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Abstract

Computational Fluid Dynamics(CFD) is a branch of fluid mechanics that solves partial
differential equations which represent fluid flows by a set of algebraic equations using
computers. Even though it requires multifarious variables, only selected ones are stored because
of the lack of storage capacity. It causes the requirement of secondary variable calculations at
analyzing time. In this paper, we suggest an efficient method to estimate optimal calculation
paths for secondary variables. First, we suggest a converting technique from a dependency graph
to a ordinary directed graph. We also suggest a technique to find the shortest path from any
initial variables to target variables. We applied our method to a tool for data analysis and
visualization to evaluate the efficiency of the proposed method.
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o] e < > FTE o] §3l|A ®7]g) Pressure(p) R&git 22 Mg $4 2920 a2 GV, B)
9} density(p), temperature( 7)2] 74-5-9} +o] 54 A @ & o, A {y vIEE, (u vEV)E F& TAA
FE2 AT FTE5AAd AS F UHp=pRT, A F AL ustvs A4z A {y, viE A v7t
p=RT/p, R ideal gas constant). ulll & ot guolal, T Aol A u=H

Velocity magnitude(| V)4 temperature®} o] t} H v Weko gl shagrsF 2R

O

Fet RPEY FEBAR HFER EAEkEY,
velocity magnitude®] 7% velocity vector( V)=
Axte] 7Fsstgl F Ao, Mach number(Mach )<}
speed of sound(a)® FE]&= AAte] 7}s3ch

< V>—l|V|, < Mach,a> —|V| (2)
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aefzoltt, aEZ A A (vertex) S W, AAS
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H 1, MMRAHsH He ZF 2AA (R : Ideal Gas H 2, 7|12 ¢ibte] AN HIE FHX|
C,:
Constant, v : ratio of specific heats, e AT OIS i
constant volume specific heats, Cp - 1
constant pressure specific heats, pu. multiplication 4
free stream eddy viscosity, 7., : free division 10
t t t ’ d . inner product 15 3 mult, 3 +/-
S,ream emperature, H ynamic cross product 42 9 mult, 6 +/—
viscosity, Pr : Prandtl number) gradient 15 9 mult, 9 +/—
- - i t
Variable Name Relation S, €08 1an co
asin, acos, atan 80
p  |pressure pRT pow 100
p density p/RT sqrt 100 5%(1 div, 2 mult, 2 +/-)
T temperature p/pR or aQ/’yR tensor magnitude |146 1 sart, 10 mult, 8 +/-
- ) 4 sart, 1 acos, 3 cos, 9
%4 velocity vector ]Lf/p eigen value 864 div, 25 mult, 14 +/—
M |momentum vector pV
[V1  |velocity magnitude |/ V2 + V74 V2 - A EA Jagmol Wi
: X S J2fo) Her
a  |speed of sound VART 1. 2 B 34 hzel &
Mach |Mach number [M/a 22k g T4 I ZoAMe] Hd AR FAE dut
VvV V  |velocity gradient vV x_.l]?l ‘(I'Dl’so}: j_T—J/H:\J_—:Oﬂ/HSq _73]% 73; —,D_v_‘xﬂi %1?—5}7] o
div V' |velocity divergence |V - V S 03 W Te LU G-V B)RSE 2w
z =s=a= AL =
FE internal energy T fl, Uy T8 2= G ) 5 7} M)
h enthalpy C,T+p/p or C,T HpEo] BE & ZAES AHO R 3= 2L
Py |total pressure p+VIE/2 QN =V, )& A &, [2E 2(A)]8F 2] a
T, |total temperature T+|VFE/2C, 2}= W57 b} co] Aol E& Ao, WS g9} I
H, |total enthalpy h+IVE/2 b, o] AL Wwel AA (b, )R A3t V7ol A5}
2 _
£ __fital eneray GTH V]2 : T, 7 AEE A A2E (0, 0, E Bl #7}
1. +110.4 5 =
1 dynamic viscosity 1 “’7) T2 s 17 2(B)]
< 7+1104 \ 7., I o [
ol (b,c) — a & V&= ALt WSS [ 117
K heat conductivity pCp/ Pr B ) _
LT [ 3Jol4) 3o} alg 7he) A5z W ek ol
Q. i |t = . .
ij |rotation rate tensor |- ( ox, o, ) £o] W4 p(pressure)= 7 (temperature) 2} p(density)
oV, oV, - o]zl F&A1, olH e B9 pE Ats] A
¢ |vorticity vector A= uxV
oy O%; At wg 125 4 (T p),prell sk Aoltk
[2]  |vorticity magnitude \/QQ,I]/Q”_EJ olglat AW @ 7hA =7} Qe 7t 24 2o &
1 oV, 0 f== = 5 o) 4
Si;  |strain rate tensor 5(? %’) & 245 YeiAE AAH R Fes|ofor ). G
: 2 7 7} 27 otk A = WAL
|S|  |strain rate magnitude \/ZSlT of AH (b, o7 7T A (b, 0F 3]
Q criterion 127 — ISP AT e 5 27109 3t Db, 09 daEe] A
. second largest eigenvalue 28 AHO R F7} Hojof al= Aot} & Vol Al
Ay A, criterion £S5+ 0,02,
ij~jk = = =] =
F71E = BE AH voll dsl, ue D(v) Sl BE u
e = A F7 33 0ol 33, us Do)
2, |streamwise vorticity | H/| V| 7} V7ol F7kE ook star, o] & ]l A 7Hed BE
Vp |pressure gradient Vp ZHA (v, w7t Eoll 715 ofof 3tk Al EA A S =
VT |temperature gradient |V 7T 7@@9] %_é'\_ =7 @%]_% 3H% Xg@% ?_/\gg}__\‘:_ ﬂ—ﬂ:‘—é‘
Vp |density gradient Vp o] i 1 Qo] s o . o =
; Z£4 27 ATHE 2l 2] 5] X =z =
v 2p |numerical Schliieren |V ?p 4 d9rae] wygem 7dn oS 5
o] D(b) = {<d>, <e, f>}°]1L, Do) = {<g>, <h>}2H,



