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Measurement of particle size of water mist generated by rocket launch
using a two-wavelength multi-static lidar
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Abstract: A multi-static lidar was developed for measuring particle size of water mist generated during rocket
launch. Water mist in the order of micrometer is thought to be effective for reducing the acoustic noise down to the
level harmless to rocket instruments, however its contribution or efficiency is unknown since its in-situ droplet size
has not been measured. The lidar consists of a two-wavelength laser transmitter and three pairs of receivers set at
scattering angles at 180, 178 and 177 degrees. The size parameter of water mist was determined from the scattered
signals at 1064 nm and 532 nm at 178 and 177 degree scattering angles. The method was tested with commercial
water mist generator nozzles and applied to the measurement at the Tanegashima Space Center, H-11A/B rocket

launch site.
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Fig. 1. Block diagram of the multi-static lidar.
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Fig. 2. A method for determining mode

radius in a scatter plot of the wavelength

ratios at 178 and 177 scattering angles.
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Fig. 3. Scatter plot of the wavelength ratios at 178
and 176 scattering angles for the water mist
generated with the nozzles. Blue and green
indicate the data for the 7-9 um mist generator
nozzle, and red and orange indicate those for the
20-30 um nozzle.
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Fig. 6. Time-range indications of signal
intensity at 532 nm at 180 deg. scattering
angle, depolarization ratio of 532 nm at 180
deg., the ratio of the intensities at 1064 nm to
532 nm at 177 deg., and the ratio of the
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AA VUKD AR BZNSEER Ty
k77— A & (SRB) > & O ff Y i 18 FE 0D K &
NEBH SN, KTHELLKI A NIEH SN
HDTND., AP rmkmnd SRB Ak E
TEABRRLNZ2 VD, BB THhbNd K5I
ZOREEMTFERz Y UEROT AT ey b
HFIRERTONTFEBEICHRENDLATZDTHS. I X
k%G eI 10 BRI OMIZ 100 mBET 4 &
NZIENR > TETWD T ERnbn5. Hilik L O
KIAPMNCELDTA X EZOHWEITIEFICKE
<, Klett HEI2 X 0 R 72t $ix, Bike 7
b OWEE TR K 200 /km FEE, K I A R THRAK
150 /km F2EE Th o 7=, ZHITEEOKEIC A
THHFIIRERETH 5.

ASBIOEBRTHESNTZ4DODRT A —=ENnb,

WOEL A 180 BT I 1T D% FHGELTREE & 180 E D 1R
YfRMEEOBAKE v v b L (Fig. 7).
B2 TIX 532 nm OEELA 177 E L 180 ED %,
MAETITI7TTEICBT2EERED T —XF— 1
THRRLE. E-mMAOMBI, HIEMEES X
KT o~DMERELZHEGFE KT 52 LI
KXoTHMLEE®N 2R FOoEMER R L,
B IS IR A & Oxf s Z s L TWna. K
IANOHEBABIZIEFICRKE S, BHEOHM L
MR T E RV, EEMIZIEI A NBIEN DI
Peo TRIEMRE L 720, Feb AN o 72 IRRE THE
BERBERICIR > T2, S A M HEET 20106
STRENNELL ZoTWDHEICRZD. 71
Ty ANEFEMICAD E, A NOSAIO F KL
BRRENVWEIRBERMBAEONS. 2L, N
DRENEHSAMMTEENEALTHDE LD LE
ZAbhd.

088 125

0.0 02 04 06 08 10
P532(177)/P532(180)

SRB exhaust

o

depolarization ratio (180deg.)

0.29 % /_l Water mist (D>24 um) |
| o
£\ [ water mist (D<24 um) |

/ | Water mist (D<24 um) |

5 HhYIC

YNTAET AT TAXLIZEYDAKIA D
RIRRFHHINAIBECH D Z & 2 MAE L, HGICB T
LZTHERCTORIRMEEZS. ZOFEORM
BE OO E DX, WE T A —XOEIZ)S LTk
ETEXDRBNRTA—ENRRBOEND -0, EHTIZ
BOWTHENRRBESABEKERET D HLEN
HbHLETHD. T, A X TRALNDDIL
DS 20 m BREOL T, N EH 5 2 &n
TX720. KIAMBREOKHEADZODIZIE, K
A NDOERL, Bk, KE, HROETTAVNLE
Thd. 5%, sHHl-fT FIE, FAIHFEEBICS
I 2D DB TH D.

#

FHSEBRIC W D Wi 72 e = 2 H TR
DA DOERR, JAXA BTl 7 — DR,
BHmEFICB IR AWV aAR TAREEKRIC
DGR LTHELBL ETET.

& Xk

1) Deirmendjian (1969): Electromagnetic Radiation
Scattering by Spherical Polydispersed Particles
(Elsevier, New York).

2) Sugimoto, N., I. Matsui and A. Shimizu (2001):
Measurement of Water Cloud Particle Size with a
Dual-Polarization Pulsed Bistatic Lidar, Optical
Review Vol. 8, No. 6, 476-479.

Fig. 7. Scatter plot of the
depolarization ratio and the
backscattering intensity at 532
nm. The ratio of intensities of
177 deg. to 180 deg. is
indicated in color scale in the
left panel, and the ratio of 1064
nm to 532 nm at 177 deg. is
indicated in the right panel.
Time-range plots are also
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