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In order to accurately solve the unsteady fluid motion by large eddy simulation, we have to use a grid-resolution as
uniform as possible to the whole flow field. It is often the case that the grid-resolution becomes insufficient off the wall
when the structured grid system such as an O-type is employed. There have been many researches on the adaptive
mesh refinement (AMR) since 1980s. Even in the AMR code, however, we should take advantage of the knowledge
acquired in the structured grid approach. Then, we employ the blocked adaptive mesh refinement (BAMR) to remain
the grid-resolution to be preferably unchanged in the computational domain. In this study, we made the performance
evaluation tests to the parallel BAMR LES developed by the authors’ group, and found that some improvements
related to data copy and communication should be made to get the better performance up to higher parallel numbers.
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Fig. 1 Two types of AMR grids.
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Fig.5 Workflow of the currently developed parallel BAMR code.
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Fig. 2: Magnitude of vorticity colored by static pressure, and Mach
number contours in the xy-plane.
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Fig. 7 Image of the memory usage in the original BAMR code and the
improved one.

1L, WAFHEOERIIOWTEIA T Y 20 S 7223, BAMR 5
DOARGE AT DT — 2 a0 AT V1387 a0k v ClRERC
FFoTWNBT0, 7y ZEIVISWE XTI, AEEOE O
A U EHE L RAGHEOESO AT VERENRLE L 72D, i)
BFHEDEED AE Y OLGHOBRBRZIZ N LinLehib,
Ty 7 EHEINT B & RAGHR OZE D A ) IHE DSBS
72570z, BBERTEEBEHZOT— FTIEAE YV EHEDE 3
WEEICEND. FRIC, BREHEORITIE, Mok v 7 5o
5383 DAY EAIOa— RT3 328 GB, BR#%ZOa—K
TIX 97GB L722->THEY, 705%DAE Y ZHIET 52 LN T
77 E7, BEBOT— RTE 8CPU THE LA D AE VS
JAE/Y 101 GB Thotz. ZOHA, SEFiDaT— RO AT Y H
R o o I 57-9 655 GB TH Y, WHEED=
—Ri% 846 % DAEY ZHPLTETCNWLZ LIZD. ZOAE
U OBEINC L > T, EBIEEOT ey 7 EE R UIZHED
ARETH D Z Lot

FEE R UHGERIEICRBNT, 1BV 1 AT v 7 Hi= 0 OB
BN OV TR A Table 2 (R £ DD X 51,
WBRRHENZDOUWTIE 1F & A BN H DRI T2 2 RF v v
T a IARFIIONTE, KBAL, EBEHOTIOI— R 0.1%
FEEE, TLB I AIZHOWTH 0 IZIVMETH 5728, AE YV Dl
BT o> THERR N ZEN TR o T2 E 2 Db,

Table1 Total memory usage of the BAMR code.

Number of leaf blocks Original Improved

79 768 MB 704 MB
""""" © | oM | M8 |
 ue | oo8MB | 316MB |
- 2IBMB | 9GAMB |

Table2 Effective CPU Time / cell / step.

Number of leaf blocks Original Improved

79 0. 108 msec 0. 107 msec
"""" # | olwomec | olo7mec |
©ugr | om3mec | 0.108msec |
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Fig.8 Comparison of elapse time for parallel computations
(2CPU, 4CPU, 8CPU, 16CPU, and 32CPU).
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Fig. 9 Cost comparison for the case of different block number and used
CPU-numbers.

Elapsed (s) User (s) System(s)

92. 8380 2767.1899 58.4000 Application

92. 8380 86. 3400 2.9900 Process 4
92. 6092 85. 7800 2.5800 Process 0
92.5257 85. 8900 2.7500 Process 1
92. 4699 86. 3300 2.3800 Process 2
92.2714 86. 4300 2.3600 Process 3
92. 1651 86. 2400 2.1000 Process 5
92.0584 86. 4900 2.0900 Process 6
91.9173 86.3100 2.1800 Process 7
91.8732 86. 2400 2.1000  Process 8
91.7750 86. 6000 1.9900 Process 9
91.7631 86. 2900 1.9500  Process 10
91.6933 86. 6500 1.9500 Process 12
91. 6896 86. 2000 1.9500  Process 11
91.5674 86. 6500 1.8300 Process 13
91. 4550 86. 4200 2.0000 Process 14
91.3888 86. 5200 1.7500 Process 15
91.3710 86. 4400 1.6400 Process 16
91.2143 86. 2500 1.8300  Process 17
91.1658 86. 7200 1.7100  Process 18
91.1279 86. 6800 1.6400  Process 19
91. 0846 86. 6500 1.5600 Process 20
91.0294 86. 7700 1.4600 Process 21
90. 9461 86. 5400 1.4700  Process 22
90.9176 86. 6500 1.4000 Process 2
90. 8057 86. 7600 1.4900 Process 24
90. 7037 86. 5400 1.5500  Process 25
90. 6375 86. 5200 1.4500 Process 26
90. 5749 86. 6300 1.2500 Process 27
90. 5229 86. 5300 1.3100 Process 28
90. 4125 86. 6600 1.3100 Process 29
90. 3292 86.7100 1.2100 Process 30
90.2972 86. 7600 1.1700  Process 31

Fig. 10 Time information (Elapsed time, User time, and System time)
for each CPU
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Fig. 11 Percentage of time waiting for a received and get
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Fig.12 Top: Comparison of numerical results for Sod’s shock-tube
problem : a solid line(red-line) shows analytic solution; markers show the
BAMR solution. Bottom; Grid spacing for each level created by
BAMR splitting.
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Fig. 13 Comparison of the numerical result of no-BAMR calculation for
Sod’s shock-tube problem; a solid line (red-line) shows the analytic
solution, and markers show the result by no-BAMR calculation.
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