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About myself...

Professional...

@ Current position (since 2024): Full Professor at UPC

@ Previous positions: PostDoc at University of Groningen (2007-2009)
and UPC (2010-2013), Ramén y Cajal Senior Researcher at UPC
(2013-2018) and Associate Professor (2018-2023).

@ My research focus is on fluid mechanics, turbulence modeling,
physics and numerics of complex flows, applied mathematics and
numerical methods.

@ Some numbers: 58 papers, 190 conferences, 12 PhD’s+5 (on-going)

e Stays and collaborations: Groningen (Netherlands), UCLA, KIAM
(Russian Academy of Sciences), Stanford, Tsinghua (China),
TokioTech (Japan), Napoli (Italy), CWI (Netherlands),...

@ More info: www.fxtrias.com
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About myself...

. and more personal stuff

® My complete name: Francesc Xavier Trias Miquel
@ Born in Barcelona
@ My mother tongue is Catalan. | also speak Spanish at native level.

@ Hobbies? | like my work but also sports. Most practiced ones are
running and football:

Groningen (20097?) Barcelona (2019)
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The CTTC research group

Heat and Mass Transfer Technological Center (Catalan: Centre Tecnoldgic
de Transferéncia de Calor) has more than 30 years experience on CFD:
o Fundamental research on numerical methods, fluid dynamics and
heat and mass transfer phenomena.
o Applied research on thermal and fluid dynamic optimization of
thermal system and equipment.
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CTTC's historical background in HPC

1995 2000 2005 2010 2015 2020
Vo M &
Technology Trends in HPC O"U /1710 qu
single-core CPU clusters . multi-core CPU clusters - hybrid clusters >
o
By > \\\&‘“
CTTC resources and software __scalability up to 100k cores

DPC STG
sequential structured parallel structured

. HPC*
termDﬂUlds heterogeneous algebrai>

deep source of applied and —
fundamental research
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General motivation: (very) large-scale DNS/LES

MareNostrum 5-ACC

Snellius
(Barcelona)

(Amsterdam)

TSUBAMEA4.0

(Tokyo)

rank #8 rank #165 rank #31
1120 nodes with: 714 nodes with: 240 nodes with:
2x Intel Shappire Rapids 8460 2x AMD EPYC 9654 96C 2x AMD EPYC 9654 96-Core
1x NVIDIA Hopper 64 GB HBM 1x Infiniband NDR200 4x NVIDIA H100 SXM5
D N S < 1x Infiniband NDR200 1x Infiniband NDR200

HPC (High Performance Computing)
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General motivation: (very) large-scale DNS/LES

How to properly discretize NS?

p
[ Numerical Methods ]

DNS<
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Motivation

Research question #1
solving with finite volume method?

@ What are we indeed

==

s
3 ?;xﬁ‘[: ;

DNS! of the turbulent flow around a square cylinder at Re = 22000

1F X.Trias, A.Gorobets, A.Oliva. Turbulent flow around a square cylinder at Reynolds
9/28

number 22000: a DNS study, Computers&Fluids, 123:87-98, 2015.
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Motivation

Research question #1:

@ What are we indeed solving with finite volume method?

|1M

E—— Wﬁ‘ft\b ﬁ"’i ‘)5?"’, ﬁh "f‘

>

DNS? of backward-facing step at Re; = 395 and expansion ratio 2

2A Pont-Vilchez, F.X.Trias, A.Gorobets, A.Oliva. DNS of Backward-Facing Step flow

at Rer = 395 and expansion ratio 2. Journal of Fluid Mechanics, 863:341-363, 2019.
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Motivation

Research question #2:

@ What are we interpolating? What is the correct interpretation?

p
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Motivation

Research question #2:

@ What are we interpolating? What is the correct interpretation?
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Motivation

Research question #2:

@ What are we interpolating? What is the correct interpretation?
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D e
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Motivation

Research question #3:

@ Can we developed high-order symmetry-preserving schemes for
unstructured grids?
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Motivation

Research question #3:

@ Can we developed high-order symmetry-preserving schemes for
unstructured grids? And, therefore, get better performance

23 "

38
s

e 28 25 B ™
0% 29 26\ [ .ﬁ
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Reminder: symmetry-preserving discretization

