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SUMARTO

0 presente projeto propoe um dispositivo para estu-
do experimental da dinamica do escoamento de proteses valva
res em regime permanente, para ser utilizado pelos engenheé
ros e medicos da Divisao de Bio-engenharia do Instituto do
Coragao do Hospital das Clinicas da Faculdade de Medicina
da USP, no estudo das valvulas existentes e no desenvolyi-

L4
mento de novas proteses valvares.

Foi construido um prototipo do dispositive cujos
detalhes estao neste trabalho, juntamente com os resultados

experimentais obtidos.
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I - INTRODUGCAQ

I.1 - 0 CORAGAD E A GIRCULACAD SANGUINEA

C sistema circulatorio pode ser comparads a um cirp-
cuito hidraulico onde o fluido @ o sangue gque percorre Mo
interior dos vasos sanguineos.

0 coraggo, pertencente ao sistema circulatdrio, no-
de ser considerado como uma bomba dupla de deslacamento po-
sitivo, pulsétil, e bombeia o sangue a todas as partes do
organismo em vazoes que variam de acordo com suas necessid

des ( figura 1 ),
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Fle ¢ constitufdo per quatro camaras, sendo dois a-
trios e dois ventriculos. QOs ventriculos sao os principais
responséueis pela propulsEG do sangue.

. 0 coragao possui quatro valvulas(de retengao) para
poder bombear o sangue. Essas valvulas abrem-se e fecham-se
passivamente, dependendo da diferenga de pressao a montante
e & juzante da véalvula. Ainda, o fechamento é auxiliado pe-
los vortices que se formam junto a valvula. Elas oferecem
uma baixa resist&ncia ao fluxo e fecham-se rapida e perfei-
tamente possibilitando baixa regurgitagaoc.

Temos, entao, as seguintes valvulas:

a) A valvula tricdspide, entfe o atrio direito e o ventricu
lo direito;

b) A valvula pulmonar, entre o ventriculo direito e a arté-
ria pulmonar;

c) A valvula mitral ( figura 2 ), entre o atrio esquerdo e
o ventriculo esquerdo;

d) A& valvula adrtica ('Figura 3 ), entre o ventricule esguer

do e a aorta.

As vezes, as valvulas cardiacas apresentam anomalias
causando aumento da resisténcia ao fluxo pela abertura menor
da valvula ( estenose ) ou problemas de regurgitagao do san-
gue (refluxo).

Quando estes fatos ocorre%, as vezes, torna-se nNeces
sédria a substituicao da valvula natural por uma valvula car-
diaca artificial ( Protese Yalvar ).

Esta substituicao ocorre, geralmentz, nas valvulas
do lado esquerdo do coraczo ( mitral e aortica ), pois o la
do esguerdo € uma homba ce maior pot&ncia que deve enviar o

sangue a todas as partes do organismo.
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II - AS PROTESES VALVARES

II1.1 - CONCEPCOES DE PROTESES VALVARES

Atualmente, existem varios tipos de valvulas cardia
cas artificiais ( aproximadamente 50 ), que foram desenvol-
vidas no decorrer dos ‘anos, tais como:

a) VALVULA DE BOLA: gue possuem uma esfera de silicone com
fungac de oclusor, encerrada dentro de uma gaiola limitado-

ra de curso ( figura 4 ). .

b) VALVULAS DE TECIDOS HOMOLOGOS: s&o construfdas com teci-
dos biologicos retirados de seres humanos e tém um funciona
mento similar as valvulas naturais. 0 Hospital das Clinicas
da Faculdade de fledicina da USP utiliza valvulas de durama-
ter ( tecido retirado da membrana que recobre o cérebro ).

( figurs 5 ).

©) VALVULA DE TECIDOS HETEROLOGODS: sho construidas com teci
dos bioldgicos retirados de animais ( figura 6 Y.




" d) VALVULA DE LASCINEAS FLEXfVEIS: s3o construidas com mate
riais sintéticos e sao similares as valvulas adrticas natu
rais ( figura 7 ).

e) VALVULA DE DISCO: que possuem um disco ( de carbono vi-
treo ou metalico receberto com carbono piroclitico ) como e-
lemento oclusor. 0 funcionamento é similar 2 valvula de bo-

la ( figuras 8 ).

f)'UﬁLUULA DE DISCO BASCULANTE: que possuem um disco bascu-
lante em torno de um eixo contido no plano do anel. Sao mui
to utilizadas pois seu desempenho & um dos melheores.{ figu-
ras 9 e 10 ).

g) VALVULA DE DISCO CURVD BASCULANTE: esta valvula esta em
fase de desenvolvimento na Divisao de Bio-engenharia do Ins
tituto do Coragac do Hospital das Clinicas da Faculdade de
Medicina da USP. Sua concepgao e semelhante & valvula de

disco basculante ( figura 11).

I1.2 - AS CARACTERISTICAS DAS PROTESES VALVARES

Segundo Harken, os dez mandamenteos das proteses val
vares sao: '
1. Nao deve proveocar embolia ( obstrugao do escoamenteo dao
sangue )j;
2., Deve ser gquimicamente inerte e nao deve danificar os e-
lementos do sangue;
3. Nao deve oferecer resist®ncia ao fluxo fisioldgico;
4. Devs fechar instantaneamente ( menos que 0,05 ssg );
5. Deve permanecer fechada durante a fase apropriada do ci-
clo cardiaco;
6. Deve ter caracteristicas fisicas e geométricas duradouras;
7. Deve ser implantada em posigzo fisioldgica , geralmente,

na posigao anatdbmica normal;
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8. Deve ser capaz de ter fixagcao permanente;
9. NAo deve incomodar o paciente;

10. Déve ser tecnicamente pratica para implantar.

Mas, atualmente, nao existe uma protese valvar ca-
paz de satisfazer todos esses requisitos. '
fApesar do grande desenvolvimento das proteses valva
res durante os Ultimos 40 anos, elas poOsSsuem muitos proble-
mas pbs-operatérios e de desempenho.
0s problemas mais comuns sao:
1. Formagao de trombos ( coagulagao ) e crescimento de teci
dosg
2. Tromboembolismo ( embelia com trombo )3
3, M& fixagao;
4. Deslocamento da valvulaj;
5. Regurgitagao;
6., Infecgao;
2. Hemélise ( destruigao dos gldbulos vermelhos Y3
8. Falha mecanica;
9, Distlrbio do ritmo cardiaco;
10, Complicagﬁes devido ao uso de anti-coagulante;

11. perturbacoes no miocardio.

Dentre todos, o problema mais sério é o tromboembo-
lismo gue traz complicagaes pés—oeeratérias podendo causar
deficidncia fisica ou até a morte.

Observou-se que as proteses valvares sao pontos de
formagio de trombos devido as seguintes causas:

a) Os trombos podem surgir em regioes de estagnacac na val
vulag

b) & forra do obstaculo aoc fluxo ( bola, disco, etc. ) exer
ce influéncia na formagzo de trombos a jusante da valvula;
c) 0 tipo de material empregado Na valvula estimula o cres-

cimento de %tro-bos.
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Os trombos ( coagulo ) ao crescer, comegam a obstru
ir o fluxo sanguineo ( estenocse ) e, se o coagulo comegar a
se soltar da valvula cardf{aca artificial, poderd se alojar
mais a jusante guando o diametro do vaso sanguineo se tor -
nar menor que o coagulo ( embolia ), podendo causar varios
problemas fisioldgicos.

Uma forma de atenuar a formagao de trombaos € a uti-
lizagao de anti-coagulante ( terapia utilizada em todos os
portadores de proteses rigidas tipo bola, disco, etc. ); mas
a utilizagao de anti-coagulante torna o organismo suscetivel

a hemorragia.

A hemolise é um outro problema da valvula relaciona

. ’ q - ~

do com o escoamento do sangue. A& hemolise e a danificagao
dos globulos vermelhos do sangue. Ela ocorre devido a efei-

tos de pressao e efeitos de tensao de cisalhamento.

I1.3 - DINAMICA DO ESCOAMENTO DA PROTESE VALVAR

Como se pode notar, & imprescindivel a determinacao
do comportamento dinamico do escoamento através da prdtese
valvar. Dessa forma, podemos avaliar se as caracteristicas -
hidrodinamicas de determinada valvula sao fisiologicamente
aceitaveis. 0 escoamento através da protese deve ser suave,
com um minimo de turbul&ncia, sem tensdes elevadas ( visco-
sas ) e chogques, nac deve ter regiaoc de estagnagao do escoa
mento na protese, deve ter minima variagao de pressao atra-
vés da protese, enfim, nao deve traumatizar os componentes

celulares do sangue.

Devido a importancia do conhecimento da performance
da protese valvar, varios ensaios "in vitro" tém sido reali

zados tanto en regime permanente como em regime pulsatil.




LZ

Vieira "et alli", fizeram um dispositivo simples pa
ra estudo da perda de carga da valvula de duramater através

de um escoamento permanente ( figura 12 ).

&

ir
N o
Figura 12 - Dispositivo para estudo da perda de car

ga da valvula de duramater.

Yoganathan, Shoenberg, Bellhouse, e outros desenvol
veram aparelhos e dispositives de fluxo continuo para estu-
do de escoamento através de prdteses valvares.

De forma analoga, varios ensaios em regime pulsatil
foram propostos. Estes ensaios basicamente simulam o funcio
namento do lado esquerdo do coracao.
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IIT - DESENVOLVIMENTO DO PROTATIPO

IITI.1 - CONSIDERACOES GERAIS

0 dispositivo proposto tem circuito aberto, e uti-
liza como fluido de trabalho o ar atmosfeérico que € impul-
sionado por um ventilador em direcao & segao de ensaio com

a protese fixa. Em seguida o ar é eliminado ao meio ambien
te ( figura 13 ),
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Figura 13 - Desenho Esquematico do circuito.




A tecnica de visualizagao consiste na adigao no

ar ventilado de goticulas de agua.

III.2 - COMPONENTES E SUB-CONJUNTOS DO PROTOTIPO

A) VENTILADOR:
Motor - corrente continua
12y Tpm. . = -2600 rpm

B) BOCAL DE ENTRADA: ( Desenho 2 )*

Material: Policarbonato

Processo de conformacao: "Yacuum-forming"
Tem a funcao de dirigir o ar do ventilador ac duto interme

diarioc .

