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Figure 6.10: (a) Instrumented cylinder aluminium body. (b) Non instrumented cylin-
der. (c) Arrangement plate with cylinder partially loaded from above.
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Figure 6.11: (a) Amplified voltage signal from the strain gauge for the drag on Eg;
for four different Reg. (b) Amplified voltage signal from the strain gauge for the lift

force for Eg; for Req = 19, 289.
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Figure 6.12: Experimentally measured rms lift force normalized by Fg;, against void
fraction for four different Reg.
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Figure 6.13: (a) Experimentally measured average drag force normalized by Es;
against void fraction for four different Reg. (b) Experimentally measured average
drag force in mV against void fraction for four different Reg.
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Figure 6.14: Photograph of the dye rake viewed through the channel.
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Figure 6.15: Post-image processing showing dye streamlines for developed flow in (a)
E7, (b) Ego, (C) Egg, (d) E64 and (e) ESl-



Chapter 7
Conclusion and future work

Flow through and around groups of bodies is not well understood and there is little
useful comparative research material available. Experimentally, it has been difficult
to investigate the interactions within larger groups of bodies, as this required quan-
tification of the flow field which was often impractical. Numerical investigations have
been, and indeed still are, limited by the ‘development frontier’ of the processing
power available. Computations are inherently complex, especially in the area of si-
multaneously resolving substantially different length scales. The objectives of this
work, as set out in Chapter 1, were to address both of these issues by developing
experimental and numerical approaches designed to harness and utilize the latest
technology in both apparatus and computational resources. The former has involved
manufacture of custom designed, high precision instrumentation, incorporating multi-
channel, simultaneous, computer based data capture. The latter required writing an
unstructured numerical code, based on a FEM CBS formulation to make use of large
scale, distributed memory, parallelized, computational environments.

The work identified a key characteristic that can be used to define a group of
bodies, irrespective of its bounding geometry or the constituent geometry of the
bodies making up the group. This was determined to be the void fraction (¢) and
this work concentrates on the range of 0.0159 < ¢ < 0.3787, whilst simplifying other
geometries and the flow regime. The group’s perimeter and individual bodies in
the group were represented by a circular cylinder and the flow regime was a steady

uniform flow.
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Numerical investigations

Numerical work focused on the properties of the flow field for six void fractions
¢ = 0.0159, 0.0454, 0.0884, 0.1451, 0.2154 and 0.3016. Each case was formed from
an array of equally spaced cylinders, organized in concentric rings. The number of
cylinders in these arrays was Ngo = 7, 20, 39, 64, 95 and 133.

The main objective of the numerical investigation was to carry out an accurate
study of the two-dimensional flow through the six study cases and to compare results
with observations from a fully filled array. Reference data was also calculated for a
single isolated body.

The method solved the Navier-Stokes equation of incompressible flow in two di-
mensions. A FEM CBS formulation was employed to conduct DNS calculations on a
highly resolved, unstructured mesh consisting of approximately 4 million nodes and
8 million triangular elements. The mesh was developed for each case and based on
a mesh independence study for an individual cylinder at the same Re = 100. A
numerical code was written to carry out the calculations and specifically targeted for
the cluster architecture of the Legion supercomputer. The code was written to en-
sure the highest performance on large problems by decomposition of the domain into
regions for parallelization. The code was based on the PETSc numerical library. Do-
main decomposition was achieved using ParaMETIS. During the development phase,
code and numerical validation was conducted using well-known steady and unsteady
cases, which were successfully solved to a high degree of accuracy. Parallelized diag-
nostic tools become increasingly necessary with larger simulations and were developed
alongside the numerical code.

The numerical investigation has demonstrated that three flow regimes exist for
increasing values of ¢. These regimes mainly relate to the nature of the wake for-
mation behind the arrays and aspects of this have been investigated using different
diagnostic techniques. The conclusion to the numerical work is in §5.6.

Experimental work

The experimental work investigated the properties of the flow field with particular
focus on induced drag. Four arrays were selected, each presenting a different void
fraction. The values of ¢ for the arrays were ¢ = 0.0414, 0.1243, 0.2308 and 0.3787

and the number of cylinders in each array was No = 7, 20, 39 and 64. Experiments
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were conducted at Reg = (9,527;14,320;19,289;23,672). Practical issues limited
the domain width and these were taken into account in the investigation planning.