Continuous

(3;;+C(u,u)zuv2u—Tp

Vu=0
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Reminder: symmetry-preserving discretization

Continuous Discrete
d
N Cluw) =vu—p QD Cuy) uy = Duy— Cp,
Vu=0 I\/Iuh = Oh
(a,b) = f abdQ (ap, bp), = a Qby,
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Reminder: symmetry-preserving discretization

Continuous Discrete
ou ’ duy
a#—C(u,u):VV u—"\p QF—kC(uh)uh:Duh—thh
Vu=0 I\/Iuh = Oh
(a,b) = f abdQ (ap, bp), = a Qby,
Q
_ T
(C (U, ¢1)7¢2) = _(C (U, ¢2)7¢1) ¢ (Uh) =—C T(Uh)
(V-a,6) = —(a, V) G = -M

(V2a,b) = (a,V°b) D=D" def -
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Revisiting FVM

B 1 x+h/2
Box filter: o(x) = hf odx
x—h/2
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Revisiting FVM

B 1 x+h/2
Box filter: ¢ = ¢(x) = hf ddx
x—h/2
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——F—&—t—--

he

| w
T L

axale = T¢‘e = (¢E - (bP)/he

he

In summary (assuming that u is known):

66 m % &P 6(u¢) (—/3299
b _ op _ |
ot * 0x 0x2 Ot + Ox o2 Exact FVM eq!

Instead, we are solving (in a 2"“-order symmetry-preserving discretization)

o(up 02
(uP) Y 4 Approx FVM eq!
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Towards high-order via deconvolution

B 1 x+h/2
Box filter: ¢ = ¢(x) = f odx
x—h/2

axale = T¢‘e = (¢E - (bP)/he

In summary, in 1D we have:
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Towards high-order via deconvolution
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Box filter: ¢ = ¢(x) = f odx
x—h/2

axale = T¢‘e = (¢E - (bP)/he

In summary, in 1D we have:

52 25 2.,/ 2=\ '

0cp  0%p 0% 0°p 4
- ) +o(h

o axE T T (ax2> +O)

2

0“9 —pee +16pg — 30pp + 160w — oww 4
~ O(h

0x? 12h2 +O(h")

. . 2
This can be extended to 2D/3D (notice that ¢ = — 2 V2p + O(h%))

V2 = V25 + V2¢' + (V25) + O(hY)
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Subgrid characteristic length for LES: state of the art
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Subgrid characteristic length for LES: state of the art

@ In the context of LES, most popular (by far) is:

Svol = (AxAyAz)'?

<— Deardorff (1970)

dsco = f(a1,a2)0vol, dp2 = \/(AX2 + Ay? + Az2)/3
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Subgrid characteristic length for LES: state of the art

@ In the context of LES, most popular (by far) is:

Svol = (AxAyAz)*3 | — Deardorff (1970)

dsco = f(a1, @)dyol, 02 = \/(AX2 +Ay? + Az?)/3
. GGT : GGT
sa =\ GGT . GGT
@ In the context of DES:
‘5max = max(Ax, Ay, Az) ‘<: Sparlart et al. (1997)

<= Trias et al. (2017)

Flow-dependant definitions

0w = \/(w)%AyAz +w2AxAz + w2AxAy)/|w|? <= Chauvet et al. (2007)

b = % n7mr2?),(...,8 [In—Im| <= Mockett et al. (2015)
dsr.a = bw Fu(VTM) < Shur et al. (2015)

18/28



A rational length scale for LES
[e]e]e] lelelelele]e]

A rational length scale for LES

Research question #4:

@ Can we establish a simple, robust, and easily implementable
definition of § for any type of grid that minimizes the impact of mesh
anisotropies on the performance of subgrid-scale models?
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Research question #4:

@ Can we establish a simple, robust, and easily implementable
definition of § for any type of grid that minimizes the impact of mesh
anisotropies on the performance of subgrid-scale models?
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A rational length scale for LES

- 1 x+h/2
Box filter:  ¢(x) = f ¢pdx
x—h/2

Oxp = Oxp = (Pe — Pw)/h

Remark #1: the actual filter length, J, when computing the face
derivative is he, i.e., the distance between the adjacent nodes P and E.
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A rational length scale for LES