E 3. 2 #a AMAel At Hig 23
B AdH|E 7|2 gt
p 12 3 mult
P 18 2 mult, 1 div
7 18 2 mult, 1 div
22 3 mult, 1 div
4 10 1 div
M 10 1 div
[V 115 1 sart, 3 mult, 3 +/-
a 108 1 sart, 2 mult
Mach 10 1 div
vV 45 1 gradient
div V 60 1 gradient, 1 inner product
E 4 1 mult
h 15 1 mult, 1 div, 1 +/-
4 1 mult
Po 13 3 mult, 1 +/-
T 13 3 mult, 1 +/-
H, 9 2 mult, 1 +/-
£ 13 3 mult, 1 +/—-
o 126 1 pow, 1 mult, 2 div, 2 +/—
K 14 1 mult, 1 div
2, 45 |9 mult, 9 +/-
¢ 9 9 +/-
i 87 1 grad, 1 cross product
12| 146 1 tensor magnitude
115 1 sqrt, 3 mult, 3 +/—
S 45 9 mult, 9 +/-
15| 146 1 tensor magnitude
Q 9 2 mult, 1 +/-
A 954 1 eigen value, 18 mult, 18 +/-
H 15 1 inner product
2y 10 1 div
Vp 45 1 gradient
vT 45 1 gradient
Vp 45 1 gradient
v 90 2 gradient

Q—V
for each vin Q do

if v V' do
G'InsertVertex(v)
Q—vu

if (u W € E' do

G=(V, B) : Directed multigraph
G=(V, E) : Directed graph
Q : List of vertices to process

for each condition in D(v) do
u = CreateVertex(condition)

G'InsertEdge(u, v)

Db, ¢) ={<d g>, <d, h>, <e, f. g, <e, . >}o]t}.
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Variable Name : helieity |

Blade Field

Helicity

Helicity (varticity, velocity )
Helicity2(velocity gradient, velocity)
Helicity3(velocity)
Calculate Delete
(@ (b
O3 5. GLOVE 7|3t =7ole] HE
V.ZE o, ol& Sl ARbge w3 At %A &2 A
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