A precision flume was designed and constructed to allow flow visualization and
force measurements on interchangeable arrays of bodies. The design also allowed force
measurements on individual bodies in the array, by means of an integrated load cell
within individual instrumented cylinders. A proto-type instrumented cylinder with an
integrated ADC was tested and resolved the two-dimensional forces at 24 bits and 500
samples per second. The data from the ADC was collected and stored by a purpose
programmed PIC micro-controller which connected to a computer through a USB bus
interface. Manufacture time and project constraints meant that experimental use of
the instrumented cylinders has been deferred to future work.

The experiments demonstrated that the apparatus performed successfully on the
array experiments over the specified range of void fractions and Reynolds numbers.

The conclusion to the experimental work is in §6.6.

7.1 Future work in relation to this project

Future numerical work will include:
1. Conducting a study to determine the effect of blocking.

2. Increasing the number of cylinders used in the array by expanding the value of
Dg.

3. Conducting a study at higher Re numbers and possibly using three-dimensional

flow.
4. Investigating different group shapes and individual body geometries.

5. Calculating Lagrangian and Eulerian velocities for instantaneous flow within

the group of bodies.
6. Improving the code by:

(a) Conducting in depth comparison of different solvers and their convergence

properties. Relating this to use with different pre-conditioners.
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(b) Conducting an in depth optimization study, including using pre-fetching

algorithms to improve vectorization for matrix inserts.
(c) Determining optimum Blas and LaPack libraries.
(d) Implementing MPI IO for disc operations.

(e) Refining the intercommunication network to match the hardware topology

of Legion.
Future experimental work will focus on:

1. Experiments measuring forces on individual cylinders and using the instru-
mented cylinders. This will provide an insight into the flow field through the

array and the effect of blocking upstream from the array.

2. PIV visualization of the upstream flow approaching the array will give another
useful measure of the effect of blocking. PIV visualization downstream will

allow a more definitive evaluation of which wake regime is operating.

3. Further experiments with dye contrast imaging, including residence time mea-
surements (the time that the dye is within the array) which can be used to

calculate experimental Lagrangian values.

4. The apparatus was designed to allow for other array shapes and different in-
dividual constituent body shapes. Future work on these will give insight into

their importance to the overall flow profile.

5. Minor changes can be made to the experimental apparatus, which will improve

its future use as follows:

(a) Adding extra length to the flume channel would improve stability at higher
flow rates as the settling distance of 1.75m will not be adequate if rates

are increased.

(b) It is often useful to have low flow rates for visualization, especially when
using dye imagery. These are not achievable with the current Lowrana

pump and it is suggested that a second smaller pump should made available
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in parallel. This could be used as an alternative and run from the same

controller via a two way, break-before-make switch.

(¢) The honeycomb gauze material should be changed from a felt to a thicker,
less dense medium to reduce the pressure drop across it. The honeycomb

section should be raised by 100 mm to reduce chances of spill over.

(d) Tuning vanes should be installed in the settling tank to even out the exit

fow.

(e) A water level indicator should be installed on one of the tanks to facilitate

filling operations.

(f) The supporting table of the channel should be re-designed to reduce its

impact on visualization of the floor.

(g) Three-phase chokes should be installed as the rectifiers generate unneces-

sary electrical noise.

7.2 Closing statement

Numerical investigations may generally be the ‘cheapest’ and most flexible fluid in-
vestigation tool, but their limitations mean that experimental work still has a useful
and complimentary role where numerical investigation is not possible. This study, by
using both approaches, has allowed different diagnostics to be utilized. The struc-
turing of the investigations has taken these into account. It has used simplified case
studies and experiments to test and demonstrate new platforms which can be used
in future multibody research.