C) DUTO INTERMEDIARIO:
Material: PVC
Tem a fungao de diminuir a turbul&ncia do ar proveniente

do ventilador.

D) SECA0 DE ENSATIO:
Para permitir = visualizacao nitida do escoamento

através da prdtese valvar, na regiac da protese a parede da
tubulacao deve ser de material transparente.

Foi entao, escolhido o acrilico como material para
os dutos da secaoc de ensaio pela sua usinabilidade e sua
excelente visibilidade, Além disso, o acrilico ja & vendi-
do em tubos de diversos diametros, em lojas especializadas
sendo seu custo viavel firnanceiramente.

Para as contragoes = expansoes da segao de ensaio
foi escolhido o policarbonato que apesar de seu custo sle-
vado, & muito utiliz=zdo na Divisao ce Bio-sngenharia sendo

» . - . I
facil de ser conformadao atraves de "Yacuum-forming", alem

¥ 0s desenhos encontram-se no Apendice.




de obter um bom acabamento.

No processo de "Yacuum-forming" € necessario ini -
cialmente tirar a umidade da placa ( de policarbonato ) a
ser conformada.

Para tanto, deve-se colocar a placa em estufa a u-
ma'temperatura de 1202C durante pelo menos & horas.

58 a umidade da placa nao for retirada, no proces-
so de conformagao aparecerac bolhas no conformado.

A secao de ensaio pode ser dividida em:

Del -~ Duto de Entrada

Material: Acrilico

D.2 - Contragao de Entrada ( Desenho 3 )

Material: Policarbonato

Processo de conformagac: "Yacuum-forming"

D.3 - Expansao de Salda ( Desenho 4 )

Material: Policarbonato

Processo de conformagao: "Vacuum-forming"

D.4 - Duto de Saida

Material: Acrilico

E) TUBOS DIRECINNADORES C
A montante da segzo de testes temos um conjunto de

tubos direcionadores ("Honey-comb") que t&m a fungao de re

- - 3 4 -
duzir as componentes laterais da velocidade media e das

maiores turbul@ncias. Esses tubes direcionacdores, natural-
mente, produzem alguma turbuléneia, con turbilhoes da mes-
ma ordem de grandeza que o diametro dos tubos.

: De acordo com "FLUID METERS"™, & recomendavel gue o
tubo direcionador tenha comprimento de L=20 (D = diameiro

da segaon).



Material: Polipropilena
Diametro Externo do Tubo: 6mm
Diametro Interno do Tubo: 5mm

Comprimento: 21 cm

F) DISPOSITIVO PARA VISUALIZAGAD DO ESCOAMENTO
0 dispositivo ,'de concepgaon simples, consiste de

um recipiente no interior do qual €& colocado gelo seca
(CDZ) juntamente com agua. 0 gelo seco ao entrar em conta-
to com a agua sofre sublimagao e condensa o vapor do ar ,
produzindo goticulas de agua. As gotficulas de agua sao di-
rigidas ao duto intermediarioc, a montante dos tubos direci
onadores por meio de quatro tubos de latex que saem da tam
pa do recipiente,

Dbserva-se gue a pressao gerada pela sublimacac do
gelo seco no interior do recipiente, € suficiente para en-
viar as goticulas ao duto intermediario.

Iluminando-se intensamente a regi~o a ser observa-
da , as goticulas de &gua indicam a configuragao dao escoa-
mento.

Tem-se vantagem em confinar a iluminagao em uma se
¢ao do escoamento para visualizagao. Conssgue-se issa, a-
través de Slides inteiramente escuros com uma fina faixa

transparente no centro.(figura 14).

Figura 14 - Iluminmagao em um Gnice plano.




Figura 15 - yista completa do dispositivo.
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Figura 16 - Detalhe do yentilador.
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Figura 17 - Vista dos tuboun dirscicnadores.



Figura 18 - Detalhe do recipiente de gelo seco.

Figura 19 - Detalhe da secao de ensalo.
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IV - CARACTERISTICAS DO CIRCUITO

IV.1l - DETERMINACAQ DA VAZAD

Para determinagao da vazao & utilizado .o fluxdme -
tro que consiste de um tubo com uma hélice no interior gque
gira com o passar do fluido cuja vazao se deseja determinar
( figura 20).

I e
= 0
__A

Figura 20 - Desenho esguematico do fluxdneiro.




Na regizoc da hélice estao colocodos ne sentide radi

al, um foto emissor e um foto fransistor receptor de um
. - 0 - ’

"link" de lur gue e interrompido com o passar das pas da

helice.

Fstes sinais sao transformados em tensao que podem
ser lidas por um multimetro, ou entac a freguéncia destes
sinais pode ser observada na tela de um cscilaoscopio.

Quanto maior a vazao, maior serd a rotagac da héli-
ce, e consequentemente tera um sinal maior, com maior fre-
quencia.

0 aparelho fol dimensionado para operar numa faixa
de 2 a 150 rps ou seja, para a detegao de B8 a 600 pulsos
por segundo; mas, foi instalado um flip-flop na entrada
gue permite gue essa variacac seja dobrada.

Para calibragac do fluxdmetro faz-se passar uma va
230 conhecida no fluxBmetro e mede-se a tensao carrespon -
dente.

Observa-se gue para baixas velocidades o fluxame -
tro nao tem muita precisao devido ao fato de que as forgas
de atrito comegam a ser significantes.

No grafico 1 estéd a curva de calibragao do fluxdme-
tro utilizado para o ar, determinada experimentalmente. E=-
le foi obtido conhecendo-se somente trés pontos e sabendo-

se que a tensao ( V ) varia linearmente com a vazao (Q).




Uj

2

l

0 10 20 30 40 Q(1/min)
Grafico 1 - Curva de calibragao do fluxfmetro.

IV.2 - DETERMINACAD DA CURVA DO IMPULSOR

Com auxilio de um tacbmetro, mede-se a rotagao da
hélice, para a tensao de entrada variando de 0 a 12 Volts.

A maxima rotagcho atingida pelo impulsor na tensao
de 12 v & de 2600 rpm.

No grafico 2 (rpmxV), & dada a curva do impulsor.




Tpm L

2000

1004

£ 5 18

Grafico 2 - Curva do impulsor.

23




L5

IV.3 - DETERMINACAD DA CURVA CARACTERISTICA DO PROTATIPO

Yariando-se a tensac de entrada do impulsor, ou sg
ja, variando-se a sua rotagao, obtemos a leitura correspon
dente do fluxBmetro colocado a jusante da segao de ensaio,
no safida do dispositiva.

Com isto, levantamos a tabela abaixo e construimos

o grafice @ x rpm ( Grafico 3 ).

Q (1/min) RPM
18,24 330
46,62 600
75,00 900
95,27 1200

117,57 1500

139,90 1800

160,14 2100

178,40 2300

188,50 2400
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V - RESULTADOS

Vel - COMPORTAMENTO DD ESCOAMENTO

Observou-se que até a vazao de Q = 24 1/min, o es-
coamento na tubulaczo a montante da contragao da segao de
ensaic & laminar. A partir dessa vazao, o escoamento se
torna turbulento.

Assim, para esta vazao, a montante da segao de en-

saio, temos:

D = 10,5 cm = 0,105 m ( Diametro da tubulagao )

5 = T.0% g = 8,70.107° n?
I
. -3 3
Q = 24 1/min = 0,4.10°7 m”/s
Q = V.5 Vv = 0 ( v= velocidade media de escoa

B mento na segao considerada)




- Logo:
") :-0,05 m/S

Tomando V) = 15,1,107° mZ/s

Re = V.D Re = 0,05.0,105
v 15,1.10°8

Logo:

Re = 348 Regime Laminar

( V = viscosidade cinema-

tica a 20°C e Pres-

sao Atmosférica)

Nestas condigoes, o escoamento na segao de ensaio

e visivel, possibilitando ohservar as turbuléncias causadas

pela protese valvar. A partir dessa vazao, torna-se difi-

cil visualizar o escoamento.

Assim, para esta vazao na segaoc de ensaio, temos:

5 = 7 D2
D =2,5cm=0,025m
§ = T .0,025% 5
Q= 0,4.107° a’/s
V=a

5
Lego:

V = 0,81 m/s

Tomando y = 15,1,107° mz/s

= vl N

4 2
m

viscosidade cinematica
t=209C e P=zlatm)

(V =




" Re = Y.D Re = 0,81.0,025
¥ 15,1,107°
Logo:
RE =] 1350

V.IT - ANALISE DA COMPRESSIBILIDADE

Sabe-se que para baixos nimeros de Mach, a densida
de varia muite pouco, e que para altos nimeros de Mach a
densidade varia rapidamente até um certo limite.

Entac, para M <0,3 podemos considerar o escoamento
incompressivel,

Calculando-se o numero de Mach na garganta da se -
cao de ensaio, nas condigobes ideais de operagao do disposi

tive ( Q@ = 24 1/min ), temos:

i g =
a

Vv = 0,81l m/s
a = k.R-T

= 1,4 ( constante adiabatica )

= 287N~k constante do gas )

= 20 4+ 273 T = 2939 K ( temperatura ambiente )
lL.ogo:

a = 343,11 m/s

M= 0,8l
303, 11

M

i

m =



Ub@emos:
M = 0,0024

Nota-se, entao, que o escoamento em todo o disposi
tivo ocorre em regime subsonico e 1ncompr8551uel e a maior
velocidade ocorre na garganta da segao de testes,

A contragao da secac de ensaio se comporta como um
bocal & a expansao, como um difusor. 0 bocal converte ener
gia de pressaoc em energia cinética e o difusor, energia ci
nética em energia de pressao. Dessa forma, a segao com me-

nor di@metro apresentara maior velocidade.

VoIII -~ ENSAICO DA PROTESE DE "STARR-EDWARDS™

Para ensaios iniciais foi utilizada a valvula  de
"Starr-Fdwards",

Ela foi adaptada em um disco de borracha e este foi
PTeso na se¢ac de ensaig por meio de guatro parafusos. Pa-
rTa manter a valvula permanentemente aberta, a bola de sili-
cone foi colada na gaiola utilizando-se cola de silicone.

Observandao-se o escoamento, constatou-se gue esta
protese nao & recomendavel para utilizagao no organismo.

