KEBRBEERTE F 124 B 3%, pp. 561~565, 1988.

<G

30

AR AL BA 2 A =2 A

=
TR

AM* L Al =
(=3 [ B4 =1

561

gAY FAH AAAA

3 %
Fis

(19873 129 269 A+)

The Numerical Grid Generation Using the Nearly Orthogonal
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Abstract

In the present study, a new method of generating a nearly orthogonal boundary-fitted coordi-
nate systems with automatic grid spacing control is introduced. Applications of the method to a
two dimensional simply-connected region is then demonstrated. The nearly orthogonal boundary-
fitted method has the following features, (a) Strong grid control in the #-direction can be made,
(b) The generated boundary-fitted coordinates are nearly orthoronal, {c) Both the &-and »-
direction control function are mathematically derived. Especially the »-direction control function
is derived under the assumption that the #-direction grid spacing is by far smaller than the
&-direction grid spacing when the z-direction grid line is strongly clustered. (d) The grid control
functions are dynamically adjusted by the metric scale factors imposed on the boundary. The
control function is fully automatic and elliminates the need of user manipulation of the control

function.
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A Study on the Simultaneous Measurement of Spray-Droplet Size
and Velocity by LDV

Heung Baek Lee and Sang Heun Oh

Key Words : Spray Cloud (#:8#), Doppler Shift Frequency (. &2 %4k FiE8), Fringe
Spacing (F#%-5+ [M), Number Density (gt% ), Visibility (RJiRE)

Abstract

A study is described for obtaining real time in situ size and velocity measurements of the spray
-droplet using crossed-beam interferometry. The optical arrangement is similar to dual-beam
laser Doppler velocimetry(LDV). Droplets passing trough the probe volume scatter light to the
collecting lens placed at 90° off-axis angle. The dual-beam light scatter is analyzed by the
geometric optics theory to relate the scattered fringe pattern to droplet diameter. The droplet size
measurement is based upon the signal visibility. As the system is based on the Doppler effect, a
single component of velocity is extracted concurrent with the size information. The validity of the
method is evaluated by comparing its performance to widely accepted but limited technique, the
collection method. By using 90° off-axis scatter detection angle, the measurement of the droplet
size and velocity distributions, and the local correlations between droplet sizes and velocities in
relatively dense spray enviroments are made possible.
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Table 1 LDV system

Laser wave length 6328 A
Laser source 15mW
Beam diameter 1.0mm
Total angle of intersection 2.3
Probe volume :

—length 8.16mm
—1/e*waist diameter 0.20mm
—fringe spacing 15.8pm
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Table 2 Experimental conditions

£/min 9.7 9.7
¢/min  0.034  0.041

Flow rate of atomizing air
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Rotameter

Compressor Pressure regulator

)

oo’

Fig.5 Schematic diagram of flow system
7777727777777 27 A B
7 wl”
70000 A
atomizing air —» g%‘: 8
/ g // .
37

06 &b
L

42

Fig. 6 Twin-fluid atomizer

260pmylol A g Aba
Table 1& A& A%
o F8 A4E ebdc,
HERES 844717 98 AgaAA Ax=s
Fig. 50l Vet ow, Fig. 6 AA &g Hokift
17171 98ked AR =F9] FME -l o

ol

o Azolg,

ol 4 =2} §47

P

X

o

32 BBAE
gge oUs 37 FaE A & 2o
= 44z 2 fFza7dA Ystec

5 d

Table 2= Adz7L& vepich
of 443 dae We

248 Y3l dad THESZE EHAA 4H
<

3ol Fig. 73}
% AEY B

32 N

ol 9g Alsslel %
eAdzaagzd WAL taa sfjolug 2%
22 (floppy disk)ell AsE A3,

< il
o 2o R ARE FAd & 4 ddh
FES £EARE on] e FHTH 14
A5 A5 £F Fraie deov, 3
ARE AT BK BE Inast ool MHESIE
B/ GRE Imaxs SA S AL WRESE olv]
adngle kK f/No, 7HATHY A2 Y
B dEd,

(2) %4 ZA4 (collection method)"”

