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ABSTRACT 

The Particle Stre ak Tracking Sy stem 

(PSTJ is a fast method to measure two and 
three dimensional velocity fields in e nclo­
sures. For two dimensional measurements a 
lo w cost light sheet sy stem is developed 
based on a commercial xenon lamp. The 
light is transmitted through six flexible fi­
bres linked to three cylindrical lenses form­
ing the pulsed light sheet withou t local heat 
production. To visuctlise the flow small 
tracer partic le s (e.g. helium filled bubbles) 
are used. The image processing program is 
implemente d in a modern operating system 
in order to achieve a conve nient interface 
for the pictu t·e e rn luation process. 

For three dimensional ve locitv meas­
ureme nts in planes a laset· light shee t system 
applying three separate light shee ts with two 
different''- c11·c le n ::,'th cllld t11·0 CCD-camc1·as 
are emptU) c2d .. -\ cJesCl'iption ot' the 'et-up 
11·iJI he gi1·et1 ct 1 1cl tl1c eqJuation p1·nccss will 
he e.\plainecl . . -\ ana!·� sis of rile system 
limitatiuns 11·iil be presented. 
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INTRODCCTION 
Particle-Stre ak-Tracking (PSTJ and 

Particle-Image Velocimetry (PIVJ are use d 
in many technical applications to measure 
the 1·elocity of tracer particles following the 
flow of interest. To ge t accurate measure­
me nts of the flow fi�ld the tracer particle 
have to be chosen with respect to the fluid. 
the desired velocity spectrum. the size of the 
measurement plane a nd the pic ture analysis 
technique. 

Most PIV techniques use correlation 
methods to calculate the displacement vec­
tor of the particles on double exposure pic­
tures. One particle moving in the light sheet 
gi1·es two points in a double exposure PIV 

593 

picture. The distance of these two points and 
the known pulse time give the tracer veloc­
ity during the double exposure time. One 
picture contains many randomly depicted 
particle s and no evaluation criteria can be 
applied to identify two separate poi nts as a 
particle displac ement vector. Statistical cor­
relation me thods have to be used to find the 
average displacement of a group of depicted 
particles. These methods nee d a group of 5 
to 20 depicted particle s for every vector in a 
small area of the measurement plane. To get 
a reasonable amount of vectors in a plane it 
is necessary to provide a high number of 
tracer particles and a uniform particle distri­
bution in the flow field. 

In room airflow the desired me asure­
ment plane area should be more than t\1 o 
square meter in order to e xamine this kind 
of Clows in a 1·e,1sunah!e ti me inten-ctl. FDr 
PlV rneasu1·ements 11 ith ...J.() '20 V-:ctors i11 
an are a 01· 2 m · usin!! a li:o!ht sheet thickne's 
of 0.0 I m more tha�1 -�Ocl.000 pMticles rcr 
cubic meter ha\'e to ht: emitted in the enclo­
sure. With incre asing panicle diameter and 
camera distance it will be difficult to detect 
the particles in the light sheet because the 
reflected light will be blocked by the parti­
cles located between sheet and camera. 

The Particle-Streak-Tracking ( PSTJ 
methods needs only one Lkpictecl P'�rticle in 
the light sheet  for C\'er;. displacement 1-ec­
tor. Particles can be rnnclomlv distributed in 
the measurement area and thus. onlv low 
particle densities are necessary for this 
method. Larger particles c an be used to de­
crease the necessary light intensity in the 
she e t  result in g in less expensive light 
sources. Also. the light sheet thickness can 
be increased for a t�1rther decrease of the 
necessary particle density. 

For airflow measurements i n  enclo­
sures small helium filled bubbles are used as 
tracer particles with a diame ter between 2 
and 3 mm. More than 500 bubbles per sec­
ond are produced with a bubble generator 
from sage action, inc., USA. These particles 
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r 1 1  w the airt1ow almost perfectly as the 
diameter cun be ad ju. ced in order to gee 
bubble: with a density comparable to air at 
different room temperatures. Depending on 
the ;iir temperawre and che humidity the 
tracer pmticles will evaporate within 2 to 5 
min. These tra<.:er particles c.in be used to 
me:i�ure airtlow elocities in planes of more 
than 2 m� and do not cau se pollution prob­
lems in field me:.1suremen1s. 