Ela oferece resisténcia ao Fluxo Fisiologico, caus-
sa grande turbuléncia a jusante do escoamento ( formacao
de vortices ) e, ainda possui regioes de estagnagao do es-
coamento na extremidade da prdtese (fim de curso da bola).

Logo, ela provoca a formacgaoc de trombos e a danifi

cacao dos gldbulos vermelhos ( hemolise ).




Figura 21 - Ensalo

em valvula de "Starr-Edwards®.
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yI - COMENTARIOS

vIi.l - MELHORAMENTCS DO ESCCAMENTO

0 dispositivo proposto tem seu desempenho ctimo
( boa visualizagao ) com Re = 1350, abaixs do numero de
Reynolds fisioldgico de pice ( Re = 8000 ). Este fato €
consideravel se for determinar a tensas de cisalhamento de
vida 2 turbuldncia, a tenszo de eisalhamento devido a vis-
cosidade ou a forga de arrasto na pratess nas condigoes
mais criticas. ’

Para melhorar o desampenho do dispositive, poste -

[\Ed

riormente serao instaladas uma ou mais telas metalicas

montante da secaoc de testes. Elas reduzem =s componentes
longitudineais de turbuléncia e da variagao da velocidnade
médiz numz extensao bem mzior do que zs componentes late -

rais { gue sho reduzidas p=los tubos direcion-dores ).




L}
8]

VI.2 - CONSIDERAGOES MNA DINAMICA DG ESCOAYENTO

Nos ensaios realizados, so podemos retirar resulta
dos qualitativos do escoamento, pois, nzo dispomos de meios
paré avaliar a velocidade pontual em cada trecho da pf&te-
se.

0 tubo de Pitot € um dos métodos mais precisos pa-
ra determinagac da velocidade, mas so apresenta bons resul
tados em correntes de velocidades maiores,

0 anembmetro de fio guente & mais utilizado para
gases do que para liquidos, pois, a agua a ser medida deve
ser extremamente pura, para nao ter condutipilidade sufi -
ciente para interferir na operagac da sonda. Ainda, exis -
tem dificuldades com particulas gque se depositam sohre as
sondas, provocando erssac da pelicula protetora e guebra
do fio, além de alterar =z sua aferigsao.

0 método fotografico consiste em filmar a rsgiao
do escoamento com uma camara fotografica de alta velocida-
de , ou fotografar a regiac do escoamento com fotografia
de alta sensibilidade. Esse metodo, até entao nzo apresen-
tou resultados satisfatarios.

0 metodo mais recomendavel para o dispositive & o
Anembmetro Laser Doppler. Elz 2 baso=de no efeito Doppler
utilizando uma fonte de luz coeremte ( Laser ). Esse méeto-
' do nao interfere no escoamento do fluido anresentando exce
lentes resultados. Porem, ssu custo €& elevado = de concep-
Gz0 muito complexa.

lo apéndices encontra-s2 o catzlogo de um Anemims -

tro Laser Doppler F:ubric=co pela "DISA ELESTRCIHIK A/S®

try

( Dinamarca ). Ele consesgues detectur vclocicades e =t

2mm730
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Jsing LDA in Flow Measurements

Introduction

In many cases, a flow ean orly
be measured correctly if a non-
contact sensor is used. For
example, a flow pattern may be
of 30 small dimensions that even
the smallest of probes weuld
affect the parameters under
investigation, and a flow of a
chemically active medium
would dainage a phystcal probe.
Some flows even make the
physical presence of a probe
impossible; cases in point are
flows around propellors, flows
in 1urbines, ctc.

In such flows l.aser Doppler
Anemomaetry {LDA) may be the
only possible means of measur-
ing local flow velocity, and in
many other fiows LDA may be
the most practical rmethod of
investigating the dyniamic
propecties of flows.

Fig. 1. Vectors in LOA

LDA Theory

The Laser Doppler Anemometer
uses the Doppler shift {Christian
Doppler, 1842) of light scattered
by moving particles to determine
particle velocity and thus find
the fivid flow velocity. The
general equation expressing the
Doppler shift [{n) 10 the fre-
.quency of the scattered light as
2 function of particle velocity
Vis:

1, frequency of scattered light
1., frequency of incident light
£, &, unity vectors of scattered
and incident respectively and
A, wavelength of incident light

The use of a monochromatic
coherent light saurce such as a
laser bram mates.it possible to
determine the values of 4, and A,
&,, & depend on the geometsy
of the system. The velocity
component V, mezsuretd by LDA
will he in the plane formed

by & and ¢ and perpend.cular
10 the line kisectuing the angle
tormed by the 1wo Lty vectorn
tFag 1).

LDA Modes

Three modes of operation - the
Reference Beam Mode, the
Differential Doppler Made, and
the Dual Seatter Made - have
been used in Laser Doppler
Anemoemetry, but only the first
two have found general accept-
ance.

Fig. 2. Reference Beam Mode

Reference Beam Mode. This
mode was used by YEH and
CUMMINGS in their original ar-
ticte in Applied Physics, 1964,

in which LDA was {irst presented.
In the Reference Beam Mode
light scatzered from ane Jaser
beam mixes in the photodetector
with light ¥rom a reference
beamn. In practice this is done

by a ceaxial superposition by
means of bean: splitters and
mirrors of the scattered beam
and the reference beam at the
photodetector (Fig.2). The
reference beam impinges con-
stantly on the photodetector,
ond best 5N ratie will be pb-
wained at high particie densities,
Typical signat characteristics are:
Continunus madulation with
coherent parts sepirated only by
arrplitude dropouts at phase
shifts, good to-moderate S/IN
+atic at high particle densities
{water fiows), and pour S/N
ratic at loy particle donsities
{air Tiows).

Since the equetion Tnr § in-
cludes the unity vector & for
wruttered hght, the photodetecior
must have a smali colierting
aperture and be placed coaxratly
with the reference besm,

Differential Doppler Mode

(Ftg. 3). This mode uses two
beams of equal intensity as
scattering beams. For any direc-
tion of detection the light picked
up by the photodetector will con-
sist of the superposition of light

. scattered from either beam. fp

can be found as the difference
between the twa scattering fre-
quencies f;1 and f2, and it can be
seen that fy is independent of
direction of scattering &, Be-
cause of the independence of the
positioning of the receiving optics,
the Differential Doppler Made
can be used both in forward
scatter and in backscatter, making
it possible to adapt the L.DA
systemn to different configurations.
It can also be used with a large
receiving aperture, enabiing
measurement on small single
particles.

¥y v

Fipd,,

Fig. 3. Differential Doppier Mode

Typical signal characteristics are:
Good S/N ratie from single par-
ticles with low noise level be-
tween bursts (noise proportional
to light level on photodetector),
good-to-mederate S/N ratic on
flows of high particle density
{air or water}, poor S/N ratio on
flows having high density of very
small particles {1ypicaily, po!
futed water floy).

G

Fringe Model. The Differantial
Doppler Mode can be explained
more directly by means of a

Fig. 4. Fringe Mode/

Fringe Mode! {Fig. 4}. At the
bea.n crossing, the two laser
bearns can be described as two
beams of monochromatic co-
herent light, each with plane and
parallel wave fronts. In the ir@
section, alternately construct!
and destructive superposition of
the two bearns will form a fringe
patiern of planes having a sirong
electromagnetic field separated
by planes having a weak electre
magnetic field. Distance
between fringes, dr, can be cal-
culated from the angle of inter-
section & and wavelength A, of
the laser light.

by

4

Zsinb/2

A particle moving ecross the
fringe pattern with a vetocity
component V', perpendicularic
the fringe planes will scatter light
at a frequency f4.

Wi B
4= T V- =l
[+ 2 sin /2




5X Modular LDA Ca' lics

Features:

* Fully modular optical system

# Coaxial desigh

* Measured velocity vector plane
can be rotated through 380°

+ Hard anti-reflex coating on all

. optical surfaces

* Optical filters and coating
rated for high power laser

* Optics corrected for spherical
and thromatic aberrations

* Bafl-bearing supports featuring
graticules

* Beam expansion and full-
aperture receiving optics for
higher signal-1o-noise ratio

* Adjustable receiving optics for
precise focusing

* Only one freguency shift

odule and one backscatter

module for one- and two-
dimensional systems

* Mounting facilities {or both
HelNe-lasers and Argon-lon
lasers

introduction

The DISA 55X Modular LDA
Optics constitutes a third
generation in the development
and design of laser Doppler
optics. The overall optical layout
is optirized for the utmost per-
formance based on intensive re-
search and developing experience
from all types of LDA applics-
tiors. Grest care has been toker,
to develap the individual optical
somponents (heam splitters,
:olor separators, filters, ezc.)
Milizing advanced multilayer
echnigue.

e typical LDA Systems for
“Fiding up the 55X Optics for
rour application are shown on
1ages 14 and 15, with infarma-
ion on mode of operation. To
tart it, sefect the optical bench
35X18, 55X41 or 55X42)
1atching the laser head to be
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used. (The benches comprise
maunting parts}. Select one or
wo supports (55X 23) for
mcunting the various modules,
such as beamn splitier, Bragg

Cell, or beam transiator. The
modules feature standard tengths,
inside screws, and guide pins for
perfect mounting. Complete
your LDA eptics with a cover at
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the laser end, and a mounting
ring with the actual front lens
facing your investigation setup.
In forward scatter modes the
photomultiplier can be placed
on the tripod {or clamped to
your investigation setup), and
in the backscatier mode be
maounted together with the
backscatter module.
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The 55X Modeutar L DA Optics
comprises a complete fine of
opticai companents for all modes
of operation occuring in practice.