HolA =Ze F&A st FAL AH A
o ElES 257 g8 2AUE AR

ZAARE 2L (soot)oz ZEYH LA
(slide glass) 3} ®-& A7HEt A8l 7tsd A
(shutter) 2 FAsw A9 BHA A77AL
msecol 3, A WA AL 2mmelrt AW
of ZAH AHL E@KE oSt 23 Fui
A% pEBEAA Ad, & 200AE A
zAs19ch, 4% gHArE TR FETY
o Wity 2relme HIEYRE Lefstd FA3
o 2749 2EA4(0.86)% Tt AA A

Moy

bl
g
8

Intensity

Time
Imax- Imin

Visibility = i N
max + [min

Fig. 7  Visibility of doppler burst signal



LDVel 2ig mBiasgel =7 o &Eel R

7% P39

4. BBHER { R

Fig. 8& £ Ago4] o] &3 7’15%3'¥~91 I ERa
ol ghel (A4 0 100pm) Y7 Eoids WY
FETARAE it 34 T4t 1 ol

= (waist) =7l kAl o zHAF-H As
= Az BLeA 1342 Jehda 9l

Fig. 9 &AAA W B— EHRE I3
ul ol 22E =Fe ¥ AE (Doppler
burst) AlZ& vlebdch o] A& HAEE HHER
SFRHRA) S 1/e? dol22 AW 74 F-H
S #Elel 9 Ao@ & Mol AbHA Fol 13
ME FAHE Ag AHE 4 U

2 gl glofA

Aol wlel FAVG e
w9} TA3HA BIEREEY 1/e* So
“%LEJ_ AR 4o HHESIE x«ﬁﬁ:a}ﬂ ;3
A%)% #dg Fig. 87 Fig. 9o 3} <&
ol ® FIA Ao WRE
ojgt EFiA az|ly A =Fe Frld o
2rolA £eo Ao AgeE 4 4 Ut
Fig. 102 & $g=z71¢] 0.034¢/min. Lo
=2 90l HAEH Ase TWREEHN 4T
Hazle £E& e, Fig 10(@)+ =
ol A 100mm TFigel sEFHEH.Lol A, (b)-%
77+ 150mm, 200mm3}h-F2 TTT*‘M% 4
NA Lol Z7|HZE Hlth (a)ollAe FEEe
s 233 161~1654mH H 9 °374_=L710M vHe}

3.

ol B R 571

Fringe pattern

Doppler burst signal

vz, (b)et ()dAEe Z7 141~1452mH 9] of
136 ~140xm¥ $lol| A vhehta gle,

Fig. 11¢ &8 f%=x7e] 0.041¢/mind o
A 37182% Jehidd, Fig 11(a), (b), (©)+
7tz Fig. 10(a), (b), (c)oF HE=lE= A9 £
Zolth, Fig. 11(a)ellMe] #2x9 dHafie
146~150pme] A 27|04 vehta, (b ()
o A= Z7b 136~140xme] S|, 131~135¢me]
Welold el gl

A8 FHzANA =
e U R E M) ngﬂ B} 2L pEHme

E
=Y
~
3
g8 7
c
~
2
PRl
<
i 1 n I 1 1 1 J 10 1 1 i i
0 100 200 100 200 100 200
Droplet diameter ( um)

(a) 100mm axial station (b) 150mm axial station (¢) 200mm axial station

Fig. 18 Size distribution of droplets. fuel flow rate=0.034¢/min



572 of & .2 4 ¥

—~ 3r r

£

N

N

g8 2r 1 "

c

~

R

< 1t L i

<

<

1n_ril 1 I} 1 L”nl i 1 i 1 1 1 0. ]
0 100 200 100 200 100 200
Droplet diameter (um)

(a) 100mm axial station (b) 150mm axial station (c) 200mm axial station

Fig. 11 Size distribution of droplets. fuel flow rate=0.041¢/min

Fig. 105} Fig. 119 #2x 52 of 60umol4]
190um7tA) o FAAGE A 27| FEE el
A ar]ExelA 1 2
A2
Al EAsta, 2
a7 A7 et 19umol 4 190umA £ 747 of
7] el ol oluct 2 HHE nA =] Bkt