. x+h/2
Box filter:  ¢(x) = f ¢pdx
x—h/2

. | V.V '}W '}e

hy he

@
[ 1!
1
1

Oxp = Oxp = (Pe — Pw)/h

The diffusive term in a FVM framework is approximated as follows

R~ (5] i) - 5 (%)),
ox \U ox 0x |, w ox \ Ox

Ox
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. x+h/2
Box filter:  ¢(x) = f ¢pdx
x—h/2

. | V.V '}W '}e

hy he

@
[ 1!
1
1

Oxp = Oxp = (Pe — Pw)/h

The diffusive term in a FVM framework is approximated as follows

0 30) 1/ _0¢ 09 (9¢
ax(rax>P (5L - ax(ax>\

1 de—9p . ¢P—¢W>_ (5¢>
"h e " h ©ox \ ox

Ox
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when computing the diffusive term:

@ the calculation of the face derivative ﬁ
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@ the cell-to-face interpolation of I' Fp (F 1 >
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Concluding remarks

o Preserving operator symmetries is the key point
for reliable LES/DNS simulations

@ Numerical schemes in FVM can be viewed as
spatial (box) filters

57(,0 n 5(“90) _ 1/62¢ schemes 574,0 n (9(ugp) (:‘27@
ot 0x 0x? ot Ox 0x2

@ In principle, the analysis can be extended to 3D
problems and unstructured grids

V20 = V25 + V2 + (V25) + O(h*)

26/28



Conclusions
0000

Concluding remarks

@ A new definition for ¢ has been proposed

27/28



Concluding remarks

@ A new definition for ¢ has been proposed

6rls

@ Suitable for unstructured grids

o It is locally defined, well-bounded, cheap and easy to implement



Concluding remarks

@ A new definition for ¢ has been proposed

@ Suitable for unstructured grids
o LES tests:
e HIT v/

G:G
o It is locally defined, well-bounded, cheap and easy to implement

e Turbulent channel flow (on-going)
e Unstructured grids (future work)

Conclusions
0000

6rls

27/28



Concluding remarks

Conclusions
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@ A new definition for ¢ has been proposed

G:G
6rls_

G:G
o It is locally defined, well-bounded, cheap and easy to implement
@ Suitable for unstructured grids

o LES tests:
o HIT v/

e Turbulent channel flow (on-going)
e Unstructured grids (future work)

?
Takeaway message:

5'—'%

87 87
@ Definition of § can have a big effect on simulation results

27/28



28/28



	Background
	Motivation
	Revisiting FVM
	A rational length scale for LES
	Conclusions