Two-Color Backscatter System
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(08 PM Section

s photomultiplier section

1ses the PN tube and has a
saded mounting ring for the
{36, 37/38 Interference

ers. In a two-color setup two

Sections with Interference
lers are mounted to the 55X3b
or Separator, which in turn
unts 1o the 55X34 PM Optics.
stomubtiplier Tube

RCA 4526

x. Cathode Voltage

2000 V, negative polarity

x. Anode Current

2.1 mA

sctresn Response

Ext. §20, guantum efficienty

o {red) 20% (green/blue)

'\smvtw
4400 A/W at 550 nm
ndwidth 0 to 120 MHz, B0 2
mensions
120 mm fength, 52 mm dia
tight 0.5 kg
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5X12 Beam Expander

he Beam Expander can be used
1 all 55X systems with variable
eam separation (55X32 Beam
vansiator). The Beam Expander
essential Tor applications in
hich the size of the measuring
Nume is critical. By expanding
s laser beam the diameter the
wessening volume can be halved,
ssuitng in guadrupling of the
ght mtensity.

ears Expander Halio
©5 50
jear E xpander Opucs
Achromatic wits hard AR-
coaung, Foo0 3 per surface
NmERsIonS
u.C'mm ferigth, 112 mmdu

LDA Optics

e p———————r—y

55X19 Laser Adapter

‘The Laser Adapier comprises 8
helder fot a coaxial taser head
and & mounting bench with ad-
justable feet for the complete
LDA Optics.

Coaxial Laser Diameters
50 mm or 44.5 mm
Dimensions
Adaptor tube: 165 mm length,
112/60 mm dia
Mounting Bench; 360 mm
length, 108 mm width
Weigth
Adaptor woe: 0.5 kg
Mouwnting bench: 1.8 kg

[t
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55X20/21 Cover and Retarder
This set of Cover and Retarder is
available for Argon-lon laser

+
A B e i s i .n‘.l

L

55X 20 and for Helvelaser 55X21.

The A4 retardes is mounted on

the laser head, and 1he cover with

retarder polanized laser beam

will aler passing thest compo-

nents have its palorization plane

foliowing the 55X Optics when

this 15 roteted.

55X 20 Cover and Retarder
\Yaveiength of hight: 488 10
515 nm

55X 21 Cover and Reterder
Folatization can be rotaied
re'ative 10 oplics ]
Vosaelengih of Tight: 633 nm

Thriad of Retarder A-$1ype
UNF 17 » 32 Hoser head
stanidord]

Dinrcnsions
Cover; 112 mm d.a
Retarder: 37 mm i3

Vright 0.3 kg
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55K22 Beam Waast Ad]uswr
The Bearn Waist Adjuster is used
1o oplimize the fringe patiern
quatity in the measuring volume.
it is important 1o adjust the laser
beam divergence in a system
having a front lens with long
focal fength, The 55X22 Adjuster
mounts in the 55X20/21 Cover.
Adjusiable Focal Length
G 8 mto +0.5 m, beam £x-

pansion x 1.1
Dimensions

50 mm length, 43 mm dia

| MYENRRE SR

B5X23 Support o
One Support is used for mount-
ing srnall BBX systems and two
supports secures perfect stabnl-
ity of large optical systems The
optical benches have mounting
holes for the supports.
Rotatability
3607, graticule = 807, hall
bearing
Dpucal Axis
110 mm over bench
Dirne nsions
170 ram height, 126 mm,
17.5 mm thick
Veinhi
1.1 &g

4
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55)(24 Beam Splltler
This bear splitzer module has a
polarizing beam splitter prism, a
polarisator rotator and a prism.
The module has variable beam
splitter ratio and is used in re-
ference beam mode 25 well as in
differential Doppler mode with
photomultiplier. When operating
in reference beam mode together
with the 55L11 Diode Detec
the polarisator rotator shoulé@
out of function {pull the small
rod.}
Beam Splitter

polarization prism

£33 nm
Polarization Rotator

g0~ , 633 nm
Beam Separation

One beam coaxial, one dis-

placed 30 mm

Dimensions
35 mm width, 112 mm dia
Weight 0.7 kg
Ty e
4
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5.})(25 Beam Sphtter
The 55X26 Beam Splitter has a
neutral beam splitier and 2 prism,
and is mainly used in two color
setups.
Beam Splitter

Reflecting prism type
Beam separshion

One coaxial beam, ene beam

seporatcsd 30 mm
Dimensions

35 mm width, 112 mm dia
Weight

0.7 kg
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55X 26 Beam Sphiter
The 55X 26 Beam Splitter isofa
neutral type and splits an in-
coming coaxial beam into two
beams parallel to the axis. This
module is mainly used in 2-chan-
nel reference beam mode, and
for one component measurement
without frequency shift.
Bearn Splitter
Neutral prism type
&ham Separation
Each beam separated 30 mm
from optical axis, in the same
ptane
Dimensions
45 mm width, 112 mm dia
Weight
0.7 kg

]
]

| PP
55X 27 Beamn Splitter
The 45X27 Beam Splitter isof a
color separating type and splits
the incoming two-color beam
into & green and a blue parallel to
the axis. This module 1s used in
two-color selups.
Boam Sphtter
Color sensitive prism type,
488515 nm
Bearn Separation
Green and blue beams
separated 30 mm from optical
axis in the same plang
Dimensions
35 mm width, 112 mim dia
Weight
0.7 kg
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55X28 Beam Displacer
The 55X28 Beam Displacer is
used 1oguther with the 55X24
Beam Splitier in one-component
setups {also with frequency shift)
Beam Displacement

Incoming coaxial beam is dis-

placed 30 mm by prisms
Dimensions

35 mm thick, 112 mm dia

Weight
0.7 kg
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55X 29 Bragg Cell Sectio
This section will optically shift
the incoming coaxial beam 40
V:Hz relative 1o the other. Both
in case of one-channel and two-
ehannel measurements, fre-
quency shift can be added to the
system by installing one 55X29
Bragg Cefl Section. The section
has been desianed so that the
optical path iengths of the two
beams are equal.
Brags Cell Frequency
40 IaHz
Signals for Bragg Cell Driver
40 LiHez, 1 Vrms at 50 02
DCvoltags, 12 V, 300 mA at
ane BNC input souket
Bragg Celf Efficiency
Max. difiracted light 85%
Dimensions
70 mn width, 112 mm dia
Veeight
i3 kn
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B5X30 Backscatier Section
The Backscatter Section is used
both in one-component differen-
tial mode and in two-compo. ant
two-color mode. On the side of
the section mounts the 55X34
PiM Optics with one or two PiM
Sections.
Backscatter Mirror

First surface type, coated
Backscatter Aperture

50 mm
Dimensions

70 mm width, 112 mm clia
Weight

1 kg
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55X31 Pinhole Section
The Pinhole Section is used in
backscatter measurements (one-
or two-channel) and depicts the
measuring volume on the pinhole,
thereby constilvung a very
efficient spatia! filter eliminating
undesired reftections from your
flow setup.
Optical Systerm

Two achromatic lenses,

aperture 50 mm
Pinhole Diemeter

0.5 mm
Pinhole Adjustment Range

12 mm
Disensions

245 lengih, 112 mm dia
v/eight

1.B kg
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55X32 Beam Transtator
The Translator provides conti-
nuous varistion i beam separ-
ation with stops at 13 mm
26-mm and 39-mm separation
for one-channel operation. The
same $ection is used in two
channel systerns.
Beam Translator, Internzl Separ-
ations

One channel: 13, 26, 39 mm

Two channels: 9.2, 18.4,

27.6 mm
Prisms

Reflection prisms
Dimensions

35 mm width, 112 mm dia
Weight

0.8 kg
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55X33 Lens Mounting Ring
The ring is used for mounting
one of the 65X51-59 Front
L enses, When incorporating the
55X 12 Beam Expander in the
system this is mounied between
the 55X33 and the front lens.
Internal Thread

M105x1
Dimensions

20 mm thick, 112 mm dia
Vieight

0.2 kg

PPN




5X Modular LDA Optics
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55X34 PM Optics
The photomultiptier optics is
used both in forward scatter and
backscatier modes. {ts objective
focusses on the measuring vo!
ume {with the aid of an eye-
piece).
Objective
Focal length: 150 mm, aper-
ture 47 mm, achramatic
Variable Focus
600 mm » o2
Close-up Lenses
Focal Lengths: 80, 150, 300 mm,
Reference Beam Adapter
Pinhole Diameter

0.1 mm
Pinhole Adjustment

=2 mm
Dimensions

122 mm length, 60 mm dia
Weight

0.5 kg
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.55X35 Colar Separatar
The scparator is used In two-
color systems and mounts (wo
55X08 PM Optics,
Color Separator
Colour separating beamsplitter
orism
Separating Wavelengths
488 or 515 nm, efficiency
>9B%
Dirensions {HWD)
37x47%x57 mm
Vgt
0.2 kg
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55X36/37/36 Interference
Filter
These blue, accen, and red
narrow band fidters are used for
increasing the signal-1p-noise
ratio of the Doppler signals by
filtering away unwanted light.
Wavelengths

55X36: 468 nm

B5X37: 514.5 nm

56X38:633 nm
Transmission

>75%
Bandwidth

10 e
Effective Filter Diameter

12 mm
Dimensions
33 mm dia, thread M30x1
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55X40 Accesbores
This set of atcessories comprises
two supports, a surface mirsor, a
neutral denstty Tiiter, and a test
ohjective. The nurror is valuable
when checking the optical
akignmient of the system, and the
test objective 1s used for check-
ing the beam miersection in
measuring volume
First Surface Mirror
Digmeter 100 mm, adjustable
cphical exis¢a 10 mrad 2
4xes
Neutral Dinsity Finer
Attenuavon x 100 (488 1o
514.5 nm}
Test Dbyective
Facal lungth 4 mm
'-e't'ighl
Whole set 2.0 Ly
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55X41/42 Muunung Bench
The bench mounts the laser head
and the 55X Optics to g rigid
system. The bench {eatures fine
adjustment facilities for the op-
tical axis and has three adjust-
a2ble feet. 11 includes mounting
parts for the lascr in guestion,
Dimension {(HWL}

55X41: 60x120x1750 mm

{for Argon-lon laser)

55X42: 60x120x1400 mm

[for HeNe laser}
Weight

55X41: 9.0 kg

55X42: 7.5 kg

55X43 Triped

The tripod is usefu! for mount-
ing the photomulsiplier in
ferward scatter mode, The tripod
comprises s spherical joint and
holder for two PM Optics to be
used in 1wo component reference
beam mode.
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55X44 Instrument Box
The instrument box has room
far the various 55X modules and
15 of a flexible design.
Finish
Mohogany
Dimensions {KVWD)
210x420x 380 mm
Weight
8 ko

————_r
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L5110 Photamultiplier
This photomultiplier with extra
ordinary sensitivity covers
opplications with loew and me-
dium velocity. 1t is equipped
wilh an eyepiece and an adjusi-
able pinhole,
Type of PM Tube

EMI 9658B
Voltage Range

500 - 1400 V, negative 9
Queralt Sensitivity

Typical 1450 A/1m
Upper Frequency

17 MHz at 1400 V
Objective

Focal length 105 mny, 1:4
Close-up lenses Focal Lengths

200 mm, 333 mm, 600 mm
Dimensians

400 mm length, 75 mm dia
Weight

3
k

2 kg
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55XH1-59 Front Lens
A complete line ol planuconvex
and achromatic front tenses are
available. The focal tength
corresponds to the distunce to
measuring volume (in air)

Type No.

