuration because the CFD was
performed assuming a symmetry condition.

Next, we prepare a configuration file. This configuration file is shown in Listing 3. It is important
that the fields listed in variable_map correctly correspond to the field variables in the supplied
Tecplot slice files. In this case, for example, version 6.2.1 of the VULCAN flow solver [5] was used to
generate the flow field data. As such, the internal variable pressure ' p’ used in Onedval maps to
the field variable listed as " Pressure [Pa]’ in the Tecplot file. These mapping names need to be
specified exactly: they are case sensitive and spacing sensitive.

The rest of the configuration file is fairly self-explanatory, and the details of various options were
listed in Section 3.4. In this example, the output will be written to the file exit-props.txt. The
requested output_format is ‘verbose” which means that a descriptive text file is generated which

11



Pressure [Pa]: 50000 68000 86000

Temperature [K]:

600 1100 1600 2100

_ |

Mach Number: 0.5 2 35 5

Figure 3: Selected property contours at the isolator exit of a 3D shape-transitioning inlet.

lists all of the requested properties.
To compute the requested averaged and integrated quantities, the Onedval program is run from

the directory containing the data slice and configuration file, as follows:

> onedval exit.config exit-slice.dat

Some diagnostic output is printed to the screen to show the user the progress of the calculation. For
this example, the output is written to a filed called exit-props.txt. This file is shown in Listing 4.

The one-dimensionalised properties at the exit of the inlet using the various averaging methods
are listed in Table 2. Inspection of the values gives an indication of the differences one can expect

based on choosing different one-dimensionalisation methods.

Table 2: One-dimensionalised flow properties at the exit of a hypersonic inlet.

Property Area-weighted average = Mass-flux-weighted average  Flux-conserved average
pressure, kPa 61.20 64.74 64.09
temperature, K 1421.4 1299.8 1419.2

density, kg/m? 0.1632 0.1833 0.1573

velocity, m/s 3056 3247 3242

Mach number 4.30 4.72 443

12



# list of species
species = [’Tair’]

# A mapping of variable names for onedval to those
# found in the Tecplot file
variable _map = {'x":'X’", ’'y':'Y", 'z":"Z72",
"u’:’'U velocity [m/s]’,
v’ :'V velocity [m/s]’,
"w' :'W velocity [m/s]’,
"rho'’ :’Density [kg/m~3]',
"p’ :"Pressure [Pa]’,
"T’ :’ Temperature [K]’,
"M’ :"Mach Number’,
"h0’ :"Total Enthalpy [J/kg]l’ }

# list of types of one-D averages to compute
one_d_averages = [’area-weighted’, ’'mass-flux-weighted’, ’flux-conserved’]

# A scaling factor if coordinates are NOT in metres
grid_scale = 0.23026347715684

# Output properties
one_d_outputs = ['p’, 'T’, ’"rho’, 'u’, '"M']

# Integrated quantities
integrated_outputs = ['mass flux’, ’'momentum flux’,
"energy flux’, ’species mass flux’]

# Output options
output_file = ’"exit-props.txt’
output_format = ’verbose’

Listing 3: exit.config: example config file for use with a VULCAN-generated CFD solution.

13




——————————————————— onedval output -————————————————————
number of cells in averaging:

ncells = 2418

cumulative area of cells (m"2):

area = 3.168593e-03

mass flux (kg/s)
m_dot = 1.615846e+00

momentum flux (kg.m/s”2)
mom_dot = Vector3(5440.93971431, 64.240864597, -26.0419054161)

energy flux (W)
e_dot = 1.048768e+07

mass flux of air (kg/s)
mair_dot = 1.615846e+00

-- area-weighted average --
pressure (Pa)
p = 6.119774e+04

temperature (K)
T = 1.421435e+03

density (kg/m"3)
rho = 1.631800e-01

U velocity (m/s)
u = 3.056031e+03

Mach number
M = 4.297213e+00

-- mass-flux-weighted average --
pressure (Pa)
p = 6.474022e+04

temperature (K)
T =1.299762e+03

density (kg/m”3)
rho = 1.832700e-01

U velocity (m/s)
u = 3.247233e+03

Mach number
M = 4.724648e+00

—— flux-conserved average —-—
pressure (Pa)
p = 6.408712e+04

temperature (K)
T = 1.419203e+03

density (kg/m”3)
rho = 1.573070e-01

U velocity (m/s)
u = 3.241777e+03

Mach number
M = 4.431429e+00

Listing 4: exit-props.txt: example output file when using ‘verbose’ mode.