	anm4: 
	4.199: 
	4.198: 
	4.197: 
	4.196: 
	4.195: 
	4.194: 
	4.193: 
	4.192: 
	4.191: 
	4.190: 
	4.189: 
	4.188: 
	4.187: 
	4.186: 
	4.185: 
	4.184: 
	4.183: 
	4.182: 
	4.181: 
	4.180: 
	4.179: 
	4.178: 
	4.177: 
	4.176: 
	4.175: 
	4.174: 
	4.173: 
	4.172: 
	4.171: 
	4.170: 
	4.169: 
	4.168: 
	4.167: 
	4.166: 
	4.165: 
	4.164: 
	4.163: 
	4.162: 
	4.161: 
	4.160: 
	4.159: 
	4.158: 
	4.157: 
	4.156: 
	4.155: 
	4.154: 
	4.153: 
	4.152: 
	4.151: 
	4.150: 
	4.149: 
	4.148: 
	4.147: 
	4.146: 
	4.145: 
	4.144: 
	4.143: 
	4.142: 
	4.141: 
	4.140: 
	4.139: 
	4.138: 
	4.137: 
	4.136: 
	4.135: 
	4.134: 
	4.133: 
	4.132: 
	4.131: 
	4.130: 
	4.129: 
	4.128: 
	4.127: 
	4.126: 
	4.125: 
	4.124: 
	4.123: 
	4.122: 
	4.121: 
	4.120: 
	4.119: 
	4.118: 
	4.117: 
	4.116: 
	4.115: 
	4.114: 
	4.113: 
	4.112: 
	4.111: 
	4.110: 
	4.109: 
	4.108: 
	4.107: 
	4.106: 
	4.105: 
	4.104: 
	4.103: 
	4.102: 
	4.101: 
	4.100: 
	4.99: 
	4.98: 
	4.97: 
	4.96: 
	4.95: 
	4.94: 
	4.93: 
	4.92: 
	4.91: 
	4.90: 
	4.89: 
	4.88: 
	4.87: 
	4.86: 
	4.85: 
	4.84: 
	4.83: 
	4.82: 
	4.81: 
	4.80: 
	4.79: 
	4.78: 
	4.77: 
	4.76: 
	4.75: 
	4.74: 
	4.73: 
	4.72: 
	4.71: 
	4.70: 
	4.69: 
	4.68: 
	4.67: 
	4.66: 
	4.65: 
	4.64: 
	4.63: 
	4.62: 
	4.61: 
	4.60: 
	4.59: 
	4.58: 
	4.57: 
	4.56: 
	4.55: 
	4.54: 
	4.53: 
	4.52: 
	4.51: 
	4.50: 
	4.49: 
	4.48: 
	4.47: 
	4.46: 
	4.45: 
	4.44: 
	4.43: 
	4.42: 
	4.41: 
	4.40: 
	4.39: 
	4.38: 
	4.37: 
	4.36: 
	4.35: 
	4.34: 
	4.33: 
	4.32: 
	4.31: 
	4.30: 
	4.29: 
	4.28: 
	4.27: 
	4.26: 
	4.25: 
	4.24: 
	4.23: 
	4.22: 
	4.21: 
	4.20: 
	4.19: 
	4.18: 
	4.17: 
	4.16: 
	4.15: 
	4.14: 
	4.13: 
	4.12: 
	4.11: 
	4.10: 
	4.9: 
	4.8: 
	4.7: 
	4.6: 
	4.5: 
	4.4: 
	4.3: 
	4.2: 
	4.1: 
	4.0: 
	anm3: 
	3.150: 
	3.149: 
	3.148: 
	3.147: 
	3.146: 
	3.145: 
	3.144: 
	3.143: 
	3.142: 
	3.141: 
	3.140: 
	3.139: 
	3.138: 
	3.137: 
	3.136: 
	3.135: 
	3.134: 
	3.133: 
	3.132: 
	3.131: 
	3.130: 
	3.129: 
	3.128: 
	3.127: 
	3.126: 
	3.125: 
	3.124: 
	3.123: 
	3.122: 
	3.121: 
	3.120: 
	3.119: 
	3.118: 
	3.117: 
	3.116: 
	3.115: 
	3.114: 
	3.113: 
	3.112: 
	3.111: 
	3.110: 
	3.109: 
	3.108: 
	3.107: 
	3.106: 
	3.105: 
	3.104: 
	3.103: 
	3.102: 
	3.101: 
	3.100: 
	3.99: 
	3.98: 
	3.97: 
	3.96: 
	3.95: 
	3.94: 
	3.93: 
	3.92: 
	3.91: 
	3.90: 