ESX51, Plunacunven
BEX5Z, Planpronves
BEXBY, Flunncuives
55X5H4, Planoconvex
E5HXERE, athrom,
H5X50, schrom.
bHHX5H7, achrom.
HEXDSE, achiom,

Coating
Hard AR -coating, < £.3% per
surface
Diameter
118 mm, shread NM105x1
Focal Length  Aperture  Weight
mm mm kg
300 94 oz
GO 94 0.2
1000 94 0.7
1500 94 0.15
£0 48 06
160 48 0.4
310 BO 0.5
600 94 0.6
12400 a4 05
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551 11 Dipde Detector
Tne 55411 Diode Detector
corrprises an aperture, a beam
wntitier, Two photo diodes and &
cereunt board enclosed ina
housing The complete essembly
s mounted in a support which
3:ows one complete 3607 rota-
won of the Diocde Detectar.
Sensitivity

Typieal ZV/mW at 200 kHz

@l:)ul

max. 400 mVpp
Eandvadth

2 LHz 10 50 MHz {3 dB)
Beom Splitter

Anu Refiex coated, polarized

for 633 nm
Powrer Supply Voltage

18 v BC, 40 mA
Quiput Impedance

5082
Length Diameter
128 mm 31.5mm
' eight
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55067 Optical Unn
The type B5LG7 Optical Unit
Toets the need for a completaly
ntegrated eptical unit that is
"y 10 st up and requires no
tatfustment when beginning
mather messurement,
te™ Sepstation
L5 mmoor 22.5 mm
1z Focal Length
120 mm and 200 mm
Tt Surdaces
Farg oaied anti-reflex front
tfers gnd beyn solitter
Q. coated metal surface
~arrnrg

hread
®9' x 32 {luser heed
e
ey ions
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55117 Seeding Generator

The operation of 5 laser Doppler
Anemometer depends on the
availability of particles to scatter
incident fight on to 2 photo-
detector. The particles must have
2 certain size to produce good
Doppler signals and yet be small
enough to Tollow the turbulence
of the medium.

The DISA Type 55L17 Seeding
Generator constitutes a valuable
aid when performing LDA
measurements in gascous flows,
The Seeding Generator cornprises
2 carefully develoned liquig
atomizer and separator. The
liquid to be atomized is poured
into the Seeding Generator
through a filler hole, Compressed
air (gas) is fed through a reduc-
tion valve {not delivered by
DISA) 1o the IN hose connector.
A highly seeded gas tlow for

your investigation setup is avail-
able at the QUT hose connector,

Particle Density
Approx. 5 x 10° particles/cm?
Working Pressure {= differential
Pressure between IN and OUT
hose) ;
0 10 150 kPascal {0 to 1.5
bars)
Maximum Supply Pressure
600 kPascal {6 bars)
Testing Pressure
1.5 MPascal {15 bars}
Nozzle and Separator Material
Glass
Bowl Material
Transparent polycarbonate
plastic
Atomizing Liguid Volume
Max. 110 cm?
Hose Connectors
8-riim dia.
Dimensions (HWD}
170x160x90 mim
Weight
1.7 kg

LDA Signal Processing

LDA Signal Processing

The instantaneaus velocity Vy is
represented by the Doppler
heterodyning frequency fn:
fo=V, - _...,’\‘._

25ing/2

Inall cases, however, demadul-
ation and processing of the
Deppler signal must be adopted
to the type of flow under in-
vestigation. Flows having a low
density of scattering particles
will typically produce & signal
consisting of short bursts with
a good 5/N ratio, separated by
no-signal intervals, The LDA
Counter Processor is ideat for
processing this signal: It filters

Fig. 1. Counting Technigue

the photodetector signal to re-
move the DC component {DC
pedestal} and the high-frequency
noise, and thereafter uses the
filtered Doppler bursts to gate a
high-frequency clock during a
known number of Doppler
periods, n, After the gate has
closed, the period time Tp of the
Doppler signal can calculated by
dividing the content of the clock
register m, by n. The Doppler
freguency fD can thus be found
from

o = M T

n
1
fpmdd -
To me - Tp

T, being the period time of the
clock {Fig. 1).

The use of high-speed logics and

a high-frequency clock makes it
possible to use LDA Counter
Processor 1o measure flow veloc
ities far into the supersonic range.

In flows having a high density of
scattering particles it is passible
1o obtain Doppler signais in
which coherent bursts are only
separated by brief dropouts with
random phase changes. The
semi-continuous nature of the
signal assures that no sudden
changes in frequency will cocur
between consecutive bursts and
allows the use of a tracking-type
signal processor, the Doppler Fre.
quency Tracker, The Doppier

Fig. 2 Frequency Tracker
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Frequency Tracker continuously
compares the filtered Doppler
signal with the output of a local
ascillator, and any frequency
difference between the two
signals is used to lock the local
oscillator to the Doppler fre-
guency, Accerdingly, by moni-
toring the continuous signal from
the local oscillator it is possible
to make real-tirme flow velocity
measurements {Fig. 2}.

Since the Doppler Freguency
Trackei acts as a narrow-band
tracking filter it is capable of
processing even noisy photode-
tector signais that may occur
under adverse measuring con-
ditions.
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The DISA Type 55N20 Doppler Frequency Tracker
Advantages Introduction The 55N24 Display Module cal- quency where the lock was

* Total tracking frequency from
1 kHz 10 10 MH7

« Covered by a 1otal of seven
separate overlapping ranges

¢ Each range hasa 1 to 10 fre-
quency ratio

v LED indication of tracker
range selected

t Phase-lotked-loop controiled
VCOo

1 VCO frequency equal 1o Dopp-
fer frequency

" Lock detector with automatic
lock-in search
Spectrum analyzer function
Tor simplified Doppler ire
quency detection
Computer operated remote
wracking range and Nilter con-
trol
Input selecior for choice of
photomultiplier or diode de-
tector
Digital output panel for butfer -
anid compuier-interface
Analeg output with seleciable
low-pass filiers
Features & microprocessor {ar
mean velocrty calcuistion
Direct m/s velocity display
Calibration factor sclection
capabsitity
Averaging time selection of
mean velocity display |
Frequency shifi cempensation

facility

The DIiSA Type 55N20 Fre-
quency Tracker is a completely
new design in leser Doppler
anemometry (LDA) instruments,
It measures the instantaneous
fluid fiow velocity and presents
direct mfs display. An analog
output voltage is available for
stgnal processing and digital out-
puts are available for computer
analysis, as well.

The 85NZQ Frequency Tracker
is extremely simple to operate
and features a logica front-panel
layout. The rear pare! contains
all connecting terminals 1o pro
vide versatile aperation of the
BSN20 Tracker with other in-
struments such as a frequency
shilter or & mini-computer,

Modular Design

The BLN20 Frequency Tracher
is made up of the foliowing
modules:

BEN21 Liin Frame o

55NZ2 Power Supply

BBN23 Tracker

55N Display Module
{uptianal)

55197 Hizh Voltage Supply
toptionaf)

culates the mean velocity while
the 55L97 HV Supply provides
voltage for photomultiplier
operation.

Principle

The incoming Deppler signals are
amplified and filtered. These
signals, together with the VCO-
out sigral, are fed to a phase
detector. The phase detector sig-
nal goes 1o the Loop Integrator
which in turn controls the VCO.
The Anatog Output signal origi-
nates at the Frequency-to-Volt-
age Converter and passes through
the Qutput Filter. The VGO
control signal is also present
here. The VCO output to the
Digital Qut circuit is formed by
the counting circuit which counts
the VCO over one complete
time-period (both, positive and
negative level shifts of the VCO
are counted).

In the display Module the VCO
counts are comvericd 1o the Mean
Velocity Out disptay, with Fre-
quercy Shift compensation.

The Lock Betection circuit de-
tects whether the Phase Locked
Loop is in or out of lock, I out
of lock, the Scarch function wiil
startup and scarch far iock-in,

to begin vath clase 10 the ire

missed, and then with i increasing
cycle amplitude to cover the
entire tracking range, The Lock
Detection is delayed 500 VCO
signal periods before searching
begins. When the search is
concluded the phase locked Igo
goes directly into lock.