Given that the main aim and objective was to develop and test new multibody
methodologies, a measure of reality and restraint was always needed in terms of the
number of test cases/experiments which should be undertaken at this stage. The
results have, however, identified specific and detailed features of the flow field and
allowed three distinct regimes to be identified. All the main objectives set out in
§1.1 have been met. The major advancement from previous research is the level of

resolution that has been achieved.
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Appendix A

A.1 Appendix

Run: jobbot Set Value -value-name=mesh-dir -value-string="'-root-dir"',/
Run: jobbot Set Value -value-name=results-dir -value-string='-root-dir',/results/
Run: jobbot Set Value -value-name=problem-name -value-string=Cavity

Run: jobbot UseJobBot -timer=1 -file-name='results-dir', 'problem-name', logfile.txt

Run: exe Build Domain -name=Domain
Run: Domain Setup -gmsh-file='mesh-dir',Cavity60node.msh

// Domain node
Run: jobbot Set Value -value-name=DOMAIN NODES -value-int=0
Run: Domain Group Elements -g-tag='DOMAIN NODES' -element-type=1 -domain-tag=6

// Domain elements
Run: jobbot Set Value -value-name=DOMAIN ELEMENTS -value-int=1
Run: Domain Group Elements -g-tag='DOMAIN ELEMENTS' -element-type=3 -domain-tag=6

// Setup U=1
Run: Domain Group Elements -g-tag=2 -element-type=1 -domain-tag=3

// Setup U=0
Run: Domain Group Elements -g-tag=3 -element-type=1l -domain-tag=1,2,4

// Setup V=0
Run: Domain Group Elements -g-tag=4 -element-type=1 -domain-tag=1,2,3,4

// Setup P=0
Run: Domain Group Elements -g-tag=5 -element-type=1 -element-tag=1

Run: exe Connect DL -name=dl module -dl-file-name='-root-dir',6/Solver 2d.so
Run: dl module CBS Direct Solver 3D -name=Solver -mesh=Domain

Run: Solver Add Wall -g-tag=2 -b-tag='U' -value=1.
Run: Solver Add Wall -g-tag=3 -b-tag='U' -value=0.
Run: Solver Add Wall -g-tag=4 -b-tag='V' -value=0.
Run: Solver Add Wall -g-tag=5 -b-tag='P' -value=0.0

Run: Solver Set Pramiters -viscosity=0.001 -density=1.0

O O O

Run: jobbot Set Value -value-name=vl limit -value-double=0
Run: jobbot Set Value -value-name=v2 limit -value-double=100

Run: exe Build Loop -name=fast loop

Run: fast loop Add -object=Solver -function=Solver

Run: fast loop Add -object=jobbot -function=Set Value -value-name=vl limit -value-
add-double=1;

Run: fast loop Run -loop-count=0 -code-time=0.0 -loop-time=0.0 -limit-1='vl limit',
<,'v2 limit'