LOW COST 2D-SYSTEM 

. xenon lump is the light source for 
the sheet. The light beam passes th rough a 
mechanical s h utter and i · focu-;ed into a . e1 

f 6 111 I n!?. ribres. Th li2ht is 1hen emitted 
rhroug-h three cylindrical lenses forming the 
li!!ht sheet insitie che enclo ure. The locat ion 
of the thl'ec l en::.es c;rn be adjusted to the 
geometrical requirements with respect to a 
uniform l i ght inten:ity in 1he s heet. The 
thickness of the l i ght sheet is around 0.1 rn 
in a t.li�tance or I m fr m the cylindrical 
lens.:s. mcclwnical shuticr -::.y ·1t:m i s in1-
plc111enrcd i1110 the lighc sm1rce. The pulse 
duration .\l c.in e vmit.:cl by tl contml ·ignal 
l"rnm a c mputt:r program and may be nd­
justed to the tlcnv si !ll u1ion >f ;nc rest l.1y the 
gear between l he electrical engine ancl the 
�hop1 er whe�·I. Thi' ::-.huucr system create:' a 
pul� scqucm:� consi-;ting 1f one l�111g pul:e 
tollmn::d tw a -..hon break t111d tlwn a ·h1 rt 
rul'C tn •.krcc:t lhe tlc)\\' dirc:clion. Due tu the 
/1111'! fil11·e this li\lht _-;1:-;krn rnaintain' mn­
hili[,. <incl the li�ht. -;�1urce c111 be placed 
\1ut,ldc the 111<:<1,u1"<:'rnc11t a1·ca. :\o 11.:at !!C:!l­
cr<ition w il l diqu1·b the flow \\'hc1·e -the 
'11casurement' will be taken. 

Cyh ndncal � lenses -....-:----� I' 
Sl1utter F;b" v . .. .l'.J'L . r � .. Xenon tamp \ • . , • ' 

-11· • . - -
/: , . ,· 

; 
• 

-220 I/ ci . Ir:'.'.'." . . . .. 
Control box Bubble :· .. '"('" •. �: l generator � :.:.-· ·:·..-::- ·::_ '..:· ··• ·b�"·;: .. ·; . .  

"' �- . Dittu�or Air Hehum 

- Computer Digital camera 
�j@_ with data storage 

Figure I Lim cost PST system 
Difft:rent types of CCD-Cameras can 

be used to take digital pictures from the 
buhble motions in the li2ht sheet with a 
rc�olu1ion up t 2000*3000 pixels. The 

D-Camcra is controlkcl al 11- with 1he 
shutter s yslem y the exrcrnal-c mplltcr 
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system. In this study Kodak DCS 200 cam­
eras with a resolution of 1524* 1 012 pixels 
will be used. 

PICTURE EVALUATION PROCESS 

During che camera pen ing time. one 
or more pul ·e sequence will be generated 
by the hL\lter ·ystem . The number of pulse 
equence will control the amount of trea · 

in th e digital picture. The evaluation of the 
digital image of the tracer partic les is per­
formed auiomati.�ally b a prognm code 
developed a1 WUK ba eel on the program 
NfH-IMAGE for Apple Power PC. Thi 
program code searches streak combinations 
in the digital picture which have the char­
act eristics of a puls e  sequenc e. 