The 65N20 Tracker can function
as a Spectrum Analyzer; i.e, in
the SCAN mode the VCO is
swepl through the range and the
Lock Detector cireuit is con-
nected to the Mean Sguare
Calculation, When displayed on
an oscilloscope the Spectrum
Out signal will show the actwal
Doppler spectrum,

Techaical Data
55L97 Righ Voltage Supply -

Voltage Range
200 10 2000 V, negative
polarity

Rippte
Nax 35 mVims

Voltage Meter Range
Ot02 kv

Anode Current Meter Range
Oto 100 uA
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B5N23 Tracker

Photodetector Input
fmpedance: 50 £2
Diode Detecror: +18 V DC at
40 maA (R, = 150 22}
Preamplifier Gain
4010 90 d8
sivalent Self-Noise
Typical 1.2nVA/Hz,
referred to input
Electronically Switched Filters
Controlled by RANGE se-
lector
Manitor Qut Terminal
50 £ out
Use 80 {2 cable and high
impedance load{imax,
100 pF
fax. output level 400 mVpp
Type of Tracker Cireuit
Phase tocked-loop
Lock Detection
Automnatical search function
Frequency Tracking Ranges
110 10 kHz, 310 33 kHz,
10 to 100 kHz, 33 ta 333 kHz,
0130 1 NHz, 0.3 10 3.3 MHz,
end 1 to 10 WHz
Jpper Freguency for Flow Fluc-
atians
Klaximurn small signal wracking
frequencies in resp. ranges’
.74 kHz, 2.4 ¥Hz, 7.4 hHz,
24 kHz, 74 kHz, 240 kHz,
0.74 MH>

mpliher and

[ |
 — |
Photo deiccior Inast ¢ :

-

i Trangle Generator i & —

Capture Range in resp. Freq.
Ranges
#0.74 kHz, 2.4 kHz, 7.4 kHz,
124 kHz, 274 kHz, 2240 kHz,
+0.74 kHa
Maximusa Slew-Rate in Resp.
Ranges
210 kHz/sec, 630 kHz/sec,
6.3 kHz/msec, 63 kHz/msec,
630 kHz/msec, 6.3 MHz/msec,
63 MHz/msec
VCO Frequency Ranges
Equal to tracking ranges
Analog Output
Voltage range: 110 10 V for
all seven ranges
Accuracy: 1% of fult range
Impedance: 100 §2
Output Fiiter
First order low-pass filter.
Fouwr settings in each tracking
range. In 10 hiHz range:
1.9 kHz, 5.9 kHz, 19.4 kHz
and o
Spectrum Output
Voltage range: Gto 10V
Impedance: low
VCO Control Output
Vohage range: 110 10V jor
all seven ranges
Accuracy 4% of 1ull range
[rrpedance. low
Sweep tnput
Voltape range: 110 10V
Impedance: high

Lock Detector signal
Cpen collector with 2 k§2
pull-up

Digital Input Terminal
Remote setting of range and
output filker
Frequency shift information

Digital Qutput Terminal
Setting of range and output
filter {values may be a result
of lecal or remote settings)
Doppler frequency - 8 bits
Frequency shift information
Computer handshake signals

55N24 Display Module

Mean Velocity Display
3 digits with automatic selec-
tion of sign, decimal point
after first digit
Power of 10 display: range
from -8 10 +9
Celibration Factor Range
107% 10107 ms™! /MHz
Integration Time Range
110 9X10° sec
Range of Frequency Shift Input
Oto = 9 MHz
Mean Velocity Output Terminal
Average Doppler frequency
16 bits
Computer handshake signals

55N22 Power Supply

Line Voltage

60 Hz.

selector switch
Power Consumption
60 VA
Fuse
0.5/1.25 A a1 220/110 V

Additional Data

Dimensions (HWD}
133 ¥ 440 X 420 mm
Weight 17.6 kg
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Simplified block diagram of the 55N20 Frequency Tracker

For operation on any nominal
line voltage from 100 10 129
and 200 to 259 Vv AC, 50 to

Voliage selection by means of
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Digital display of mean veloc-

ity in m/sec

Auto ranging over full Doppler

frequency from 2 k2 to 100

MHz

Four modes of cperation:

Fixed, combined, variable and

transit

Advanced group of data

validation circuits: amplitude

domain validation with three

Schamitt triggers

Time domain validation by

odd number {5/8) fringe count
, Automatic selection of number

of fringes between 2 and 256

True 500 MRz cleck

Total burst mode

Digital display of data raie and

peicent validated data

Large particle rejection circuit

Data interface and buffer pro-

vided by 57G20 Buffer Inter-

face

High-pass and low-poss filters

Digital and analog outputs

1roduction

icasuring the velocity of a fluid
o by means of a counting
chnigue is the latest develop
@nt it laser anemometry. Fun
smentally, the Counter times &
attoring partick aver a known
smber of interference fr.nges
1thin the niczsuring velume,
ws enebitng evaluation of
stantenecus velocity,
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Fig.1
TYPICAL DOPPLER SIGNAL

i 1 [ l f
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Fig.2.
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Principte

The separation between fringes is
known frorn the geomeiry of the
setup and wavelength of the

laser light. A typical Doppler
signal for a scattering particle
crossing the center of the measur-
ing volurne is shown in Fig. 1.
This signal is bard-pass filtered to
remove high-frequency and iow-
frequency noise, amplified an
allowed to trigger 2 Schrmitt %3
trigger. Fig. 3 shows the resulting
output from the Schmitt trigger.
The period of this square wave is
equal to the time it takes for a
scattering particle to cross one
fringe.

If the LDA Counter is operated
in mode 1 {fixed Ny mode used
mainly for almost continuous
Doppler signalsl, operation is as
follows' The Schimitt trigger out-
put i3 fed 10 a control ciguit
which enables two highrspeed
counters [High Count and Lowr
Count both counting 8 500 MHz
clock frequency} un 1he same
zero orossing. After five fringe
counts have been compleled-at
the Fringe Counter input the
Low Gount is disabled, After
erght fringe caunts have occurred
at the Frirge Counter input the
High Count is dinabled. A Com-
parettr circuit then compares
the Low Count with 5/8 High
Count. An "srcept™ ar "reject
command is teleased cccording
10 the divred accuracy [set by

e

COMP. ACCURACY selector).

e
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in certain cases false data can pass
through the Comparator. A Two
Level Validation circuit com-
prising two Schmitt trigger levels
and a Sequence Derector
eliminates such faise validation.

If the comparison results in an
“accepl” command, the High
Count, being directly propar-
tional 1o the time it takes for the
scattering particle to cross eight
fringes, is inverted giving an
output which is directly propor-
tional to the instantaneous
velogity. This result is passed

to further processing circuits such
as the 55094 Mean Velocity
Computer and 55L93 D/A
Converter.

e LDA Counter is operated
in mode 3 {variable Ny mode
used mainly for "single burst™
Doppler signals), operation is as
follows:

The High Count register also in
this mode is enabled on the zere
srossing of the Schmitt trigger.

It stays enabled as long as the
Doppler signal is above a certain
‘evel. In this way the “burst time”’
is measured and at the same time
the number of periods is counted
oy the Fringe Counter. These two
data allow an interfaced com-
suter to calculate the velocity
ind also to make very accurate
sorrections for bias.

The advantages of the two above-
nentioned operating modes are
;ombined in mode 2: Combined
node.

mtly it should be mentioned
J. a mode of operation, the
[ransit mode {mode 4), is used
or measuring the velocity of
sther particle transit phencmena,
Fhe time from one trigger event
o the next {two channels) is
neasured and the inveried time

s output.

"echnical Dawa

"he 55L 90z LDA Counter Pro-

essor consists of the following

nodules which may be ordered

eparately, it desired:

i5L96 Counter Module

5L97 High Voltage Supply
Nodute

51.91 Data Rote Module

5193 D/A Converter Module

5L.94 Mean Velocity Computer
Nodule

5L8Y Power Supply

S — SRS T ey
, Schmitz Trisger 3 scomitt Trigger 2 1
Output Cutput E
Fringe | Sequence Count
Counter Detector Sequencer
e
g8 5
¥
Totary e S
o lode
500 MH:
= d _— e
- ependent Clock
- gate
COLIP.
ACCURACY
¥ ¥ I
.1 Compa— [_ :
High Count > tor 1 Low Count
* Acceptireject Commeand 3

55196 LDA Counter Module

Modes of operation
1. Fixed Ny mode
2. Combined mode
3. Variable Ny mode
4, Transit mode
Input Impedance
500
Input Freguency Range
2 kHz 1o 100 KiHz
Calibration Factor Range
1.3 10 44 m/sec/MHz
(55X LDA Optics)
Velocity Range
3 mm/sec to 2000 m/sec
{approximate values for DISA
LDA optics — dependent on
geometry of setup}
Burst Times Transit Fime Range
{mode 3, 4}
64 nsec 10 4.2 msec
Number of Fringes
210 256
Low Pass Filier Settings
256 kHz
1,4, 16, 100 MHz (3 dB)
Roll-off
60 dB decade
High Pass Filter Settings
1,4, 16, 64, 26 kHz
1, 4, 16 Ntz (3 dB)
Rol-off
40 B 'di cade
Threshald Window
20 dB in 1 uE steps
Instrurment Lsrated Sample Rate
1.0 psec Mmegsunng ime

Block diagram showing principle of operation.

Accuracy (e<SMR]}{fixed Ny)
1% at 40 MHz
2.5 % at 100 MHz

Digital High Pass Filter
Selects a minimum frequency
or maximum measuring time

55L.87 High Voltage Supply
Module

Voliage Range
200 to 2000 V negative
polarity

Ripple
Max. 35 mV rms

Voltage Meter Range
Oto 2 kV

Anode Current Meter Range
010 100 pA

55L94 Mean Velocity Computer
Module

Digital Display
3 digits of velocity
1 digit of power of 10 with
automatic selection of sign
Range of Scaie Factor Setting
0 10 9999, Scale setting for
velocity duplay in MHz: 0150

55181 Data Rate Meodule

Pata Rate Display
000 1o 992 kHy

Opo Vaiidated Display
000 10 983 pans par thousand
{based on last 1000 samiples)

55193 /A Converter Madule

COutput Resolution

0.2 % of selected range
Qutput impedance

800 22 {DC}
Low Pass Filter

300 kHz (3 ¢B})
Roll-oif

20 dB/decade
Output Bange

Dto 1.2V
Output Calibration Factor
fo (MHz) = &0 X Vout {V)
2A

A = front panel gain setting
55499 Power Supply

Line Voltage
For gperation on any nominal
line voltage from 100 10 129 V
and 200 10 259V AC, 50 to
B0 Hz Voltage selection by
means of selector swiich
Pusveer Consumption
180 VA

Additional Data
Din ensions (HWD)

190 » 440 X 420 mm
Vicight 106 kg
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Features

% Modular design — 1- or 2
channel version

*  Direcily suitable Tor oper-
ation with DISA counters/
trackers

*  Frequency shift range
29 Mz

*  Pravides 40-MHz signal for
Bragyg cell

*  Binary outpais facilitate
computer interlacing

Applications

Optical and electronic frequency
shifting allows measurements of
highfy turbulent and reversing
flows such as:

*  Flow profiles with velocity
reversals

*  Oscillatory flows of zero
mean velocity

+  Vortex formation in wake
fiow

*  Natoral convection flow

*  Unstable boundary layer
flow

The DISA 55N10 LDA Fre:
quency Shifter is operated in

corjunction with LDA signal pro-

cessors such as DISA counters/
trackers. Because of its modutar
design both a 1-channel and a
2-channel version are availabfe.
Etfective frequency shifis from
10 kHz to 9 M.Hz are provided
on bath channels, with individual
frequency selectors.