Run: Domain Write File -pos-file-name='results-dir', 'problem-name', .pos

Run: exe Exit
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A.2 Appendix
Table 3: Results for steady test case 2D-1
| | Unknowns |  cp | q | La| AP [ Mem. | CPUtime | MFlop rate |
1 200607 | 5.5567 | 0.0106 | 0.0845 | 0.1172 15 788 | 1600 PEAK
51159 | 55567 | 0.0106 | 0.0843 | 0.1172 4 273
13299 | 5.5661 | 0.0105 | 0.0835 | 0.1169 1 144
3a 10800 | 5.6000 | 0.0120 | 0.0720 | 0.1180 25 121 75 PEAK
4 297472 | 5.5678 | 0.0105 | 0.0847 | 0.1179 137 31000 | 445 LINP
75008 | 5.5606 | 0.0107 | 0.0849 | 0.1184 73 8000
19008 | 5.5528 | 0.0118 | 0.0857 | 0.1199 57 2000
6 1314720 | 5.8190 | 0.0110 | 0.0870 | 0.1230 40 80374 13 LINP
332640 | 5.7740 | 0.0030 | 0.0830 | 0.1230 10 10461
85140 | 5.7890 | -0.0060 | 0.0870 | 0.1230 2.6 1262
7a 294912 | 5.5846 | 0.0106 | 0.0846 | 0.1176 75 192 13 LINP
73728 | 55852 | 0.0105 | 0.0845 | 0.1176 19 47
18432 | 5.5755 | 0.0102 | 0.0842 | 0.1175 5 13
8a 20487 | 5.5760 | 0.0110 | 0.0848 | 0.1170 9.0 2574 8.3 LINP
6297 | 5.5710 | 0.0130 | 0.0846 | 0.1160 29 362
2298 | 5.4450 | 0.0200 | 0.0810 | 0.1110 1.3 109
9a 240000 | 5.5803 | 0.0106 | 0.0847 | 0.1175 53 9200 34 LINP
60000 | 5.5786 | 0.0106 | 0.0847 | 0.1173 10 1400
15000 | 5.5612 | 0.0109 | 0.0848 | 0.1166 25 200
10 2665728 | 5.5755 | 0.0106 | 0.0780 | 0.1173 350 677 90 LINP
667264 | 5.5718 | 0.0105 | 0.0770 | 0.1169 89 169
167232 | 5.5657 | 0.0102 | 0.0730 | 0.1161 22 52
42016 | 5.5608 | 0.0091 | 0.0660 | 0.1139 5 18
12 32592 | 55069 | 0.0132 | 0.0830 | 0.1155 18 1796 5.5 LINP
26970 | 5.5125 | 0.0056 | 0.0827 | 0.1154 15 1099
22212 | 5.6026 | -0.0031 | 0.0815 | 0.1167 13 3437
13a 25410 | 5.6145 | 0.0159 | 0.8315 | 3.0002 4 14203 90 LINP
12738 | 56114 | 0.0169 | 0.8224 | 2.9943 2 3018
6562 | 5.7377 | 0.0514 | 0.8107 | 3.2277 1
14a 3077504 | 5.6323 | 0.0137 | 0.0782 | 0.1159 214 15300 6.6 LINP
768704 | 5.6382 | 0.0102 | 0.0775 | 0.1156 53 5490
191840 | 5.5919 | -0.0009 | 0.0750 | 0.1143 13 2800
14b 30775296 | 5.5902 | 0.0108 | 0.0853 | 0.1174 | 5340 1534 | 1334 LINP
7695104 | 56010 | 0.0110 | 0.0844 | 0.1174 | 1341 400
1922432 | 5.6227 | 0.0113 | 0.0833 | 0.1172 338 119
14c 797010 | 5.5708 | 0.0167 | 0.0837 | 0.1168 460 8000 | 334 LINP
363457 | 5.5598 | 0.0142 | 0.0835 | 0.1166 230 3290
176396 | 55106 | 0.0046 | 0.0835 | 0.1150 110 2560
15a 432960 | 5.5602 | 0.0329 | 0.0730 | 0.1054 4.4 179986 7.4 LINP
108240 | 5.6300 | 0.0751 | 0.0720 | 0.1037 1.1 13593
27060 | 5.7769 | 0.2085 | 0.0680 | 0.0998 0.3 688
17 111342 | 55610 | 0.0107 0.1170 87 2568 8.3 LINP
60804 | 5.5520 | 0.0102 0.1168 47 1092
19416 | 55160 | 0.0099 0.1158 15 373
lower bound | 5.5700 [ 0.0104 | 0.0842 [ 0.1172
upper bound | 5.5900 | 0.0110 | 0.0852 | 0.1176