	3.89: 
	3.88: 
	3.87: 
	3.86: 
	3.85: 
	3.84: 
	3.83: 
	3.82: 
	3.81: 
	3.80: 
	3.79: 
	3.78: 
	3.77: 
	3.76: 
	3.75: 
	3.74: 
	3.73: 
	3.72: 
	3.71: 
	3.70: 
	3.69: 
	3.68: 
	3.67: 
	3.66: 
	3.65: 
	3.64: 
	3.63: 
	3.62: 
	3.61: 
	3.60: 
	3.59: 
	3.58: 
	3.57: 
	3.56: 
	3.55: 
	3.54: 
	3.53: 
	3.52: 
	3.51: 
	3.50: 
	3.49: 
	3.48: 
	3.47: 
	3.46: 
	3.45: 
	3.44: 
	3.43: 
	3.42: 
	3.41: 
	3.40: 
	3.39: 
	3.38: 
	3.37: 
	3.36: 
	3.35: 
	3.34: 
	3.33: 
	3.32: 
	3.31: 
	3.30: 
	3.29: 
	3.28: 
	3.27: 
	3.26: 
	3.25: 
	3.24: 
	3.23: 
	3.22: 
	3.21: 
	3.20: 
	3.19: 
	3.18: 
	3.17: 
	3.16: 
	3.15: 
	3.14: 
	3.13: 
	3.12: 
	3.11: 
	3.10: 
	3.9: 
	3.8: 
	3.7: 
	3.6: 
	3.5: 
	3.4: 
	3.3: 
	3.2: 
	3.1: 
	3.0: 
	anm2: 
	2.400: 
	2.399: 
	2.398: 
	2.397: 
	2.396: 
	2.395: 
	2.394: 
	2.393: 
	2.392: 
	2.391: 
	2.390: 
	2.389: 
	2.388: 
	2.387: 
	2.386: 
	2.385: 
	2.384: 
	2.383: 
	2.382: 
	2.381: 
	2.380: 
	2.379: 
	2.378: 
	2.377: 
	2.376: 
	2.375: 
	2.374: 
	2.373: 
	2.372: 
	2.371: 
	2.370: 
	2.369: 
	2.368: 
	2.367: 
	2.366: 
	2.365: 
	2.364: 
	2.363: 
	2.362: 
	2.361: 
	2.360: 
	2.359: 
	2.358: 
	2.357: 
	2.356: 
	2.355: 
	2.354: 
	2.353: 
	2.352: 
	2.351: 
	2.350: 
	2.349: 
	2.348: 
	2.347: 
	2.346: 
	2.345: 
	2.344: 
	2.343: 
	2.342: 
	2.341: 
	2.340: 
	2.339: 
	2.338: 
	2.337: 
	2.336: 
	2.335: 
	2.334: 
	2.333: 
	2.332: 
	2.331: 
	2.330: 
	2.329: 
	2.328: 
	2.327: 
	2.326: 
	2.325: 
	2.324: 
	2.323: 
	2.322: 
	2.321: 
	2.320: 
	2.319: 
	2.318: 
	2.317: 
	2.316: 
	2.315: 
	2.314: 
	2.313: 
	2.312: 
	2.311: 
	2.310: 
	2.309: 
	2.308: 
	2.307: 
	2.306: 
	2.305: 
	2.304: 
	2.303: 
	2.302: 
	2.301: 
	2.300: 
	2.299: 
	2.298: 
	2.297: 
	2.296: 
	2.295: 
	2.294: 
	2.293: 
	2.292: 
	2.291: 
	2.290: 
	2.289: 
	2.288: 
	2.287: 
	2.286: 
	2.285: 
	2.284: 
	2.283: 
	2.282: 
	2.281: 
	2.280: 
	2.279: 
	2.278: 
	2.277: 
	2.276: 
	2.275: 
	2.274: 
	2.273: 
	2.272: 
	2.271: 
	2.270: 
	2.269: 
	2.268: 
	2.267: 
	2.266: 
	2.265: 
	2.264: 
	2.263: 
	2.262: 
	2.261: 
	2.260: 
	2.259: 
	2.258: 
	2.257: 
	2.256: 
	2.255: 
	2.254: 
	2.253: 
	2.252: 
	2.251: 
	2.250: 
	2.249: 
	2.248: 
	2.247: 
	2.246: 
	2.245: 
	2.244: 
	2.243: 
	2.242: 
	2.241: 
	2.240: 
	2.239: 
	2.238: 
	2.237: 
	2.236: 
	2.235: 
	2.234: 
	2.233: 
	2.232: 
	2.231: 