Short pulse (.�t) Long pulse (2 6t) 

Figur e 2 Typic<tl streaks (PST) 

To find this streak combination auto­
maticall ·in the digital picture' ith 255 grey 
values has to be cimvenecl int a binary one. 

he binary pit:ture should only show the 
:;treak: :md no light retkcti\ n t"rom tht.: en­
closure. Two or mnre pictures from one 
experimental set-up c�111 be used to generate 
a mask hv takin!! tile d<irke't 2:\'C:V value \)t 
c\c:ry pi\el in �ii irnag,;-; Tlie ·randomly 
di�tributed streak.' \\ill \:lll1·d1 in the ma�k. 
Ori Iv li!!ht rdlecti1111 ,,·hich \\ill :1i'r c·ir 1.111 
cve1:. plctun: of one ;.ct-up will he lct't as 
su1"1'ace of li\!hter \!rev. This ma�k i)o. .�ub­
tractccl from '"ewrY �p ·'f i mu!!e. A lkr fi I tcr­
i n!! ILi reduce noi�c lhc prug�ralll choose� a 
thre::.hold \'uluc hased on the gre y value 
hi.; t o11ra111 for �ri.:atill!! a binurv imu�e. F r 
pictu�s \\·ith -.1rcak · <;r t.liffcrc1i1 grey- \":due-; 
c1used bv !he li2 ht ... hc1.'L intc.:n,itv di:ll'ibu­
tion or Jifferent 

�
particle \"d(1ci1ics it is pos­

sible to analy:c the picwre using a sel of 
threshold values automatically. 

Figure 3 Grey value pic ture, fi ltering . 
threshold . 

The progra m s earches inside the bi­
nary picture for connected areas and fits an 
e llipse to each area ( Rodieck. 1 995). As 



result of this fit every area is characterised 
by the following parameters. 

I; - length (major axis) 
t; - thickness (minor axis) 
X; - ellipse centre x position 
Y; - ellipse centre y position 
a.1 • ellipse angle 

Tracer 

/ 
X; 

Figure 4 Ellipse fit for streaks 
The algorithm looks for a short (S) 

and a long ( L) streak with a distance equal 
to the length of the .;hort streak. If such a 
configuration is found different criteria \vill 
be checked to prove that this streaks are 
caused by the same particle in the light 
sheet. 

I . 11• L - 2 J; s < .!!!•l I 1· L . .. 1 .. 

1 I Yi. -� 1.S I 1ui.L - �1rctan ·: -. - < c.1.101 
I .\;.1_-X1.S 

3. lt· 1 - t· �1' < -�!.L Ii.. I,) I{)() 

-J.. l;.1_ <-"�·'I 
t,.s 

· - I - I  p, = \' .J.xC + D.v2 - 1.L 1.S 
- . I , I / 

P1 -P1 =PJ.J.!.Lp1 - !00 
The first check compares the length of 

the short and the long streak. the second test 
calculates the ane:le difference between the 
long streak and the centre points of both 
streaks. Test number three compares the 
streak thickness. test number four examines 
the shape of the long streak and the last 
check rnlidates the b1·eak between the two 
streaks to be as lone: as the short streak. To 
get the best result i� the evaluation process 
the quality of different criteria·s will be cal­
culated and saved for every vector. All 
quality criteria are evaluated relative to the 
selected tolerance levels (tol). If one streak 
belongs to more than one vector then the 
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ve.cto_r w i th the l?wer su".1 of the quality 
cntena Q value will be valid. A picture can 
be analysed at different threshold values. 

Qi = J..Q_Q l;.L - 2 l;. 
iwl l;.L 

lai.L - arctan Yi.L-Yi.S I Q X1.L-X1.S ., = - Clio! 

QJ = 100 lti.L - t;.sl 
t101 max {t;.L - t;.s) 

Q = (� _ S ) I ILL 
4 I to! I 1.S i.S 

5 
o = I o; : o s Q s s 

i=I 
After a successt-ul \'aliclatiun 01· all 

streak combinations the \-elocity of each 
pmticle can be calculated by applying the 
known opening time ut' the shutter system 
and the distance ot' the C<trnera to the light 
sheet in combination with the focal distance 
of the camera lens and the sheet . The di-;­
wnce het11een the cent1·e pPinls ()t. the lrn1g 
:tnd the ..;hon s11·eak �· :111 lie l'akul:tlcd \\ ilh cl 
scale factor knm1 n frcim the e\11e1·illlent:t! 
,e t-ur. The time hct\'.een this t\\:1 p(1111Ls j, 
2 :'i �t and the \Clucit: ut· each 1rcic·er p�1rticle 
can be c a lculated. The e1·alu:1tion process 
for one picture takes kss than one minute. 