12
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A.3 Appendix
Table 4: Results for time—periodic test case 2D-2
Unknowns
Space \ Time | Cpmax Clmax St AP | Mem. | CPU time | MFlop rate
1| 267476 67 | 3.2224 | 0.9672 | 0.2995 | 2.4814 — — | 1600 PEAK
267476 34 | 3.2030 | 0.9223 | 0.2941 | 2.4664 — —
267476 18 | 3.1605 | 0.8026 | 0.2901 | 2.4466 — —
68212 67 | 3.2171 | 0.9591 | 0.2995 | 2.5009 — —
17732 68 | 3.2168 | 0.9295 | 0.2979 | 2.5573 — —
3 12800 34 | 3.2200 | 0.9720 | 0.2960 | 2.4700 2.5 789 75 PEAK
4| 297472 670 | 3.2460 | 0.9840 | 0.2985 | 2.4900 137 6600 | 445 LINP
297472 338 | 3.2710 | 0.9800 | 0.2959 | 2.4870 137 3400
297472 172 | 3.3200 | 0.9720 | 0.2907 | 2.4810 137 1700
75008 670 | 3.2410 | 0.9910 | 0.2985 | 2.5020 73 2350
19008 674 | 3.2320 | 1.0260 | 0.2967 | 2.5320 57 1350
6 | 332640 | 12000 | 4.1210 | 1.6120 | 0.3330 | 3.1420 10 10086 13 LINP
85140 | 6000 | 4.7330 | 2.0600 | 0.3380 | 3.4300 2.6 1259
7a | 294912 36 | 3.2358 | 1.0069 | 0.3003 | 2.4892 75 6167 13 LINP
294912 19 | 3.2356 | 1.0000 | 0.2973 | 2.4871 75 6391
294912 10 | 3.2152 | 0.9028 | 0.2881 | 2.4715 75 4994
73728 36 | 3.2443 | 1.0261 | 0.2994 | 2.4929 19 1946
18432 36 | 3.2706 | 1.0695 | 0.2968 | 2.5035 5 445
8a 29084 66 | 3.2240 | 1.0060 | 0.3020 | 2.4860 11 4992 8.3 LINP
29084 33 | 3.2470 | 1.0740 | 0.3030 | 2.5010 11 3777
29084 16 | 3.2900 | 1.2500 | 0.3130 | 2.5700 11 3217
8764 66 | 3.1740 | 0.9640 | 0.3000 | 2.4630 3.6 1000
2978 70 | 2.8920 | 0.5540 | 0.2890 | 2.2870 1.5 339
9a | 240000 | 5000 | 3.2267 | 0.9862 | 0.3017 | 2.4833 53 32500 34 LINP
60000 | 10000 | 3.2232 | 0.9830 | 0.3012 | 2.4773 10 8550
60000 | 5000 | 3.2232 | 0.9832 | 0.3012 | 24773 10 4500
60000 | 2500 | 3.2232 | 0.9836 | 0.3012 | 2.4773 10 3400
15000 | 5000 | 3.2058 | 0.9651 | 0.2994 | 2.4587 2.5 3240
10 | 667264 612 | 3.2314 | 0.9999 | 0.2973 | 2.4707 128 8545 90 LINP
667264 204 | 3.2351 | 1.0123 | 0.2957 | 2.4734 128 2850
667264 68 | 3.2771 | 1.1205 | 0.2997 | 2.4961 128 1065
167232 188 | 3.2498 | 1.0081 | 0.2927 | 2.4410 32 655
42016 164 | 3.2970 | 0.8492 | 0.2713 | 2.3423 8 147
13b | 25410 | 6755 | 3.1822 | 1.0692 | 0.2960 | 2.6066 5.1 44710 90 LINP
25410 | 3877 | 3.1895 | 1.0883 | 0.2968 | 2.6057 4.8 27175
25410 | 1678 | 3.2043 | 1.1268 | 0.2979 | 2.5307 4.7
12738 | 6799 | 3.1945 | 1.1233 | 0.2941 | 2.6140 2.9 13045
6562 | 7223 | 3.1317 | 1.2961 | 0.2768 | 3.0253 1.8
15a | 432960 | 7790 | 3.0804 | 0.7256 | 0.2778 | 2.1330 4.4 108844 7.4 LINP
108240 | 4003 | 3.1677 | 0.6880 | 0.2646 | 2.0954 1.1 34876
108240 | 3859 | 3.1096 | 0.8249 | 0.2841 | 2.1105 1.1 58003
27060 | 1985 | 3.2544 | 0.5658 | 0.2336 | 1.9727 0.3 3796
27060 | 1670 | 3.1759 | 0.7656 | 0.2740 | 1.9961 0.3 4188
lower bound | 3.2200 | 0.9900 | 0.2950 | 2.4600
upper bound | 3.2400 | 1.0100 | 0.3050 | 2.5000

13
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A.5 Appendix
IT I Lowara
FCS4 SERIES
OPERATING CHARACTERISTICS AT 50 Hz, 4 POLES
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The declared NPSH values are laboratory values: for practical use we suggest increasing these values by 0.5 m.

The declared performances are valid for liquids with density p =1,0 kg/dm * and kinematic viscosity v =1 mm ?/s.
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Flow Nomogram
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A.14 Appendix

Run: exe Load Command -file-name=dir.txt

Run: jobbot Set Value -value-name=problem-name -value-string=C 07
Run: jobbot Set Value -value-name=code run_ time -value-double=165600 //1 day 22 hour

Run: jobbot UseJobBot -timer=0 -file-name='results-dir', 'problem-name', logfile.txt

Run: exe Build Domain -name=Domain
Run: Domain Setup -gmsh-file='mesh-dir', 'problem-name', data.msh

// Domain node

Run: jobbot Set Value -value-name=DOMAIN NODES -value-int=0

Run: Domain Group Elements -g-tag='DOMAIN NODES' -element-type=1 -domain-tag=
1,2,3,33,38,67,68,97,98,127,128,157,158,187,188,217,218,247,248

