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Abstract

This study proposes a comprehensive method combining geometric optics theory and experimental
measurements for analyzing rainbow scattering patterns to characterize droplets. Firstly, the
geometric optical approximation method is used to calculate the rainbow angle of the droplet by
tracking the trajectories of different order rays inside the droplet, and Airy’s theory elucidates the
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interference mechanism of rainbow fringes. Designed an experimental system to capture rainbow
scattering patterns of liquid droplets. The collected images are filtered and normalized to extract
the angles of the first and second valleys, in order to invert the droplet size and refractive index.
The experimental results show that the deviation between the measured value of the first-order
rainbow angle and the theoretical prediction is less than 0.25%, which verifies the reliability of the
optical inversion model in measuring the parameters of spherical droplets. However, research has
also found that existing models have limitations in their applicability: when the droplet ellipsoid
degree exceeds 0.66, the particle size inversion error significantly increases to 3.5%; When the
ellipticity is less than 0.5, the refractive index error is less than 0.0004%.
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Figurel. Schematic diagram of geometric optics approximation
B 1. JUmeFiErERE
2.2. Airy TEig

M

@)

3)

4)

(6))

Airy [6]HVR X R X IO BT 95 5 73 A 4t 17 S ) R A3 AU S5 592, (BB BRI A0RE 1 0 £«

DOI: 10.12677/app.2025.154016 157

IAREE7/EL


https://doi.org/10.12677/app.2025.154016

AR

I=¢ [81/16772h4]]/6 xsin(6’

irg

) F*(2)/ cos0,,j=1,2 (8)

Horp AR j =1 FoREERAL &, =2 RO T 8P R AT B, F ()09 Airy B, ik

NS
F(z)= j:cos[ﬁ(zt—t3 )/2}1: 9)
FEAPRISE 2 E X

z=<—q>(£j/3 o (0-6,) (10)
hﬂ_z g
2 V(2 2\/2

(0 ) "

pz(mz—l)
a=2ral A (12)

5 Airy BRI R Ai ()0

Ai(x) =%J':cos(xv+v3 /3)dv (13)

B aRE-10RNQ-13)H, AT LA 3]

12 pz(m2_1)3/2 : 23
e % o (0-6,) (14)

= (p 1) (7

RYE Airy B, BTPIANIEAE HILTE Z = 1.0874 Al Z, = 3.4668 Ab. XF B FULE:

o p2 (m2 _1)3/2 1/3
z {— ] a*(0,-6,)

s

2( 2 1)3/2 13 (15)
2 p(m-
|
H1(2-15) I LA AT A 3«
grg _01
9 —a =z/z,=C (16)
rg 2
B EAAS
_co,-4,
0, =~ (17)
FI DA B R ALA (p = 3) SRR 4T R m ok R A5
2 2
0, =6sin” 92;m"2’ ~2sin”! 9_8’" (18)

HH(2-15)i8 W] AFS 2]

DOI: 10.12677/app.2025.154016 158 I EEY/BEH


https://doi.org/10.12677/app.2025.154016

ARAAAS

1/3
@—4L— ZYJ o’ (6,-6,) (19)

LS NEE R
s N[, 2
a3 = %24 ”_z(p _1) (p —m) (20)
(91_92) 12 pz(mz_l)B/z
BRQ-12)AN LR @200, XA p=3, 1GRFET PrREL A SR AR 1) T 5 A 3K
s IR
- 9-
a= 24 [ e ] ( " )3/2 (21)
33 (6’1_‘92) (mz—l)

3. WAL
3.1. XBFEEBE

TFEEEMR T LR EEAEE: SABEOEE). HERIFMNQ). BEERAG). SIS CCD (5).

2 R T —AHF RN EF G 71 A . EAE06E(O)RSEOL, @y R Q) i fE#E
B BIFAXQ)IIEE: = & P R P b, BUl R ILE SR, £ @5 @it 218k #s cep (5) L,
B B R LR (6) BB e Ui b, RIS RUG T Ao [RIBIE S Sk (7) 40 TR — B 2 R S B A

LA AT
HREL) b KR £ 441(6)
#6i(4)
[]
) W3 (1)
B BRI

Figure 2. Rainbow particle size measurement platform
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Figure 3. (a) Original image 1; (b) Processed image 1
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Figure 5. (a) Original image 2; (b) Processed image 2
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Figure 7. (a) Original image 3; (b) Processed image 3
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