The user can define two reference 
points in the picture with known glubal po­
sitions. The program converts all picture 
locations to global enclosure locations ap­
plying the reference p(1ints. the pictme and 
the camera set-up . . -\ serie-, of p ictu res at 
different locations can be combined to one 
plane. 

The vector data from one or more 
pictures can be interpolated with different 
methods. A simple a\'eraging method as 
well as the interpolation method proposed 
by Abrahamson ( 1988) is included in the 
program. All results are sa\'ed as \"Cctor 
flO\v maps and different data files to be 
compatible to programs such as FieldYiew. 

Under stationary tlow conditions it is 
pos.sible to get velocity measu1·cments of 
different planes within the measurement 
area and thus. it is possible to get an over­
view of the airflow pattern in a large field 



during a s hort measurement period.  A l l  
measurements c an b e  taken applying a 
global reference frame system for the recon­
struction of the whole flow field. 

LIMITATIONS 

The maximal resolution of the digital 
camera limits t he accuracy for calculating 
the distance of the two tracer track centres. 
[f t he locat ion error for each track is one 
pixel the error .:ls for s depends on the 
minimum length o f  a valid streak n111,". 

EPi.\ol = -=-1--- 1009( [nmin = 8 ----'> EPixel = IO'lc] 
;_, 1111110 

If a particle passes the l ight s heet be­
fore the first light pulse starts or leaves the 
sheet during the second pulse the pulse se­
quence will  be incomplete resulting in a 
changed length of one streak. 

s 

Is Is 
Figure S Streak length error ..'ix.1 and ..'ix, 

This el"l"or is contrnllcd lw the first 
\"<ilidati on criteria hecause it 

·
defines a 

111a.xi111um ..;tr.cak len�:nh e1-ro1·. The crrnr ..'is 

i, (tlr a knm\·11 rat iZ1 Clf the true and the 
1ne<hlll'c'Li k11gth pf a ..;tree1k <t' t(l[ll1\V.' 

b .. ,:1 =-=�\'-'-II)()'°; -�-=02 ___,. l-c,,,:, =-V; 

If a particle 1110\ es on a cur\'e through 
1he light sheet the real distance of the two 
centre

� 
points of the streaks is longer than the 

calculated distance s. 

Figure 6 Cur\'ed part icle streaks 

This error is l i mited by all validation 
criteri a  because the ellipse fit calculates 
different ratios for the streak length and 
thickness for curved streaks. 
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E.-\nol< = � _.lL_ I 00'7c- [a = 40° ----; E>.nok = I 2'7r; - 360- sin Q. - -

2 
Using reasonable val idation criteria 

(more than 10 p i xel for a streak. streak 
length ratio 20%, streak angle d i fference 
20%) wil l  lead to an error Jes� than l 0'7c for 
the two dimensional PST system. 

APPLICATIONS 

The described PST-System is able to 
measure low air flow veloc i t ies in enc lo­
sures and technical devices that give optical 
access to the flow. Two velocity compo­
nents are s i multaneously measured in a 
plane with an area up to 4 m�. No laser light 
is needed and thus, the system is easy to 
handle and it is transportable for field meas­
urements .  The inexpensive l ight source is 
not located near the measurement area to 
avoid any heat generation that is able to 
disturb the air flow. The svstem uses helium 
f i l led bubbles as tracer partic les suited for 
field measurement of air flow pattern in 

bui ldings because these tracer pan icles 
cause no pollution prohlem and \'anish after 
a short period of time. 

The fo l lowing figure shows a PST 
picture, a flow map �of <� l e valuated vectors 

and an interpo lation result. 

Validated vectors: 
o.2 mis 

... , ,-,,·· . . ·; . 
:···i, . 

y , . . , 
< • 

x 

: . .-



lnterpolared fl.ow map 

0 2 mis 
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I .. � . . \ 

. .. . 

