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Spray Droplets Size Distribution and Refractive Index
Measurement Based on Rainbow Principle

Pan Qi

(College of Information & Control , Nanjing University of Information Science & Technology ,
Nangjing, Jiangsu 210044, China)

Abstract The measurement of spray droplets size distribution and refractive index rainbow principle is studied. A
novel inverse algorithm is presented, which can inverse droplets size distribution and refractive index simultaneously.
The new algorithm, based on regularized non-negative least squares method (NNLS) and regularization method,
which adjusts the refractive index and size distribution range during the inverse process according to the main rainbow
peak positon and ratio of ridge and peak rainbow intensity, can inverse both droplets size distribution and refractive
index simultaneously without pre-knowledge of droplets diameter distribution function and range. The algorithm and
also can avoid mutli-sulution problems. Simulation results shows that even the signal noise ratio (SNR) drops to 5 dB,
the inverse results of droplets size distribution coincide with the supposed distribution in most situations. The method
has a relatively good precision and reliability.

Key words measurement; rainbow; inverse; size distribution; refractive index

OCIS codes 290.3200; 290.5820; 290.5850

T S S R W T OO 1 B R

TIURE A RS I 2 15 AR S — Bl 6 B D 22 T vk
AT S AR ] A 0 gk AU A (— 8 Sy W8 5 T D AR AR
i AT S R B DR R 1 il A AE R R AR
ST BRI S H R 25 1 R A B AR R A
TEA Tt B DR A AR, 15 e 4 R 73 1 o UKL
R UL A S 8 A 325 o TR AR AL A2 1) 0 A7 3 [ oA
BB R SR B0 A5 UL - i B 1 BORE A R T A 52 B 10
I £ Jry BR A TR 220 5 R K B 0 S B AR AR
T 2 U 1) D' 5 0 A1 A R AT BCTER » i 114 22 {EL VK 1R) LG

i B HA: 2012-06-10; Y EIMEM TR HHER: 2012-07-16
EE&TH: HXARBEIA 61172029 FF B i,

IO 3 £ ] L, AR Sl 2 43 A UKL R RS AL Y A2
PERLHE 3 T MR R I S RO 05 R R R
TEBARAR W LE A PR TR XA 3 — 3 5 3 00 JORE R
WL PR 3 55 3 MURE AR 73 A BEA T G 5B 30 1 B 1 S i

2 ORI R ML 5 1) BOCA A Y I gy A
T
-7 54 W SR B B 2 22 R ]
H 25 YIS BT 25 592 6 000300 B DX 04 S0 B 2 L

EERB N | HA980—) , Lo 4 P Im , 33 M FOBEU IR 7 | A WY . E-mail: gqpan@nuist. edu. cn

s208006-1



el ] b b/
BIGER A A 1.0
. 0.8
1) = D> I »m.0) f(d)Ad., (O ~ 08l
d_ E
i -
S o+ 53 009 SR T 010 5 /D B R 25 B
NN s . g 02}
S BAAN TR B R G 5 5 S TR0 T 5 R 50 g O g o
FARE 5 f R JURE R AR 1) UL BOHE 2R 43 A o /T 0 i a ook
DX P A SR AR BB N A B A I kL A R _014/ S
Wk ey 422 18] B R ek ) A 136 137 138 139 140 141 142 143 144 145
Scattering angle /(°)

dmux
N= >N = dEf(d;)Ad, (2)

KA Ad = (dy — doin) /K K O BURLIERLAR 19 70 2
BN A BORLEE T RLAR  d B ORLEH ARG Mie
B BAT AN [ KL A% 70 2 5000 UKL AR R WL O 58 7 A
PEFT R A E URLE SR 40 R0 AR 23 A1 ik B XS
BOEZS A, P #PRiAE 0 145 pm, 7 BUR BN 0. 7,
ZERINEN 1 PR . O TR b IX g it 2 =it £k
Oy BIAESRE EREAT TR AL B ANIET 1T AT, AN [
(19 73 & 802l SR RS ML 5 JBE A i 2 1 R A /D
gy IO X AU R B AR UL Ripple 4544, van
Beeck 41 78 43 Bt UKL BE R AL I A Ry A 5] J50RE 119
Ripple 4514 2 fEAH B2 i e o 240 . A SC
AL H1 T Ripple 25 44 30 JURLRL A2 19 Bl 42 5208 1§
R A M B T R A T O B o7 R R 2 K B 2 Bl
& RLAR 2 2RO A T AL AL L T I S BE 52 4 T BR
T 52 B 0 S 2o A JORE A BB AR 20 SRR R i
A LR DLBSEE (LA 23 SR B0 ORI R ML £ 47 2 5
S T K 2 1 B — 8 TGO TURI A 5 2 AT AE — E 7
JE B RE T 2RO AR E

—
S

() —— lognormal distribution
- - - RRSB distribution
—— ultrasound distribution

)
Soot
~ 00 ©

0.6

Intensity (a.u.
cocoo
oW R O

I
—

O L L 1 L L I L
136 136 138 139 140 141 142 143 144 145
Scattering angle /(°)

3 0.7}

Intensity (a.

BT ORIRPRLAR 4 SR 50T HY R I D 58 43 A
(m=1.33, 2=0. 5145 um)

Fig. 1 Global rainbow patterns with different class

numbers (m=1. 33, 2=0. 5145 pm)
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Fig. 2 Global rainbow patterns. (a) Global rainbow patterns under different distribution functions with the same mean

diameter (D;, = 218 pm, m = 1. 33, A= 0.5145 ym); (b) global rainbow patterns under different dispersion

coefficients with the same mean diameter (D;; =306 pm, log-normal distribution, m=1. 33, A=0. 5145 pm)
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Fig. 3 Size inversion result under different dispersion coefficients.

(a) Log-normal distribution, dispersion coefficient is

0.1, average diameter is 200 pm; (b) log-normal distribution, dispersion coefficient is 0. 1, average diameter is

300 pm; (c¢) RRSB distribution, dispersion coefficient is 9, average diameter is 300 pm; (d) ultrasonic distribution,

average diameter is 300 pm; (e) log-normal distribution, average diameter is 300 pm, dispersion coefficient is 0. 33

() log-normal distribution, average diameter is 300 pm, dispersion coefficient is 0. 5
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