4.2 Core flow properties in a scramjet combustor

In this example, the flow through a scramjet combustor is considered.” To keep things simple, we will
consider the case when there is no injection of fuel. In other words, this is a ducted supersonic flow.
A visualisation of the flow field is depicted in Figure 4 which shows Mach number and temperature
contours at various slices of constant z-ordinate. There is a ramp entry into the duct, and an oblique
shock is formed. That shock reflects at the top wall and continues to reflect down the duct. At the
end of the duct, the flow is expanded. The free stream conditions for the simulation are taken from
estimates of a T4 shock tunnel condition. Those conditions are M., = 6.44, po, = 8.99kPa, and T, =
446 K.

N / -
N // 7 temperature, K: 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600

Figure 4: Slices of Mach number and temperature contours in a scramjet combustor.

We will use Onedval to compute the flux-conserved average of properties down the length of
the combustor. We would also like to compare the properties of core flow (excluding the boundary
layer) to the properties of a complete slice across the combustor. So, in this example, we will learn
two aspects of using Onedval:

1. how to prepare a number of slices and use Onedval to process those slices; and
2. how tousea filter_function to exclude certain cells from the averaging.

Preparing multiple slices of data

The largest amount of work in this example is to prepare the data slices using Tecplot. For the av-
eraging, we will focus our attention on just the combustor section which ranges from x = 0.20m to
x = 0.56 m. The particular slices of interest are shown in Figure 5. The process I describe here is not
unique and can be achieved in a number of ways. The main steps in the process are:

5Thanks goes to Dr Bianca Capra for providing this example.
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1. Record a macro in Tecplot for extracting a single slice of data.
2. Create a template macro based on the recorded macro.
3. Prepare a script to process all desired slices.

4. Run the script.

B T 77 [ [ e

temperature, K: 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600

Figure 5: Slices of data in the combustor section only, ignoring the inlet and exit ramps. These are the slices of
data passed to Onedval.

1. Record a macro We will record a macro in Tecplot which captures the process of extracting a
single slice of data and writing that data to a file. It is best to restrict your actions to just those things
when recording the macro so that you avoid unnecessary junk in the macro file. The reason we want
to minimise the junk in the macro file is because we will need to inspect and edit this file to create a
template macro for all of the slices. For this example, the steps to creating the macro file are:

1. Start Tecplot.
2. Start recording macro: Scripting --> Record Macro.
3. Load data file.

4. Extract a single slice: Data --> Extract --> Slice from Plane. In this particular ex-
ample, I selected Constant X and entered a value of 0.2.

5. Write the data slice out: File --> Write Data File. Be sure to select just the slice which
should be the last entry in the list of Zones. Also, be sure to select block, ASCII format.

6. Stop recording macro.
7. Quit Tecplot.

At the end of these steps I had a macro file called s1ice.mcr which is shown in Listing 5.
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#!MC 1300

# Created by Tecplot 360 build 13.1.0.15185
$!VarSet |MFBD| = ’/work/examples/capra’

S !READDATASET '"\MFBD\/SlO703_NOFuel.plt" 4

READDATAOPTION = NEW

RESETSTYLE = YES

INCLUDETEXT = NO

INCLUDEGEOM = NO

INCLUDECUSTOMLABELS = NO

VARLOADMODE = BYNAME

ASSIGNSTRANDIDS = YES

INITIALPLOTTYPE = CARTESIAN3D

VARNAMELIST = /"X" "y" mgw wpm wpuw ngm wyn mgm wpe myw < line truncated —->
$1GLOBALTHREED SLICE{NORMAL{X = 1}}
$1GLOBALTHREED SLICE{NORMAL{Z 0}}
$1GLOBALTHREED SLICE{ORIGIN{X = 0.200000000000000011}}
$1CREATESLICEZONEFROMPLANE