\ .. '• '• ... ... \ ·, '• \, ... .. 
.

.
. 

' 

" " 
,, ·. 

""' "  .. 

� ' '- - -. '• ".,, ' - -
·. � :t. � . �-:==::: 

· · · · · · · ·  .. . ..... ..... ._ . - ---

. . . .  ,, . ... - __. --

L: :;� ���=:������i�=��� 
Figure 7 
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Example of a room airflow 
measurement 

3D-LASER LIGHT SHEET SYSTEM 

To a-et three dimension:.il measure­
ments two'"' different groups of experimental 
set-ups can be used to evaiuated the parti cle 
movement perpendicular to the light sheet. 

The first group uses stereo p hoto­
grarnrnetric i mage processing with t\VO m 
three cameras placed on different locations 
in a certain distance to the light sheet. By 
calibrating the different camera views of the 
light sheet the three dimensional location of 
c,7ch tracer particle can be reconstructed by 
collinear equations for stereo photograrn-
11K�tn· transformations. Scho l zen ( l 997) 
used

. tlfr., me thod for room airflow 111ea\­
urct11e1H�. Phntoc'.t«1rnmctric image prcxcs-;­
ing 1·ec1uire' clll '\�curate e·q1e1·imental 'd-up 
,u·1:1 ,t l11gh picture 1·e,u!ution to get 't sn1all 
c1 r1i1· t·"r the third 1 clucft\' component. 

Tlm::c dirncn.sion,il methods ut· the 
secvnd group include a depth infornrntion in 
the light sheet. Some methods use two 
u1erla�pping colour coded light sheets ap­
plying a spatial correlation analysis. Brucker 
( l997J ur the PST method. Millier ( 1996!. 
Dinl-:elacker ( 1992) determined the third 
velocity component using a intensity graded 
light sheet. � The new method for the determination 
of the th ird velocity component is based on 
the two dirnension:.il PST system. An Ar­
cron-lon Laser is the light source for three 
�heets with two differe�t colours. The laser 
beam passes a beam splitter and is divided 
into a b lue (-1-88 nm) and a green (51-1- nm) 
beam. The blue laser light is pulsed either 
by a magnetic s hutter svstem (min. pulse 
ti"me _\t � 5 ms) or a ch�pper disc ('1t = 10 
,Lhl. 
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30-0ptics 

Beam Splitter 

l''"��L""j�,.-/' i / 
Mirror l 

� -· l / l Belt Drive 

Choppe�c j � .. 
Figure 8 Laser with beam splitter and 

chopper disc 

Two adjustable mirrors reflect the 
light to the 30 optical system which can be 
placed at a different room location. 

Half-Wave Plate Iris Diaphragm Beam Displacer 

/ / 
Lens Front Middle Back 

S�:eet Sheet Sheet 

Top View: 

'---• }= r-- -- ----

JI) optic �y,�c:n r·(\r 1!:1·�.'� 
Ct)IOLll'Cd lchCt' ltght ,hcct' 

The pulsed lighl pa,scs '111 i1·is dia­
phrngm. a lens system tu inuease tlie beam 
diameter three times and it is 1·ct'lcclecl hy a 
111i1Trn· and a beam splitter tu the cylindrical 
lens forming the middle r)ul,ed ligh t sheet. 
The green laser beam pas,;es an iris dia­
phrag

�
rn. a half \\'a\T [)lc1tc to adjust the light 

polarisatior for the heam di.splac e r . Two 
parallel green laser beams kave the beam 
displacer. The distance of lhe beams t� 
2.7 mm and light intensitv of the two beams 
is controlled by the halt' wave plate. Both 
beams pass the beam sp l itter forming two 
non pulsed thin light. All beams pass the 
same cylindrical lens 1·esulting in three par­
allel light sheets. 

instead of one additional light sheet of 
a different colour this method applies t1\·o 
additional sheets located inside of one col­
our coded centre sheet. T11 o digital cameras 
with wave length filters for each light sheet 
colour are used to record two different pie-



tures from every t racer particle passing 
through the three light sheets during the 
cameras exposure time. 

