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High-quality Volume Rendering of Unstructured-grid
Cell-centered Data of Flow Fields Based on Upwind FVYM
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(1. College of Computer, National Univ. of Defense Technology, Changsha 410073, China;
2. College of Aerospace and Material Engineering, National Univ. of Defense Technology, Changsha 410073, China)

Abstract: In the field of computational fluid dynamics, the upwind finite volume method (FVM) is widely applied to solve the
complicated flows with unstructured grids as the volumetric representation. It produces unstructured-grid cell-centered data at the center
of each cell( control volume)with the flow discontinuity constraint on the inner-face between face-adjacencies. For visualization, existing
reconstruction approaches violate the discontinuity constraint. As a result, the image has low quality due to the lost information of the
discontinuity. This research presented a method to reconstruct the discontinuous states at a sample based on the dual control volumes on
the framework of multi-pass raycasting. It guarantees that the field on the inner-face is discontinuous between face-adjacencies, which is
in accord with the solution of the numerical computation. We also designed a synthesizer for the discontinuous segments based on the
reconstruction above, so that the discontinuity information can be transferred to rendering data. The experiments demonstrate that our
approach can obviously improve the image quality and clearly visualize the features in the flows.
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Fig.1 Data formats of unstructured-grid fields
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Fig.3  Cell-vertexed data based linear gradient reconstruction
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Fig.5  Algorithm overview (one pass)

3 ETXEHIER R 7 E B S E

AR S BOTHSRASTHE, W R i
FIALE, RISRAERALE . S, 72 HEORAE A IR W 25

R JE B BRSO I A S A A (4.1
) o R BAOA SR S T 1 i A A% AR A 5K
W (4279 R 28I T AN LM EMLS
R AMER B, ZE A ST H AN, B0 14



%2

T B AR T KA SRR BRL R R AL RS T i Do Rl o B AR R D - 153 -

REA 1 71~ BRC(EL AR v 2 25 1) i 1) DB ™45 8, fof B Ay
SRS R E TR EE R
3.1 EESEMEREE

XA FVM A H - SR HE T AP B R 2 A
SRR B M T 7 A TR IR o ) DRI S A Sy i
il 368 3 A 4 il R o L, A e i L4 Bz e
F14 T 308 e, S JXUTR FVML SR R 35 110 o e 2
W IR A S I AR A F AL AR Tk O B30 v o i
PR R SRR,y TARSS AL AL RS AR S
SRR G 5 BT 5C AL RAE , TRt , Ry
HAL A R L R W, ORAF R IR {5 UL, AR S0
S FARSB BT GRAE A o™ M A5 B0 ) O
HAY SR R S AT

mEl 6, e AE TSR 5 80T ¢, (A5
JC) I C, (HEIT) HHAE, HAk a3l ¢, e, , S
SRR ERRAE R, A Q Ry HL A
AR R ITOE Qo FIEAITHE L v QT
FSRAES S A, 7= A 2748 GEAE Q) s A
FATTHLCME Q, FIERTTHEIE v O, FARAL A S Ab
M, P EAS GOTE 05) o BIYFELETERTT
WL, RAE AL S AL 0 22 35 A 25T
WAL

Qs=0Qu+ 9 Qu*(ry—ry) (4)
ng Qo+ V Qs (rs—rg)

Hrb g e Flrg 4302 22 5 BROTAR O 7 B IR
FERNLE . FMZEREY: 05~ 05,10 Qs Q5
(W2 2) o I b BUEZE il (A A 4R H2 0 E i A 1E
AT EEE T R R A 6, F8 00 S 1 X
B FVM ) E] AR, BERS AR TS S5 BT B — 2K
AORFE MR SONENIE B TR A B
HEATRAE S U, 7 ST 22 1) 25 2R RE 0 T 0 o
B S5 Bt 37 A AR AR E , 5 B P P A ) 4%
SITEUE TSR

Bl 6 SR A s A S B

Fig.6  Principle of the discontinuous states reconstruction
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Fig.7  Principle of cell-gradient computation
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Tab.1 Cell-gradient results of the two methods
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Tab.2 Reconstruction results of the two methods
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