The direction of the effective
shift can be reversed relative to
the sense of flow without r¢
adjustment or terning of the
optics. A 40 MHz signal i$ pro-
vided for driving the Bragg cell
for optical Trequency shift, Ter.
minals on the rear panel carry
binary signals relating to 1the
knob settings for the channels
in question, for computer inter-
facing

Technical Data

The 55N10 LDA Frequency
Shifter comprises the following
modules:

BEN11 Frame with Wother
Board

55N12 NMiner Umit

55613 LAY Exaiter Unit

55N14 Frequency Shift Gener
atos Unit

55NTH Fixed Divider Board

55N1C Power Supply

e e
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A one-channel setup comprises
the foliowing enits: 55N11,
56N12, 55N13, 55N14, BENTE,
B5N16. Expansion 10 & two-
ckhannel setup is effected by
adding two extra sections:
B5NTZ and 55N 14,

55N11 Frame with Mother Beard

Consists of two D subminiature
S-spole female sockets with
locking springs. The sockets are
designated FREQUENCY SHIFT,
DIGITAL QUT, CHANNEL 1
and CHANNEL 2.

The binary output of the DIGI-
TAL CUT sockets indicates the
setting of the FREQUENCY
SHIFT GENERATOR UNIT.
Qutput level is standard TTL
with @ fan-out of 4 per pin.

55N12 Mixer Unit

PM Input
Input impedance: 50 1

Input voltege range: 10 u Vims 10
2.5 mVims

Input frequency range: 10 MHz
to 50 MHz

Equivalent input white nolse
spectrum: Typically 4 nV/y Bz

fLo Input from 55N14

Input impedance: 500 £ /560 pF
Input voliane range: 70 1o 100
mVrms

input frequency range: 30 MHz
10 50 MH:z

Rixer Out

Output impedance: 50 £2
Conversion gain: Typically 15dB
Qutput frequency range: 1 kHz
0 20 MH:

Gutput valtauge rangs: 66 pV to
14 mV :

Anode catrent indication signal:
Prax. 200 uA.

bt vttt T T

The DISA Type 55N10 LDA Frequency Shifter.
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55N13 LM Exciter Unit

General

Output frequency fp :

40 MHz = 4 kHz

Freguency drift: 12.5 ppm
Frequency drift or frequency
unstability is a term expressing
the maximum change of fre-
quency relative 10 40 MHz
taking place over & temperature
range from 0" to 60°C.

40 MHz Output to Bragg Cell
Qutput voltage {adjustable):

0.1 Vrms to 1.7 Vrms into 50 §2.
Cutput voltage, DC, unloaded:
15 vbC

Output veoltage at max. 300 mA:
12 vDC

{lcad 50 £ plus buil-in 10 2
limiting resistor)

40 MRz Output to 55N15
Fixed Divider Board:

Cutput Valtage: 40 mVims into
50 22

55N14 Frequency Shift Gen-
erator

Cutput frequency: 40 MHz =
(1,2,...,9) x {10, 190, 1000)
kHz.
Long term frequency diifi: As
tor B5N13 (frequenry tocked)
Short-term frequency ripple
(jrtter); Typically = 50 Hz.
Qutput voliage: 70 10 100 mVrms
funfoaced)
Cutput impodance 50 53
Sputioos frequencios Better than
30 dB relutive to g
FREQUENCY IN KH7 selector:
9 posstian swiich selects factors
bietween 1 and 9 L Hz
MULTIPLIER selector:
G-position switch selects both fre-
quency mulaiphicstaen factor and
sign of frequency shift (+ when
fo > 80MHz, whenfo
<40 WMz}

Input frequency: 2.5 kHz (40,
MHz divided by 18000)

Input voltage: TTL level from
BEN15

55N 15 Fixed Divider Board

Input frequency: 40 MHz from
55N13

Input voltage: 40 Vrms

Enput impedance: 50 £
QOutput valtage: TTL level to
55N14

Qutput frequency: 2.5 kHz
{40 MHz divided by 16000}

55N 16 Power Supply

Line voltage: 100, 120, 140, 200,
220, 240 VAC, 50/60 Hz. Stabil-
ized against line voltage vari-
ations of * 10%,

Power consumption: 40 VA
QOutput voltages: Stabilized O
+5Vand+15 V

Fuse: Slow-blow, 5 x 20 mm;
110 VAC: 0.63 A

220 VAC:0.32 A

Additicnal Data

Ambient temperature range:
+5° 10 +40°

Dimensions {HWD):

150 » 440 x 420 mm
Weight: 8.5 kg {2-channel
version).
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57G20 Buffer interface

R et o rE e

Features:

* Provides communication be-
tween DISA Ecientific Re-
search Equipmont and &
PDP-11 Coniputer

% Real-time data 10Gging rate up
to 1 MHz (10 Mtz optional)

+ Simultanrous events i6gging in
multichanne!l setup

* Butfer of any length
{expandable buffer)

* Four double line input
channels

* Eight outputs Tor control of
camputes-operated auxiliary
equipment

+_Mdeal for operation with 55120

ounter and 55N20 Tracker

% Highly versatite

Introduction

The DISA 52G20 Builer Inter-
face system comprises a frame
and a ling of circuit hoards for
interface signal procassing.
Units:

57802  MNamm Frame

57G106 Control Logic

£7G113 Output Demulte-
plexer

57G120 Input Multiplexer

57G127 Output Logic Buffer,
Yk

57G134 Buffer Memory, %k

- +5V/- 12V
DC-to-DC Converter

—_ Coincidence Filter

- Serial Transmission
Line

Fze 57B02 Main Frame has a
Q’nk front pancl and a rear
panel carrying a poveer supply
tarminal. The Frame has a 40
channe! series-operating back-
plane ang vl accominodaie up
to 10 circuit boards

The 576106 Controd Loaic cir-
cuit board cantrots d 1@ reading:
I gives a priority arder to the
input chanrels in ce v of sinwl-
tancity, engbles single or double
input on the channels, muiches
input data to the bufler reaisiers,
and controls timing interaction
snd intormaticn in coe of buffer
overinad, A sockei for system
seti-testing is provides

The B7G113 Quiput Dumulte
plexer is a self-cortamed com-
murnications circurt board, 1t
demgttiplexes autput from the
PHP-11 into g.oht channels, 1wo
of which are used 10 conrnt
functions (time bowe ranoes, €10}
of tho DISA Counter Trorrer
The 2o are aval Ll (07 your
cormputer ontrolled e
Selup, e.g raversing.

Jsu1ing

P - e
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The 57G120 Input Multiplexer
board has four doubie channels
each of which connects through
& 40-conductor flat cahle to

your DISA Counters/Trackers
{ordering no.: 06A214 Flat
Cabie}.

The 57G127 Output Logic Buf-
fer board comprises 2 variable:
length butfer register (maximum
.k 15-it words), control Togic
for autput data, and a = 5V/ 12V
DC to-DC converiar, This board
bufiers random asynchronous
signals from your messuring
setun into synchronous signals
matching the Comauter,

The b7G134 Butfer Memory
boards are used 10 expand your
biafies capacity, each board by
e

The = 5V/- 12V DC-0-DC Con
verser board powars the 575134
Bufler Memories.

The Comncidence Filter boord 18
intgnrged mamnly for twe or
three dirpenstonal velocity vector
e 2suremenis. 5T blocks the Input
Lultploxer € xgepl in cese of data
caincicence from the actoal
chanpels, Tios feature s of im

Ja a0 iy CrO‘i?CU.’!E!BlIOn com
petetons Tne comncidenee une
VoG 15 computet controtled.
Tre Sena! Transnussion Line

tre ot m conne ction) board

trablen cperation of your
FLECNE N SETUR I COnunCLie:
vaths @ femote Computer, e o a
contead Lorputer.

e s e, S s i

The 57G20 Buffer Interface comprises & cabinet, {lat cables,

i i A

s i

and circuit boards. Holders for rack mounting are also included.

Technical Data

57B02 Main Frame
Backpiane

2x41-pole bourd connectors

Number of Circuit Boards
Aax. 10
Power Supply

45V, max. 10A

Kear panel socket: Fischer

F-400A002+F
Dimensions {HWD)

133 x 440 % 426 mm
E7G106 Controt Logic
Conire! Functions

Computer handshake, priority

order to nput charnels, single

or double input to channels,
adaptation uf inpat data to
buffes reaisier, overflow
indication of buffer, system
self-testing.

Power Supply

45V, 25L0mA
576113 Outputl Demuitiplexes
Irput Terminal

40 pote 20 34321002 {matng

piug type. 3617 3000 - 3490 5]
Demeitiplexer Qurputs

6 TTE compitbhie eaternal out

pute 116 pan DI sockets)

2 auipute en.ployed nside in

SFL e
Ot Sopnat

12 bt woid = teicrence ground

and new Joto ready hne
Power Supnly

Weight
4 ko

BV, aUTmA

57G127 Qutput Lugic Buffer
Buifer Register
16-bit words, maximum
length %2k
Input Rate
Max. 1 MHz {10 MHz
optional)
Conirol Logic
Generates handshake 'to
POP-11
DC-10-DC Converter Output
+5V to - 12V, 100mA (1 MHz
version only}
Quiput Terminal
40-pole 30t 3432-1002 {mating
plug type: 3417-3000 + 34905
Power Consumption
15V, 1.3 A
57G134 Buffer Memory
Buifer Register
16-bit words, maximum depth
ik
Input Data Rate
fhax. 1 MHz (10 MHz optional)
Power Consumotion
+5V, 500 mA
12V, 90mA [1 MHz version
anly}
DC-10-DC Converter
Powver Supply
+5V, depending on load fmax,
3.5 A)
Cuiput Voltage
1, max 1.2 A

13




‘ducational LDA System

-
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Features
* Exiremely easy to setup
* Very easy {0 operate
* Measured velocity vector
rotatable through 80°
This tracker-based LDA Sys-
tem operates in the reference
beam mode featuring extreme
ease of aptical atignment: Mount
the B5LBT Dptics on the laser
head, sefect the proper front
lens, and direct the 55L11 Diode
Detector ante the ineasuring
point with the reference beam
impinging the Diode aperture.
The system is well suited for
water flow applications and the
optical Doppler pedestal re-
moval secures a very high S/N
ratio.

e St i,

|
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System Data
Mode of Operation
Reference beam mode
Flow Medium
Water
Velocity Range
2 mm/s to approx. 50 m/fs
Turbulence Intensity
Max. 30%
Distance to Point of Measure-
ment
120 mrn resp 300 mm

System Units

One 55N20 Doppler Frequency
Tracker

Cne 56167 Optical Unit

One Retarder Disc 9055C6101
One 55011 Diode Detegtor

Low Velocity LDA System

Features

* Easy-t0-tperate system

+ High sensitivity of photo-
multiplier

* Measured velocity vector
rotatable throuch 907

The low velocity tracker based

systern will operate in differential

Doppler mode in water flows or

moderately scedzd air flows.