Cylindrical Lens Particle Track , Laser Sheet � ..,.-----<""""""'"•I 
rt Laser Sheet 

Interference Filter Interference Filter 
(514 nm) (488nm) 

(488 nm) 

Figure 8 30 - PST experimental set-up 

One of these pictu res shO\vs the same 
tracer lines as described for the two dimen­
sional PST-Syst em. The other picture con­
tains two tracks from each tracer with a ve­
locity comp onent p erpen dicular to the sheet 
passing the two continu o us green light 
sheets. 

The an�de u. betw een the tracer line 
and the middle 1 ight she et can be found by a 
simple ge ometrical relatio n using the known 
·distance of the two li£ht sheets and the dis­
placement of th e tw� track centres in im­
ae:e �. 

,-\Jter the an£1e betw een the li�ht sheet 

and a tracer line �has been calcul<tted. the 
\elucit� 11t' the trace1· particle pe1p::ndicular 
to the -;heel cctil he determined. The direc­
tion oi' the particles passing the -;hect mu,t 
he C\ alu;1tcd h\· thc.·non centre onsitil1n t1t. 
the t110 �ree11 ;ind the blue -;hects

' 
01· a inte11-

�ity a11;tl�'.si� ot· the t11·c1 c()ntinunus sheets. 

SHEET DESIGN 
The lig ht sheet design is an important 

issue for success ful three dimensional PST 
measurements. Fi gu re 9 show s the sheet 

parameters. The minimum length of one 
streak is n, . the magnification factor meas­
urement p i';��e I digita l picture is Y1• the dy­
namic ratio n"'jn11110 is D (velocity dynamic 
factor). the ratio of the camera I and 2 
opening times is P and the angle bet\veen 
light sheet and tracer truck is a. 

Pulsed Light Sheet 

canlinuo"Js LiiihrSiie;t" - -0 0ss 030 - - - - - - - - - - - - v 005 CoriUnueus Light:sneet 

Figure 9 Sheet design paramet er 

To measure a min imu m angle 0.11,;0 it is 
n ecessary that a particle passes both light 
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sheets during the camera 2 opening time 
leading to the first design criterion. 

030 + Oos � y4 P nmin tan <Xmin f 
The maximum angle u."'"·' g ives a rela­

tion for the minimum thickness of the pulse 
light sheet to assure that a particle does not 
leave the sheet during the pulse sequence. 
To g et a good accuracy of the third velocity 
component the distance and the length of the 
streaks from th e continuous light sheets are 
limited to nmin and 0.5 n""" leading to further 
desig n criteria for Om and 8n.>" 

030 � y4 nmin tan Cl.111,1x 
r 

s: 11 u � D � 
-.� illl.!L. . --. Vt' co.; Cl.111.ix 

These sheet rara111eters are only the 
limitations for three dimensional measure­
ments and do not describe the possibility of 

a succe ss ful rneasL1rernent of a rartic le lo­
cated somewhere in the sheet at the begin­
ning of the pulse seqllence. To t)rtirnise the 
sheet design it is nccessa1·y to cn111pute the 
number of sL1cees.;t\il 111casLll"Cllk'lll:-. ot· par­
ticles startin'! at a r�1ndo111 lt1catiD11 i11'icle the 
"hcct lnO\ in'g at �1 1 �L!�.L:1 Ill! :--t''->2d \\ id1 �t 1 Jn­
dc11n anQ:1c ct. The ,.-i,I!:•\\ in� 1·1��u1·c� di"C 
C0111f.Hl�c:1 Ll"in� :•i::.: ,.;:·t .1j ,h�:l.�! i'd·: �!lik'!C('-.. 