// Domain elements

Run: jobbot Set Value -value-name=DOMAIN ELEMENTS -value-int=1

Run: Domain Group Elements -g-tag='DOMAIN ELEMENTS' -element-type=3 -domain-tag=
1,2,3,33,38,67,68,97,98,127,128,157,158,187,188,217,218,247,248

// Setup U=1
Run: Domain Group Elements -g-tag=2 -element-type=1 -wall-tag=35

// Setup U=0

Run: Domain Group Elements -g-tag=3 -element-type=1 -wall-tag=
44,45,46,47,74,75,76,77,104,105,106,107,134,135,136,137,164,165,166,167,194,195,196,19
7,224,225,226,227

// Setup V=0

Run: Domain Group Elements -g-tag=4 -element-type=1 -wall-tag=
35,21,25,29,31,34,36,44,45,4¢6,47,74,75,76,77,104,105,106,107,134,135,136,137,164,165,1
66,167,194,195,196,197,224,225,226,227

// Setup P=0
Run: Domain Group_ Elements -g-tag=5 -element-type=1 -wall-tag=30

// Setup slip

Run: Domain Group Elements -g-tag=6 -element-type=2 -wall-tag=
35,30,21,25,29,31,34,36,44,45,46,47,74,75,76,77,104,105,106,107,134,135,136,137,164,16
5,166,167,194,195,196,197,224,225,226,227

Run: exe Build Boundray Data -name=Boundary -mesh=Domain

Run: Boundary de_Wall -g-tag=2 -b-tag='U' -value=1.0
Run: Boundary Add Wall -g-tag=3 -b-tag='U' -value=0.0
Run: Boundary Add Wall -g-tag=4 -b-tag='V' -value=0.0
Run: Boundary Add Wall -g-tag=5 -b-tag='P' -value=0.0
Run: Boundary Add Wall -g-tag=6 -b-tag=7 -value=0.0

Run: Boundary Setup

Run: exe Build Body Force -name=Wall Force -mesh=Domain

Run: Domain Group Elements -g-tag=7 -element-type=2 -wall-tag=44,45,46,47
Run: Wall Force SetupSurface -g-tag=7 -tag-number=0

Run: Domain Group Elements -g-tag=8 -element-type=2 -wall-tag=74,75,76,77
Run: Wall Force SetupSurface -g-tag=8 -tag-number=1

Run: Domain Group Elements -g-tag=9 -element-type=2 -wall-tag=104,105,106,107
Run: Wall Force SetupSurface -g-tag=9 -tag-number=2

Run: Domain Group Elements -g-tag=10 -element-type=2 -wall-tag=134,135,136,137
Run: Wall Force SetupSurface -g-tag=10 -tag-number=3

Run: Domain Group Elements -g-tag=11 -element-type=2 -wall-tag=164,165,166,167
Run: Wall Force SetupSurface -g-tag=11l -tag-number=4

Run: Domain Group Elements -g-tag=12 -element-type=2 -wall-tag=194,195,196,197
Run: Wall Force SetupSurface -g-tag=12 -tag-number=5

Run: Domain Group Elements -g-tag=13 -element-type=2 -wall-tag=224,225,226,227
Run: Wall Force SetupSurface -g-tag=13 -tag-number=6

Run: exe Load Command -file-name=solver.txt
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Run:
Run:

Run:
Run:
Run:

Run:
Run:
3600
Run:
Run:
Run:

Run:

Run:
Run:

End:

exe Build Solver -name=Solver -mesh=Domain -boundary=Boundary
Solver Set Pramiters -viscosity=0.01 -density=1.0 -file-priority=1

exe Build Loop -name=fast loop

fast loop
fast loop

Add
Add

-object=Solver -function=Solver
-object=Wall Force -function=Calculate

exe Build Loop -name=slow_loop

slow_ loop
slow_loop
slow loop

slow loop

slow_ loop

Add
Add
Add
Add

Run

-object=fast loop -function=Run -code-time='run time' -loop-time=
-object=jobbot -function=Print Value

-object=Wall Force -function=Write File -file-type=csv
-object=Domain -function=Write File -msh-file-name=default

-code-time='code run time'

Wall Force Write File -file-type=csv
Domain Write File -msh-file-name=default
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