Fig. 12& #lo|d Fkeld HAZHe AT
MRESYH 248 dxarld d3 EEE: 3

=
Lo

A2
B

dst7l Azl A& FFxiel 0.0344/ming =,
224 A s 2L AAE AAE U
eldich, Fig. 12(a)+ =FAelA 100xms}HF9
\mEFLAA, (D)9 (o)v £& 150mm, 200mm
e EFEAold ZAT EEY Abzleld
oyst (09 AAEIHE =22 (a9 AAdAHE

100umolste] YR Sol wo| EAjshedl o ol
A4 A dEgel o SiHolH ot
Y A7 dEe] ARl AHFol HEY W 43
o stelge Waez

zHEse], LAY 7 A2 4= (a) oA 870 /mm?,
®yg (©ddME A2 47 /mm? 270 /mm?o] gl
o, zgla 7 Z2AAANA LDV JEfesms
chol A7 E-dsbe @il dg dolHE ol %
o] HEES $4¢ A5, 2&4dde2HH 100
mmalFoll A& 2x10470/cc, z2lz 150mm, 200
mm3}tfoll A+ 27 9x10° /ec, 5X10°7H /ccH =
ol At

Fig. 132 &lol#a] A Al A& " Asd 7
TEEZNY S5 A="zar e delgd o8 3t
SMD (Sauter Mean Diameter) 2} Z Z ol ¢ 3
ZAE WETY dolets 78 SMDEA x=ZA4
o g HEe Arjol ©E wWIE el ds
SekzA0] 0,034¢/mind w TR o3 =A
5 SMDs} ol FipRol 28l 3 SMDo}&
7%l 25 e

A8 frEkEAe IAle]l =FAT

o
WmHmer 742 SMD7l Z435E 7

a
o, dEFFe] T AL AL AFH
#4815 SMDE
3k
ol

{a) 100mm axial station (b) 150mm axial station (c¢) 200mm axial station
Fig. 12 Collected droplets



LDVol o3 wimmel 271 2 el

8o o 0.0341/min
& 0.041 I/min
ey (-]
g s .
; 150 |- o
= o 8
v o LDV s
e Collection method
A LDV
120 L 1 1 4 J
0 50 100 150 200 250
Distance from the nozzle tip (mm)
Fig. 13 Axial variation of SMD
9 ,
0 0.034 U/min.
- a 0.04) Vmin.
£ .
-9l
oy
‘o
L
[T
*sl :
4
=
3 1 N 1 . 3
0 50 100 150 200 250
Distance from the nozzle tiP (mm)
Fig. 14 Axial variation of mean velocity
ol Frhz A LagEel Fos] e A
o2 79
Fig. 14 Aty Asz 2y FAHA =3 &
fo Fwel oo 73 485 £58 HEFY
@ ATEEZA =ZADOEE S$FUR 9
ol @ WHE vepdch, A fFzdel A

glo] xZAwte g e 3FE Z24EF JP5=rt
7raste, A&-fEkol
Aol BAgle] HEFHFst
At

Fig. 15&

ri

Loy

2o
o

ool Az dAE ebdct, Fig 15(a
7o} 0.0344/min,
REE L RS S|

fo odn e
—_ 4 2

=

fe ab

k=

N
=

B

N
>
ol
2
2

0.041¢/min.
WOEEE
2 Aol A

o

2 (B ol 4
Lot §
i
13
rO
&
o,
oy
)
lo

by

=

Tl

ot fr o
Lojg 2o A
ROk e gy

£
A
o

—

Mean droplet velocity (m/s)

FElEFRIES HE HE

0 ] ] ]
50 100 150 200
Droplet diameter {(um)
(a) Fuel flow rate= 0.034 |/ min.
O Y=100mm

Mean droplet velocity (m/s)
(82
]

o

150 200

1
100
Droplet diameter (um)
(b) Fuel flow rate=0.041 [/min,

50

Fig. 15 Mean droplet velocity as a function of dro-
plet diameter

ALS-sle] MFEFRES 2719
Holl o|3lo] oAz
oo e AES g
(off-axis) gALFE & A&
3% u x»Z2HE 100mm
D10%ERE /co) ol M= =
4 A7
WMRES S5
. dbd 150mm, 200mm
B2 ZA(BURE | 103KRE/co) ol A& ofF
3 el A5E A2 4 ddch
LDVE Ag3le] ZEd Ase #WRES

=
=
K
“

.