	2.230: 
	2.229: 
	2.228: 
	2.227: 
	2.226: 
	2.225: 
	2.224: 
	2.223: 
	2.222: 
	2.221: 
	2.220: 
	2.219: 
	2.218: 
	2.217: 
	2.216: 
	2.215: 
	2.214: 
	2.213: 
	2.212: 
	2.211: 
	2.210: 
	2.209: 
	2.208: 
	2.207: 
	2.206: 
	2.205: 
	2.204: 
	2.203: 
	2.202: 
	2.201: 
	2.200: 
	2.199: 
	2.198: 
	2.197: 
	2.196: 
	2.195: 
	2.194: 
	2.193: 
	2.192: 
	2.191: 
	2.190: 
	2.189: 
	2.188: 
	2.187: 
	2.186: 
	2.185: 
	2.184: 
	2.183: 
	2.182: 
	2.181: 
	2.180: 
	2.179: 
	2.178: 
	2.177: 
	2.176: 
	2.175: 
	2.174: 
	2.173: 
	2.172: 
	2.171: 
	2.170: 
	2.169: 
	2.168: 
	2.167: 
	2.166: 
	2.165: 
	2.164: 
	2.163: 
	2.162: 
	2.161: 
	2.160: 
	2.159: 
	2.158: 
	2.157: 
	2.156: 
	2.155: 
	2.154: 
	2.153: 
	2.152: 
	2.151: 
	2.150: 
	2.149: 
	2.148: 
	2.147: 
	2.146: 
	2.145: 
	2.144: 
	2.143: 
	2.142: 
	2.141: 
	2.140: 
	2.139: 
	2.138: 
	2.137: 
	2.136: 
	2.135: 
	2.134: 
	2.133: 
	2.132: 
	2.131: 
	2.130: 
	2.129: 
	2.128: 
	2.127: 
	2.126: 
	2.125: 
	2.124: 
	2.123: 
	2.122: 
	2.121: 
	2.120: 
	2.119: 
	2.118: 
	2.117: 
	2.116: 
	2.115: 
	2.114: 
	2.113: 
	2.112: 
	2.111: 
	2.110: 
	2.109: 
	2.108: 
	2.107: 
	2.106: 
	2.105: 
	2.104: 
	2.103: 
	2.102: 
	2.101: 
	2.100: 
	2.99: 
	2.98: 
	2.97: 
	2.96: 
	2.95: 
	2.94: 
	2.93: 
	2.92: 
	2.91: 
	2.90: 
	2.89: 
	2.88: 
	2.87: 
	2.86: 
	2.85: 
	2.84: 
	2.83: 
	2.82: 
	2.81: 
	2.80: 
	2.79: 
	2.78: 
	2.77: 
	2.76: 
	2.75: 
	2.74: 
	2.73: 
	2.72: 
	2.71: 
	2.70: 
	2.69: 
	2.68: 
	2.67: 
	2.66: 
	2.65: 
	2.64: 
	2.63: 
	2.62: 
	2.61: 
	2.60: 
	2.59: 
	2.58: 
	2.57: 
	2.56: 
	2.55: 
	2.54: 
	2.53: 
	2.52: 
	2.51: 
	2.50: 
	2.49: 
	2.48: 
	2.47: 
	2.46: 
	2.45: 
	2.44: 
	2.43: 
	2.42: 
	2.41: 
	2.40: 
	2.39: 
	2.38: 
	2.37: 
	2.36: 
	2.35: 
	2.34: 
	2.33: 
	2.32: 
	2.31: 
	2.30: 
	2.29: 
	2.28: 
	2.27: 
	2.26: 
	2.25: 
	2.24: 
	2.23: 
	2.22: 
	2.21: 
	2.20: 
	2.19: 
	2.18: 
	2.17: 
	2.16: 
	2.15: 
	2.14: 
	2.13: 
	2.12: 
	2.11: 
	2.10: 
	2.9: 
	2.8: 
	2.7: 
	2.6: 
	2.5: 
	2.4: 
	2.3: 
	2.2: 
	2.1: 
	2.0: 
	anm1: 
	1.150: 
	1.149: 
	1.148: 
	1.147: 
	1.146: 
	1.145: 
	1.144: 
	1.143: 
	1.142: 
	1.141: 
	1.140: 
	1.139: 
	1.138: 
	1.137: 
	1.136: 
	1.135: 
	1.134: 
	1.133: 
	1.132: 
	1.131: 
	1.130: 
	1.129: 
	1.128: 
	1.127: 
	1.126: 
	1.125: 
	1.124: 
	1.123: 
	1.122: 
	1.121: 
