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Fig. 1. Frequency of detected signal versus flow velocity
without frequency shifting.
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Fig. 2. Frequency of detected signal versus flow velocity
with frequency shifting.
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Fig. 3. Experimental set-up for forward dual beam LDV with acousto-optic modulator.
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Fig. 6. Beating signal of He-Ne laser beam and modu-
lated beam at 40 MHz.
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Fig. 7. Forward scattered signal with frequency modula-
tion. The (+ 1) st modulated beam is used. Water
direction is { +) for (a) and (-) for (b).

40, 132MHz 2 el Zloldh, 23 7(b)& €9 &
5 (H)wgez dlu, (1A 338 Yg Aas
< @ & °]5% Doppler Al3°lt}, ©|%3 Doppler
AlsE WzFsls J0MHz2o =2 39,806 MHz |
o4], Doppler A3+ 194kHzo|t}, o|s} Fro] 4|
o gl (1) o (+1)A 3AH oA v
AHE3h Doppler A58} Falg-e wizFsibnn ¥
A vehde, (1A ™" dold W& xgs}
Doppler A159] Fojai= wzFalrah WA el
ot olske Hel FAlY mgko] (—)Y wiE oloh: w
e ARE & 4 9o

a8 8(a)e £ ko] (—)eolxm, (+1)x 3l=s=l
#lo]x g ARgsle] od2 o]%3 Doppler AlZolz,
a3 8(b)E 2ol (—)wskez 323, (-1)x 3=
H el W& ARgsle] o2 o]F3 Doppler A5l
o, 2@elld BXo] (a)9] 7ol o]FH Doppler
Al &Fol7} 39, 804 MHz 2 W xFuls 40MHz ¥ot
gow, (b)9] 7-$oll+ o]%3 Doppler Al&Zal4rt
40,210 MHz & HazFalra o 4 Yepsicl,

23 59 Fo] #Ho|x wlg WzA|F)R] ke W o
oix}+ Doppler A3 AldlAg Ao 7gA A
ol e AL sidag el 4o Y £ 3
o}, o] 7% Doppler 433t FL& filter = FA517]7}
A= gk, 2ehvt 2& 7olut 83 o] alelx] wWe

32

o R

A #e2Ho}, e o] 5% Doppler Al3aF Q& o
o filter & AME31 Doppler S35 A 373 =
U, 59 27 9 WEks 7 4 9l
Aol 28] 79 89 Aoz AL AnTHE $x9
WS AAY 4 ), o5 7ishe Aelsid olaet
Zol Ml 717 442 & 4 gldl,
1) (+1)A A4 alo]d ¥ A%, Doppler A&7t
(+)&22 ojfgofalle (+)ue
2) (+1= 314 8lolx ¥4 A&, Doppler A&7}
(—) &0 2 o|F—falle (—)ud
3) (=D 3143l @lle]x 4) AR, Doppler A&7}
(+)ZBo2 o|F—fale (—)us
4) (D= A= ol 4 A%, Doppler AlE7}
(=)&o g olg—fAle (+)utsr
37154 Doppler 4157} (+)&o2 o|Esgiche
< Doppler #3457} HzFalswot 52 72 o]
3ta, (—)F2oz o|Fsgive A WaFogn o
e oulde}, om A" wel (+1)x Wik
Aol (1)ukske a8 30 FAH Aol whEel ~

i
T

po

ol

Ho rlo



POETED (XNALLE STOA COIR. <1 ONER)

a
H]

- e rxn -y
AR PR eBm

t
[

CENTER 43,00 e
AT @Bw (0 s

WP TREG (XA ER Slorede (-OIN. 1 OMEN)
e 30.0 em  ATTEN 40 ol

(b)

Fig. 8. Forward scattered signal with frequency modula-
tion. The (~1) st modulated beam is used. Water
direction is (-) for (a) and (+) for (b).

V. 38 « =4

A

fus

#4 LDV AlA sk
715 AHEsled 40MHz &

* FolAe e
o Hell B He

on

°ol%F

ul
A=}

&
LS

=R
E)

A oA W F (
of ulzbr] o}F® Doppler *117} Wz
A e A dehded], olE
el 25 e AT & ik

2)g7tx| 2] 7 el o]5H Doppler Al3.et g4

2 Zakpot Aol A2 e, dAl ol E ol
€] (bandpass filter) & AAsta, 4 £ 744

ul3 n)

E
1R ERlof| ZAF

F& LDV Az} dAAAA, FAo S5
3 = s RAF Fo 9t =
of Falo| A Al gl 231 LDV Aol s 353
718 Abgstol u, vl WEHE SHaA; gt
T welr|ed ST A Alsle] dF2A
a4

k.

e

T

°
2
Bz
&+

o
o

)

%y 5]

4
2
;

[=]
=

&
R. Dandliker and P. D. Iten, Appl. Opt. 13(2), 286
(1974).

G. R. Grant and K. L. Orloff, Appl. Opt. 12(12),
2913 (1973).

J. Oldengram, A. H. Krienken and H. J. Raterink,
Optics & Laser Tech. 5(6), 249 (1973).

W. H. Stevenson, Appl. Opt. %3), 649 (1970).

L. E. Drain and B. C. Moss, Opto-Electronics, 4, 429
(1972).

J. Knuhsten, E. Olldag and P. Buchhave, J. Phys. E:
Sci. Instrum. 15, 1188 (1982).

B. M. Watrasiewicz and M. J. Rudd, Laser Doppler
Measurements (Butterworths Co., London, 1976).
DISA Instruction & Service Manual.
zAg, As 2HEE, 4%, A,
2], 2(1), 34(1989).

T. S. Durrani and C. A. Greated, Laser Systems in
Flow Measurement (Plenum Press, New York,
1977).

i 8
(1
(2]
[3)

[4]
{5]

[6]
(7]

(8]

(9] 4%

(10]



64 3=338+3]2 Volume 1, Number 1, March 1990

Determination of Flow Direction by Using an
Acousto-Optic Modulator
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The flow direction in a glass tube is measured by using a forward scattering dual beam laser Doppler velo-
cimeter with an acousto-optic modulator. We can determine the flow direction by measuring the shifted Dop-
pler frequency which is dependent on the order of modulation of the laser beam and the fluid flow direction.
Also, an electronic amplification circuit which has a bandwidth of 0 - 300 MHz and a gain of 38 dBis designed
and fabricated to amplify the high frequency signal.