Due to the extremely hich

sensitivity of the Pi-tube this

systemn is suited for flows wth a

particle concentiotion corre:

sponding to only a single pat-

ticle in the megsuring vo'lume at

a time.

“
e

; i B X — )

—— : rd

i b e FUSEL AP S AP TIPS I P R

!

o,
B.Lg
|

d

L;-a..-.u.-v.mn.'.’.a.mnmu—-—l—d_.uﬂ.h'-

Systemn Data
Modes of Operation
Dif{erential Doppler mode
Flow Medium
Air {gas)
{Water)
Velocity Ranga
Approx. 2 mm/s o0 50 m/s
Turbuience Intensity
Max. 30%
Distance to Point of Measure:
ment N
120 mm resp. 200 mm

Syitem Units

One 58520 Doppler Frequency
Trarker, incl,

55197 High Vattage Supnly Unin
Cne B51LET Optical Unit

Crie BLL 10 Phoromuluiplier

Coaxial Laser System

. "

o ——

P e aa i maalt e Lt g
Features

+ Compact LDA optics
* Tracker-based or counter-
based system
* Rotatable optics through
360°
+ Wide range of front lenses
The coaxial Yeser systerm has
adapters for mounting of most
commergial ieser heads. The
LDA optics is light and compact,
but the limited power of today’s
¢oaxial laser restricts the veloc-
ity range to low and mediurm,
The flexibility of this system
ensures measurements of one
and two component farward
scatier satups - three different
beam separations - nine different
front lenses are available.
You have a choice of selecting 2
tracker-based system which is
well suited for liquid measure-
ments or 8 counter-based system
optimized for gas flows. In both
cases operation of the systems is
easy, featuring a mean velocity
display direct in m/s.
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E5N20 Doppler Fregquency
Trocker
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System Data
Modes of Operation
One component forward
scatter in differential or refer-
ence beam mode
Two component forward
scatter reference beam motkws
Flow Medium
Tracker-based System: Liguid
flow and highly seeded air
flow
Counter-based System: Low
seeded gas flow
Velocity Range {5 mW coaxial
Iaser)
Tracker-based System:
Approx, 2 mm/s to 50 m/s
Counter-based System:
Approx. 2 mm/s to 100 m/s
Turbulence Intensity
Tracker-based System:
Max. 30%
Counter-based System:
Max. 50%
Distance to point of Measure-
ments
80 mm to §.5m

System Units

One or two 55N20 Doppler Fre®
quency Tracker, incl.

B5L 97 High Voltage Supply
or

One or two 551.80a LDA
Counter Processor

One 55X51-59 Front Lens
One 55X23 Support

One $5X24 Beam Splitter
One 55X26 Beam Splitter
One 55X28 Beam Displacer

55X24 + 55X 28 {or single ch.
diff.fref. mode

B5X24 + 55X26 for 1wo ch. ref.
moda

55X 26 for single ch. diff. mode

Orne 55X33 Len: Mounting 8ing
Cna or two BHX08 PM Section
One or two 55X34 P Optics
Ore or two B6X38 Interference
filter {at high ambient light leve!}
Ore 55X19 Loser Adapter

One BHX43 Tripod

— 7 v
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uipped one velocity

ant anemometer

your flow setup from

only

1 velogity vector

: through 180°

acity range and

e intensity range
flows with zero mean
als

atier system covers
ow studies. The LDA
uipped with optical
hift section and back-
on mounted together
W laser constituting a
highly stable setup.
nvestigation setup is
ym one side only, and
will measure the fluid
1 fiow with extreme
ity.

ptical and electronic
nifting the velocity

i systern has great
Vhen operating the
the 55N20 Tracker
1 the mean flow

h sign, (indicating
). Any frequency
matically compen-
ted as both a

o system or & coun-
itern the frequency
ity intreduces a few
ntrols only.
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Systemn Units

One 55L90a LDA Counter Pro-
cessor

or

One 55N20 Doppler Frequency
Tracker

One 55N10 Frequency Shifter
{1-ch. version)

One B5X55-59 Achromatic
Front Lens

One 55X08 PM Section

One 65X12 Beam Expander
One 55X21 Cover and Retarder
Two 55X23 Supports

One 55X24 Beam Splitter, pol.
633

One 55X28 Beam Displacer
One 55X29 Bragg Cell Section
One 55X30 Backscatter Section
One 55X22 Bearn Translator
One 55X33 Lens Mounting Ring
Cne 55X34 PM Optics

One 55X38 Interference Filter
One 55X42 Mounting Bench (for
15 mW laser}

One 55X43 Tripod
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Counter-biased syLlerm
with Frequency Stufter

Two-Color LDA System

Features

* Two-dimensional flow field
investigations

* Unseeded or sparsely seeded
fluid flow measurements

* Reynolds shear stress deter-
mination {(correlation)

* Supersonic flow measure-
ments

Providing simultaneous measure-

ments of two perpendicular
velocity components, the Two-
Color LDA Sysiem operates in
differential Doppler backscatter
mode. It utilizes the two
strongest laser lines of an argon
ion laser {green and blue lines)
and the high output of the
laser is of importance in super-
S0NIC Measurements.

The electronics comprises two
55190a Counters and a two-
channel version of the 55N10
Frequency Shifter.

System Data
Modes of Operation
Two compenent two-color
forward scatter end back-
scatier modes
Frequency Shift
Optical and Electronic
Flow Medium
Gases and liguids
Veiocity Range
Approx. —300 101500 m/s
{fach 5)
Turbutence Intensity
Infinity
Distance 10 Point of Measure-
ment
80mm1ic 1.2
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System Units

Two 55L80a LDA Counter
Processors

One 56N10 Frequency Shifter
{2-ch. version}

Two 55X08 PM Sections

One 556X12 Beam Expander
One 55X 20 Cover and Retarder
One 55X22 Beam Waist Adjuster
Two 59X23 Supports

One 55X256 Beam Splitter

One 55X27 Beam Splitter

One 55X28 Bragg Cell Section
One 55X30 Backscatter Section
One 55X31 Pinhole Section
One 33X32 Bean Translator
One B5X33 Lens Mounting Ring
One 55X34 PM Optics

Gne 55X35 Color Separator
One 55X36 Interference Filter
{blue}

One 55X37 Interference Filter
{green}

Cne 65X41 Mounting Bench
(For 5 W Argon lon'Laser)

One 55X40 Accessories

One 55X43 Tripod

Two 55X44 Instrument Boxes
One 55X55-59 Achromatic
Front Lens
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Two 551 90a L DA Counter Pro-
cessors and & two-chatinel version
of BENTO Freguernicy Shifter
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slocity measure-
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e setup, e.q. travers-

1ecking programs
rrect operation

ware
ymputer System is
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@ instrumentation.
ytics maiching your
ring setup is selected
ed 10 a tracker-based
ased processing
The DISA 55N20
quency Tracker and
LDA Counter Pro-
figital output ter-
irect connection to
iuffer Interface. The
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th the desired buffer
ther controd func: -
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ynnected to a PDP
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ed without any
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Example of a complete LDA fnstrumentation com,orrsmg Two~CoIar
LDA Optics, two LDA Counter Processors, Frequency Shifter, Buffer
Interface and Computer with keyboard terminal.

Software system
The DISA software system is

designed as a number of {i-

braries and as stand-alone pro-
grams. The distribution media
are punched paper-tape and
floppy disc. Having access to an
operating system, the user can
generate his own cafculation
programs and controlling
facilities.

The following libraries are avaii-
able:

Group O:

This is a collection of test pro-
grams, which makes it possible to
make hardware diagnostics in a
very simple way. This library is
always provided as a cotlection of
stand-alone programs.

TEST: starts collection of data,
and checks different facilities.
HELPME: is a separation test
program. Using this program the
hardware error area can be deter-
mined.

Print-out on rmonitor screen of
the processing prograrm
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OUT: checks all optional cutputs
from the interface. Further there
is a command system for manuat
testing.—.

Group 1:

This is the data processing sub-
routine library. The primary
design criterion has Leen data-
collection speed. The second
criterion is the best possiple use
of the memory area.

COLLEC: takes the arguments
from the main section or any
appropriate subroutine to set up
the mode of operation, number
of samples, and so on. In the
standard version COLLEC
supports 2 double channels.
COLLEC s device independent.
SORT: is an optional subroutine
used to sort random data, if more
thar one channel is used. This
procedure is time-consuming,
and should be avoided in the case
of non-random data.

Data list showing velacity and
time mformarron

Lo
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We reserve the right 1o make, without notice, such chenges in our
published data as we may deem necessary or desirable.

v

TRANSF: is a level transiatir, i
routine used to establish coingy.
dence between the internat
compressed format and the yser
format.

OQUTP1:is a data transmission
program used to organize the
transmission of collected data 1o
a storage device or a backgroung
computer.

SCAN: gives high-leve! controi
over optional outputs, traversing
controi, ete.

Group H:

This is 2 collection of calculation
subroutines. They are all generay
ed in FORTRAN, and they can
be supplied as user written
routines or changes. They are all
called from a main section, and
they must have access to group

| or a similar library,

PATA: is the high level data C:\-
transmission program. It calls
TRANSF, and calculates data in
user units,

DATAI: is the data-list program.
It is used as a diagnostic program
to check the setup.

MOMEN: calculates the moments
of the distribution function.
HISTO: generates the histo-
grams for all available channets,
CORR: calculates possible com-
ponents of the correlation func-
tions, both auto- and cross-
correlations are available.

SPEC: calculates the spectra
based on the correlation func-
tions.

' 0

Histogram showing velocity

distribution
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