	1.120: 
	1.119: 
	1.118: 
	1.117: 
	1.116: 
	1.115: 
	1.114: 
	1.113: 
	1.112: 
	1.111: 
	1.110: 
	1.109: 
	1.108: 
	1.107: 
	1.106: 
	1.105: 
	1.104: 
	1.103: 
	1.102: 
	1.101: 
	1.100: 
	1.99: 
	1.98: 
	1.97: 
	1.96: 
	1.95: 
	1.94: 
	1.93: 
	1.92: 
	1.91: 
	1.90: 
	1.89: 
	1.88: 
	1.87: 
	1.86: 
	1.85: 
	1.84: 
	1.83: 
	1.82: 
	1.81: 
	1.80: 
	1.79: 
	1.78: 
	1.77: 
	1.76: 
	1.75: 
	1.74: 
	1.73: 
	1.72: 
	1.71: 
	1.70: 
	1.69: 
	1.68: 
	1.67: 
	1.66: 
	1.65: 
	1.64: 
	1.63: 
	1.62: 
	1.61: 
	1.60: 
	1.59: 
	1.58: 
	1.57: 
	1.56: 
	1.55: 
	1.54: 
	1.53: 
	1.52: 
	1.51: 
	1.50: 
	1.49: 
	1.48: 
	1.47: 
	1.46: 
	1.45: 
	1.44: 
	1.43: 
	1.42: 
	1.41: 
	1.40: 
	1.39: 
	1.38: 
	1.37: 
	1.36: 
	1.35: 
	1.34: 
	1.33: 
	1.32: 
	1.31: 
	1.30: 
	1.29: 
	1.28: 
	1.27: 
	1.26: 
	1.25: 
	1.24: 
	1.23: 
	1.22: 
	1.21: 
	1.20: 
	1.19: 
	1.18: 
	1.17: 
	1.16: 
	1.15: 
	1.14: 
	1.13: 
	1.12: 
	1.11: 
	1.10: 
	1.9: 
	1.8: 
	1.7: 
	1.6: 
	1.5: 
	1.4: 
	1.3: 
	1.2: 
	1.1: 
	1.0: 
	anm0: 
	0.400: 
	0.399: 
	0.398: 
	0.397: 
	0.396: 
	0.395: 
	0.394: 
	0.393: 
	0.392: 
	0.391: 
	0.390: 
	0.389: 
	0.388: 
	0.387: 
	0.386: 
	0.385: 
	0.384: 
	0.383: 
	0.382: 
	0.381: 
	0.380: 
	0.379: 
	0.378: 
	0.377: 
	0.376: 
	0.375: 
	0.374: 
	0.373: 
	0.372: 
	0.371: 
	0.370: 
	0.369: 
	0.368: 
	0.367: 
	0.366: 
	0.365: 
	0.364: 
	0.363: 
	0.362: 
	0.361: 
	0.360: 
	0.359: 
	0.358: 
	0.357: 
	0.356: 
	0.355: 
	0.354: 
	0.353: 
	0.352: 
	0.351: 
	0.350: 
	0.349: 
	0.348: 
	0.347: 
	0.346: 
	0.345: 
	0.344: 
	0.343: 
	0.342: 
	0.341: 
	0.340: 
	0.339: 
	0.338: 
	0.337: 
	0.336: 
	0.335: 
	0.334: 
	0.333: 
	0.332: 
	0.331: 
	0.330: 
	0.329: 
	0.328: 
	0.327: 
	0.326: 
	0.325: 
	0.324: 
	0.323: 
	0.322: 
	0.321: 
	0.320: 
	0.319: 
	0.318: 
	0.317: 
	0.316: 
	0.315: 
	0.314: 
	0.313: 
	0.312: 
	0.311: 
	0.310: 
	0.309: 
	0.308: 
	0.307: 
	0.306: 
	0.305: 
	0.304: 
	0.303: 
	0.302: 
	0.301: 
	0.300: 
	0.299: 
	0.298: 
	0.297: 
	0.296: 
	0.295: 
	0.294: 
	0.293: 
	0.292: 
	0.291: 
	0.290: 
	0.289: 
	0.288: 
	0.287: 
	0.286: 
	0.285: 
	0.284: 
	0.283: 
	0.282: 
	0.281: 
	0.280: 
	0.279: 
	0.278: 
	0.277: 
	0.276: 
	0.275: 
	0.274: 
	0.273: 
	0.272: 
	0.271: 
	0.270: 
	0.269: 
	0.268: 
	0.267: 
	0.266: 
	0.265: 
	0.264: 
	0.263: 
	0.262: 