SLICESOURCE = VOLUMEZONES

FORCEEXTRACTIONTOSINGLEZONE = YES

COPYCELLCENTEREDVALUES = NO
SIWRITEDATASET " |MFBD|/slice.dat"

INCLUDETEXT = NO

INCLUDEGEOM = NO

INCLUDECUSTOMLABELS = NO

ASSOCIATELAYOUTWITHDATAFILE = NO

ZONELIST = [2]

BINARY = NO

USEPOINTFORMAT = NO

PRECISION = 9

TECPLOTVERSIONTOWRITE = TECPLOTCURRENT
S !RemoveVar |MFBD |

Listing 5: s1ice.mcr: example macro file recorded using Tecplot.

2. Create a template for all macros Next, we will create a template based on the macro file we
just created. We will insert special symbols into the template file so that it is easy to make a text
substitution to generate a macro file for a particular slice. The steps for creating the template macro
are:

1. Copy the single slice macro to a template file: cp slice.mcr slice.mcr.template

2. In the slice.mcr.template, edit line 16. Replace the specific z-ordinate with a symbol,
$XPOS, to be used for substitution. Line 16 now becomes:

$|GLOBALTHREED SLICE{ORIGIN{X = $XPOS}}

3. Inthe slice.mcr.template, edit line 21. Replace the specific output file name with a sym-
bol, $ONAME, to be used for substitution. Line 21 no becomes:

$IWRITEDATASET " |MFBD|/SONAME"

The final template file is shown in Listing 6.
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#!MC 1300

# Created by Tecplot 360 build 13.1.0.15185
$!VarSet |MFBD| = ’/work/examples/capra’

S !READDATASET '"\MFBD\/SlO703_NOFuel.plt" ’

READDATAOPTION = NEW

RESETSTYLE = YES

INCLUDETEXT = NO

INCLUDEGEOM = NO

INCLUDECUSTOMLABELS = NO

VARLOADMODE = BYNAME

ASSIGNSTRANDIDS = YES

INITIALPLOTTYPE = CARTESIAN3D

VARNAMELIST = ’/"xX" "y" mwgzm nwpmw wpw ngnm nwymw wyw vpw "M" <—— line truncated —--—>

S!GLOBALTHREED SLICE{NORMAL{X = 1}}

$1GLOBALTHREED SLICE{NORMAL{Z = 0}}

$!GLOBALTHREED SLICE{ORIGIN{X = $XPOS}}

S!CREATESLICEZONEFROMPLANE
SLICESOURCE = VOLUMEZONES
FORCEEXTRACTIONTOSINGLEZONE
COPYCELLCENTEREDVALUES = NO

S IWRITEDATASET " |MFBD|/S$ONAME"
INCLUDETEXT = NO
INCLUDEGEOM = NO
INCLUDECUSTOMLABELS = NO
ASSOCIATELAYOUTWITHDATAFILE = NO
ZONELIST = [2]

BINARY = NO

USEPOINTFORMAT = NO

PRECISION = 9

TECPLOTVERSIONTOWRITE = TECPLOTCURRENT
S !RemoveVar |MFBD |

YES

Listing 6: slice.mcr.template: example template macro file.

3. Build a script to process all slices We now need a script to call Tecplot in batch mode to extract
data for all of the slices. This script would need to be tailored for the particular problem of interest.
The script needs to do two things for each slice. First, the script should do a string substitution on the
template macro file to create a macro file for the specific slice. Second, the script should call Tecplot
in batch mode to process the macro file. An example Python script which coordinates this process is
shown in Listing 7.

Most of this script should be straight-forward to understand. Some of the interesting features of
the script are explained here. The Python os module is used to execute commands at the operating
system level. In this example, the call to the system occurs twice in each loop using the os . system ()
function: first, to run sed over the template file to produce a macro for a particular slice; and, second,
to run Tecplot in batch mode. This use of os.system() is not a particularly sophisticated way to
interact with an operating system process, nor is there any error checking that the command executed
properly. However, for this small script, using os . system () is simple and effective. If there are any

errors, we will see it in the output then take appropriate action.