8ns = IJ.5 o_;u : D = _; : f> = 2 

11 · = 10 Pix.el : \/, := 1000 Pi\e.l 
lllill . 111 

Increasing the pulsed 'heet thickness 
1\, leads to a highe1· ro,,ibility 11f a ·uct.:e,s­
ful t\VO dimen�ional r'ST 1nc-.1sure1n<.:lll he­
cause less particles le�l\ c the pulsed sheet 
during the camera openin!! time. �e1·enhe­
Je:s. che pO'>o\ibility oi' 1m:;M1ring the thin.I 

elocity omponcnt decrea:-e:. as more pani­
cles do not pass the two co ntin u ou s light 
sheets. see figure I 0. 
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8ss 
Figu re 1 0  Possibil i ty of three dimensional 

PST measurements for different 
sheet thickness i\s 

For the chosen parameters it is reason­
able to u�e a pulsed s heet thickne ss 85s o f  
O. l m .  Figure l l sh ows the variation of  the 
continum�s light sheet distance 8�D· A small 
val ue for 8m ass ures that more part ic les  can 
pass both l ight sheets b u t  the accuracy fo r 
large \'<dues o f  a will decrease because of  
the

�
l i m i ted digi tal picture resolution. Almost 

70�c o f  the valid two di mensional me as ure­
m e n t s  get a v a l u e  for the thi t·d ,·e loc i t v 
compo r�e n t .  If t he two c on t i n uous l i g lit 
s h e e t s  a t-e cfo p l aced the pos-, i h i l i t y  for a 
-;ucccssfu l  11 1e� 1.s u n; m e n t  w i l l  dccre<i�e.  

7 0  - - -�-. 

16 O - Successful 2 D  Measurements 

s o -

20 . .... ....... 
/·. · · .

. - . ..... ..... -
1 0  · · . . ,. - - ..._... --

0 .05 m . . . .  . . . - :::- __ 

0 - -· --------·· -'- · · · - - . .  

0 0 . 0 1  0 .02 0 .03 0 .04 0.05 
830 m 

F i gu re 11 Poss ib i lity o f  three dimensiona l  
PST measurements for different 
sheet th ickness 8,D (8s5=0. l m )  

For low particle densi ties the opening 
time of camera 2 can be increased more than 
one pu lse sequence i n  one pic tu re can be 
app l ied . In th is case almos t a l l  val i d  two 
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dime nsional  measurements w i l l  have a 
streak pair for the determination of the third 
veloc i ty c omponent.  Also,  knowing the 
mean flow direction causes higher val ues 
for the possibil ity for three dimensional PST 
measurements. 

PICTURE EVALUATION PROCESS 

The picture of camera 1 contains the 
same streak sequences as the pictures for the 
two dimensional system thus, the identica l 
evaluation process can be app l ied. The sec­
ond camera records two streaks from every 
p arti c l e  pas s i ng b o t h  cont inuo us l i ght  
sheets. Figure 1 2  s hows four streak pairs 
passing these l ight s heets of d i fferent l ight 
intensi ties. 

Figu re 1 2  Camera 2 PST picture 

A fter the anal ys i s  of the s t re a k  se­
quence picture the program searches for the 
appropriate streak com binat ion in the pic­
ture of c amera :?.. Everv s tt·ea k c u rn b i n a t i u n  
has a certa in  dis tance for the sui t <tb le streak 
sequence based on c alc u l a ted tlo \\' a 1 1 g k  u. 
and the known l i ght -;hec:t t h i c kness .  

2 = __§_:._'-' . - .' I ll  U 
Ass u m i n g  a s t t·a i g h t  part i c le 1 11 0 ,· i ng 

inside the l i g h t sheet  the appropr i ate pulse 
sequence for t he streak com b i n a t i o n  is l ll­
cated in a d i s tance £ paral l e l  t o  i ts c e n t re 
l ine. The ratio of the t\\ O streak £rev ,· al ues 
assign the direction o l' the th i T-cl 

·
v e l ocity 

component. 

APPLICATIONS 

Because o f  the complicate opt ica l and 
laser sys tem the three d i mens i onal P S T  
sy stem i s  n o t  suitable for fie l d  meas u re­
ments b u t  it  can be u s e d  for la bo ratorv 
measurements of room a i rflows as well ,{s 
for other app l ication to get h i gh acc u racy 
measurements of all ai rflow velocity co m­
ponents in a p l ane. 
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