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Fig. 1. The flow visualization results of supersonic shear
layers obtained by NPLS: (a) Supersonic mixing layer;

(b) supersonic boundary layer.
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Fig. 2. The density field distribution of supersonic flow field

surrounding the optical dome obtained by DES.
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Fig. 3. Beam paths obtained by CA and NSRE in mixing layer.
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Fig. 4. The OPD results calculated by CA and NSRE:
(a) Supersonic mixing layer; (b) supersonic boundary layer;
(c) supersonic flow field surrounding the optical dome.
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Table 1. The program running time of CA and
NSRE in mixing layer.

Tk t/s t/s ts/s ty/s t5/s to/s
CA 2.032 2.041 2.157 2.085 2.077 2.078
NSRE 8463 8.470 8.522 8.491 &.511 8.491

# 2 CA 5 NSRE Rk MARZ WG N T
AT

Table 2. The program running time of CA and
NSRE in boundary layer.

DiRis t/s ty/s ts/s ty/s ts/s t./s
CA 1.966 2.002 1.983 1.964 1972 1.977
NSRE 7.241 7.250 7.143 7.250 7.219 7.220

% 3 CA 5 NSRE BikiH8 m A i 7 2
JF A TR ]

Table 3. The program running time of CA and
NSRE in supersonic flow field surrounding the optic-

al dome.
Tk b/s ks Bfs ufs bfs /s
CA 2.831 2.884 2.827 2.873 2.840 2.851
NSRE 11.375 11.525 11.401 11.380 11.397 11.416

5 # %

AR SCHFGE I T CA G485 5 3k
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RO AR R, CA LB B IEX T 4
YR st BEE I, X B EEES S5
B RRR A TR &

TR [ B R R 2 28 KB a2 B S A Nz | b il =
IS S K DRI BT NPLS 5286 5 KR
Y CFD iS5 07 il sc i 50 .

S 30k

[1] Gordeyev S, Jumper E 2010 Prog. Aerosp. Sci. 46 8
[2] Xie WK, Liu J S, Fei J L, Zhou Q, Xia H, Chen X, Zhang P,
Peng Y M, Yu T 2019 Acta Phys. Sin. 68 094202 (in Chinese)
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Cellular automata ray tracing in two-dimensional
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Abstract

For the supersonic flow field with large density fluctuation produced by the unsteady flow and turbulent
large-scale structures, an effective method to obtain the beam path is to solve the ray equation. Then the
optical path difference (OPD), Strehl ratio (SR), optical transmission function (OTF), etc. can be obtained to
analyze the optical distortion, and the correction of aero optics effects can be realized to improve the optical
system performance. Generally, when the refractive index distribution is arbitrary, the ray equation analytic
solution is difficult to obtain.

Cellular automata (CA) ray tracing algorithm is proposed in this paper for aero-optical calculation in the
2D discrete flow fields. Unlike numerically solving the ray equation (NSRE), the coordinate value and the offset
angle are calculated according to the position and direction transformation rules in CA algorithm. The position
transformation rule is used to obtain the end point of the beam vector and determine whether the offset angle
needs calculating at each iteration, the direction transformation rule is to calculate the offset angles. Then the
refractive index field is integrated along the beam path to obtain the optical path length (OPL). The OPD is
calculated from OPL. In this paper, aero-optical calculation is based on two types of flow fields. The supersonic
shear layer including supersonic mixing layer and boundary layer 2D density distribution is measured by the
nano-tracer-based planar laser scattering (NPLS) technique. The supersonic flow field surrounding the optical
dome is simulated based on detached-eddy simulation (DES).

The OPD,,, and program running time quantitatively verify the calculation accuracy and high efficiency of
CA. The results show that for the 2D supersonic NPLS flow field and the 2D supersonic flow field surrounding
the optical dome, the calculation accuracy of CA is approximately equal to NSRE. Moreover, we find that the
program running time of NSRE is about four times that of the CA algorithm, so the efficiency of ray tracing is
effectively improved. Thus, the CA algorithm provides a new scheme for aero-optical calculation in the 2D
supersonic flow field. Meanwhile, it also provides a guideline for the research on the ray tracing in 3D discrete

aero-optical flow field.

Keywords: aero optics, cellular automata, ray tracing, optical path difference
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