574 o]

Farmerof <&, 7|s}33
1A 53kl AL A1A
FEA 2 e F
7%°lelglenz LDVej os;} LR RE
Zxo| {ERES o #lEsHY, 254 T34
o LDVol) o8 AHusok ke dejz A

slez wrh AdsiA AAEE Belar] AsiAe

VS NI .
o&L rﬁ

BOE BT Bl o8 BAe] 27,

(3) & A48% Y8 749 FANA AEHE
AFe Fejrl 222 BAEAS Feols] oL
AA 7ot L5 FAFAT 4 o] FFAA
arish £x9 A3 HAE ded Aol

ateba] 2 Aol TAR, #EA 900 @E
HAELE W v LDVel o3 &4

#e 279 4222, aelm Ad &
o AEAAL stotsr] g FHAEE KA o]
o,

2t

3

a2 =

(1) Chiu, H.H,, and Liu, T.H., 1977, “Group Combus-
tion of Liquid Droplets.”, Comb, Sci, Tech., Vol. 17,
pp. 127~142.

(2) Kim, H.Y., and Chiu, H.H., 1983, “Group Combus-
tion of Liquid Fuel Sprays”, AIAA-83-0150.

(3) Chigier, N.A., 1983, “Group Combustion Models
and Laser Diagnostic Methods in Sprays: A
Review”, Comb. Flame, Vol. 51, pp. 127~139.

(4) Mellor, R., Chigier, N.A., and Beer, J.M., 1971,
“Combustion and Heat Transfer in Gas Turbine
Systems”, Pergamon, Oxford, p.291.

(5) R. Goulard, 1976, “Combustion Measurement”,
Hemisphere Publishing Co., New York, p.253.

(6) Wu, J., 1977, “Fast-Moving Suspended Particles:
Measurements of Their Size and Velocity”, Appl.
Opt., Vol. 16, No. 3, pp. 596~600.

% 4

(7) Ingebo, R.D., 1957, “Atomization, Acceleration,
and Vaporization of Liquid Fuels”, Sixth Symp.(Int.)
on Comb., pp. 684 ~687.

(8) H.Doyle Thompson and Warren H. Stevenson,
1979, “Laser Velocimetry and Particle Sizing”,
Hemisphere Publishing Co., New York, pp. 416~427.

(9) Chigier, N.A., Ungut, A., and Yule, A.J., 1979,
“Particle Size and Velocity Measurement in Flames
by Laser Anemometer”, 17th Symp.(Int.) on Comb.,
pp. 315~324.

(10) Farmer, W.M., 1974, “Observation of Large Parti-
cles with a Laser Interferometer, Appl. Opt., Vol. 13,
No. 3, pp. 610~622.

(11) Roberds, D.W,, Brassier, CW., and Bomar, B.W.,
1979, “Use of a Particle Sizing Interferometer to
Study Water Droplet Size Distribution”, Opt. Eng.,
Vol. 18, No.3, p.236.

(12) Farmer, W.M.,, 1972, “Measurement of Particle
Size, Number Density, and Velocity Using a Laser
Interferometer,” Appl. Opt., Vol. 11, No. 11, pp. 2603
~2612.

(13) William D, Bachalo, 1980, “Method for Measuring
the Size and Velocity of Spheres by Dual-Beam
Light-Scatter Interferometry,” Appl. Opt., Vol. 19,
No. 3, pp. 363~370.

(14) Farmer, W.M,, 1980, “Visibility of Large Spheres
observed with a Laser Velocimeter: a Simple
Model”, Appl. Opt., Vol. 19, No. 21, pp. 3660~ 3667.

(15) Robinson, D.W., and Chu, W.P., 1975, “Diffraction
Analysis of Doppler Signal Characteristics for a
Cross Beam Laser Doppler Velocimeter”, J. of Appl.
Opt., Vol. 14, pp. 2177~2181.

(16) Roberds, D.W., 1977, “Particle Sizing Using Laser
Interferometry”, J. of Appl. Opt., Vol. 16, pp. 1861
~1865.

(17) Elkotb, M.M., Abou-Elleil, M.M., and Rafat, N.
M., 1977, “Droplet Size Distribution in a Hollow
Conical Spray”, Bull. Faculty Eng., Paper 8.