	0.261: 
	0.260: 
	0.259: 
	0.258: 
	0.257: 
	0.256: 
	0.255: 
	0.254: 
	0.253: 
	0.252: 
	0.251: 
	0.250: 
	0.249: 
	0.248: 
	0.247: 
	0.246: 
	0.245: 
	0.244: 
	0.243: 
	0.242: 
	0.241: 
	0.240: 
	0.239: 
	0.238: 
	0.237: 
	0.236: 
	0.235: 
	0.234: 
	0.233: 
	0.232: 
	0.231: 
	0.230: 
	0.229: 
	0.228: 
	0.227: 
	0.226: 
	0.225: 
	0.224: 
	0.223: 
	0.222: 
	0.221: 
	0.220: 
	0.219: 
	0.218: 
	0.217: 
	0.216: 
	0.215: 
	0.214: 
	0.213: 
	0.212: 
	0.211: 
	0.210: 
	0.209: 
	0.208: 
	0.207: 
	0.206: 
	0.205: 
	0.204: 
	0.203: 
	0.202: 
	0.201: 
	0.200: 
	0.199: 
	0.198: 
	0.197: 
	0.196: 
	0.195: 
	0.194: 
	0.193: 
	0.192: 
	0.191: 
	0.190: 
	0.189: 
	0.188: 
	0.187: 
	0.186: 
	0.185: 
	0.184: 
	0.183: 
	0.182: 
	0.181: 
	0.180: 
	0.179: 
	0.178: 
	0.177: 
	0.176: 
	0.175: 
	0.174: 
	0.173: 
	0.172: 
	0.171: 
	0.170: 
	0.169: 
	0.168: 
	0.167: 
	0.166: 
	0.165: 
	0.164: 
	0.163: 
	0.162: 
	0.161: 
	0.160: 
	0.159: 
	0.158: 
	0.157: 
	0.156: 
	0.155: 
	0.154: 
	0.153: 
	0.152: 
	0.151: 
	0.150: 
	0.149: 
	0.148: 
	0.147: 
	0.146: 
	0.145: 
	0.144: 
	0.143: 
	0.142: 
	0.141: 
	0.140: 
	0.139: 
	0.138: 
	0.137: 
	0.136: 
	0.135: 
	0.134: 
	0.133: 
	0.132: 
	0.131: 
	0.130: 
	0.129: 
	0.128: 
	0.127: 
	0.126: 
	0.125: 
	0.124: 
	0.123: 
	0.122: 
	0.121: 
	0.120: 
	0.119: 
	0.118: 
	0.117: 
	0.116: 
	0.115: 
	0.114: 
	0.113: 
	0.112: 
	0.111: 
	0.110: 
	0.109: 
	0.108: 
	0.107: 
	0.106: 
	0.105: 
	0.104: 
	0.103: 
	0.102: 
	0.101: 
	0.100: 
	0.99: 
	0.98: 
	0.97: 
	0.96: 
	0.95: 
	0.94: 
	0.93: 
	0.92: 
	0.91: 
	0.90: 
	0.89: 
	0.88: 
	0.87: 
	0.86: 
	0.85: 
	0.84: 
	0.83: 
	0.82: 
	0.81: 
	0.80: 
	0.79: 
	0.78: 
	0.77: 
	0.76: 
	0.75: 
	0.74: 
	0.73: 
	0.72: 
	0.71: 
	0.70: 
	0.69: 
	0.68: 
	0.67: 
	0.66: 
	0.65: 
	0.64: 
	0.63: 
	0.62: 
	0.61: 
	0.60: 
	0.59: 
	0.58: 
	0.57: 
	0.56: 
	0.55: 
	0.54: 
	0.53: 
	0.52: 
	0.51: 
	0.50: 
	0.49: 
	0.48: 
	0.47: 
	0.46: 
	0.45: 
	0.44: 
	0.43: 
	0.42: 
	0.41: 
	0.40: 
	0.39: 
	0.38: 
	0.37: 
	0.36: 
	0.35: 
	0.34: 
	0.33: 
	0.32: 
	0.31: 
	0.30: 
	0.29: 
	0.28: 
	0.27: 
	0.26: 
	0.25: 
	0.24: 
	0.23: 
	0.22: 
	0.21: 
	0.20: 
	0.19: 
	0.18: 
	0.17: 
	0.16: 
	0.15: 
	0.14: 
	0.13: 
	0.12: 
	0.11: 
	0.10: 
	0.9: 
	0.8: 
	0.7: 
	0.6: 
	0.5: 
	0.4: 
	0.3: 
	0.2: 
	0.1: 
	0.0: 