We mentioned the use of sed as one of the commands passed to the operating system. sed is
a program which edit text streams in a programmatic way. If we expand out lines 30 and 31 of the
Python script (Listing 7) for the first step when x = 0.2, the sed command would look like:

sed 's/$XP0S/0.200000/;s/SONAME/slice-00.dat/’ slice.mcr.template > slice-tmp.mcr

This command can be read as:
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#!/usr/bin/env python

# Author: Rowan J. Gollan

# Date: 21-Feb-2013

# Place: University of Queensland, Brisbane, Australia

#

import os
from numpy import arange

# Unlikely to have to change these
TECPLOT_CMD = "tec360’

MCR_TEMPLATE = ’'slice.mcr.template’
TMP_MCR = ’'slice-tmp.mcr’

# Set some parameters
xstart = 0.2 # m
xfinish = 0.56 # m
dx = 0.02 # m
bfn = ’slice’ # base file name

print "Creating slices from x= ", xstart
print " to x= ", xfinish
print " at spacing dx= ", dx
# Begin creating slices
xs = arange (xstart, xfinish+0.5xdx, dx)
for i,x in enumerate (xs) :
print "slice at x= ", x
# 1. Prepare the macro file using sed
slc_fname = "%$s-%02d.dat" % (bfn, 1)
cmd = "sed ’'s/$XP0S/%.7f/;s/SONAME/%s/’ %s > %s" % (x, slc_fname,
MCR_TEMPLATE, TMP_MCR)
print cmd
os.system(cmd)
# 2. Call Tecplot to actually create the slice
cmd = "%s -b %$s" $ (TECPLOT_CMD, TMP_MCR)
print cmd
Oos.system(cmd)
print "Done."

Listing 7: create-slices.py: example script to extract all slices.

Open the file slice.mcr.template and process it line-by-line according to the instruc-
tions enclosed in ” ’. Place the transformed output in slice.mcr. The particular in-
structions enclosed in * ’ say: replace any occurrences of $XP0OS with 0.2000000 and
repalce an occurrences of $ONAME with s1ice-00.dat

4. Run the script I run this script in my terminal using:
\
> python create-slices.py

That is the hard part done. The next step is to sit back and let Onedval work on the slices.
Running onedval on the multiple slices

Before running Onedval, we need to prepare a configuration script. The configuration file for this
example is shown in Listing 8. The CFD simulation for this example was done with CFD++ [6]; this

19




is reflected in variable_map. To process the multiple data slices, the command is:

|

> onedval all-cells.config slice-7?7?.dat

\ |

Note that s1ice-?7?.dat will be expanded out into a long list of file names by the shell. After run-
ning this command, the data for each of the slices is written in rows into the file ac-1D-props. txt.

# list of species
Species = ["H2", llH", lloll, "02", "HZO", "H2OZ", llHOZ", llOH", "NO", "NOZ",
"HNO", "N", "N2"J

# A mapping of variable names for onedval to those
# found in the Tecplot file

variable_map = {'x":'X’, 'y':'Y", 'z':'272",

IuI.IUI

. ’
Iv!:IvI,
VWV:IWI’
"rho’ :'R’,
!p!:IPI,
IT!.ITI

. r
IMI.IMI

. ’

"hO0’ :’Enthalpy_total’ }

# list of types of one-D averages to compute
one_d_averages = [’ flux-conserved’ ]

# A scaling factor if coordinates are NOT in metres
grid_scale = 1.0

# Output properties
one_d_outputs = ['p’, 'T’, "rho’, 'u’, "'M']

# Integrated quantities
integrated_outputs = [‘mass flux’, ’'species mass flux’]

# output options
output_file = "ac-1D-props.dat’
output_format = ’"as_data_file’

Listing 8: all-cells.config: example configuration file with the variable_map set to work with CFD++-
generated data.

Using a filter function

For some analyses, it is useful to consider just certain cells in the averaging. For example, some
analyses are based on the core flow properties. It would be desirable then to have a way to filter out
the boundary layer cells. In Onedval, that facility is provided by using a filter function. The user
writes a Python function into the configuration script. Each cell in the area is passed to the function,
in turn. The job of the function is to apply some criteria to determine whether or not the cell should
be included in the averaging. Thus the user writes the function to accept one argument, a cell, and
return one Boolean value: True to include the cell, or False to exclude the cell.

Let’s give an example to make that description more concrete. Here we would like to exclude the
cells in the boundary layer. We will define the boundary layer as the edge where the total enthalpy
of the flow is less than 99.5% of the free stream total enthalpy. So we will test all cells and exclude the
ones with a local total enthalpy less than 99.5% of the free stream total enthalpy. The Python function
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to apply this criterion is:

hO_inf = 3.88951e6 # J/kg
bl_criterion = 0.995+h0_inf # 99.5% of free stream total enthalpy
def core_flow(cell):
global bl_criterion
if ( cell.get(’Enthalpy_total’) < bl_criterion )
# Consider cell to be in boundary layer so it’s NOT included
return False
else:
# Consider cell in core flow, so include it
return True

Note that for this particular example, the free stream total enthalpy is 3.88951x10° J/kg. Also note
that the function refers to the variable bl_criterion which was computed and set once outside
of the function. Since the variable is outside of the function, the global keyword is needed in-
side the function to tell the Python interpreter where to look. This Python function along with the
filter_function option is added to the configuration file. The new file, core-flow.config, is
shown in Listing 9.

The one-dimensionalised values for full slices across the duct are compared to values just consid-
ering the core flow in Figure 6. The core flow has been defined as flow where the total enthalpy is
99.5% or greater of the free stream total enthalpy. The oscillations in the core flow properties at differ-
ent z-locations reflect the location of the shock reflections in the combustor. The core flow properties
vary compared to the complete slice data because the influence of the shock is not included when it
coincides with the boundary layer near the wall.
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# list of species
SpeCieS o ["Hzl', llH", "O", "02", "Hzo", "HZOZHI "HO2", "OH", "NO", "NO2",
"HNO", "N", "NZ"J

# A mapping of variable names for onedval to those
# found in the Tecplot file

variable map = {'x":'X’', ’'y':'Y", 'z":'Z72",
IuV:IUI,
’V’:,V’,
,W,:,W’,
"rho’ :'R’,
VpI:IPI’
ITI:ITI,
IMV:IMI,

"h0’ :’Enthalpy_total’ }

# list of types of one-D averages to compute
one_d_averages = [’'flux—-conserved’]

# A scaling factor if coordinates are NOT in metres
grid_scale = 1.0

# Output properties
one_d_outputs = ['p’, 'T’, "rho’, "u’, "M']

# Integrated quantities
integrated_outputs = [‘mass flux’, ’species mass flux’]

# output options
output_file = "cf-1D-props.dat’
output_format = "as_data_file’

# a filter function
hO_inf = 3.88951e6 # J/kg
bl_criterion = 0.995xh0_inf # 99.5% of free stream total enthalpy
def core_flow(cell) :
global bl_criterion
if ( cell.get (’Enthalpy_total’) < bl_criterion )
# Consider cell to be in boundary layer so it’s NOT included
return False
else:
# Consider cell in core flow, so include it
return True

filter function = core_flow

Listing 9: core-flow.config: the same configuration file as in Listing 8 except that now a filter function is
declared.
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Figure 6: One-dimensionalised properties in a scramjet combustor. Properties for a full slice across the com-
bustor and just considering the core flow are shown.
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A Code listing

Rather than try to describe in detail how the calculations in Onedval are performed, the source
code is included here. The source code for Onedval is in three files. The listing of the main coordi-
nating program is in the file onedval. py. This file is largely housekeeping. The module cell.py
houses the calculations related to tri and quad cell geometries. The finite-element slice data supplied
to Onedval is interpolated onto a set of cells of either tri or quad type. The functions for calculating
one-dimensionalised averages are placed in the prop_avg.py module.
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