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APPL ICAT ION OF THK SPKCKLK PHOTOGRAPHY METHOD 

FOR ANAL IZ ING THK FLOW VELOC ITY F IKLD 

Modzel P. 

A paper contains a s hort description o f  a s peckle 
photography poss i b i l i ty in f low ve locity field 
measurement . Supporting on time interva ls between 
following recordings and displacement of markers in 
the f low , the veloc ity components i n  t he f low , the 
calculation of veloc ity vector components in every 
po int of the tested area is poss i ble . 
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T he s peckle photography method is used mainly for 
measur ing dis placements and deformations of t he surface of 
s o l i d  bodies . It cons ists in uti liz ing the effects of the 
so-called s peckl i ng , i . e .  forming at the front of the surface 
of an object i l luminated by coherent l ight a granular 
structure being c losely corre lated with the s tate of this 
s urface ( F i g .  1 ) . The fami l ies of the s tructures recorded on a 
l i ght-sens i t i ve mater ial and correspond ing to the success ive 
load ing s tates of the object be ing tested possess the 
properties of the diffraction grating ( F ig. 2 ) . 

Fig.  1 .  F ig. 2 .  
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Fig. 3 .  

Information concern ing the displacements of the surface be ing 
tested is obtained at the stage of the analysis carr ied out in 
the s ystem presented in F ig.  3 .  A narro� beam of coherent 
light passes through the image be ing recorded . As a result of 
diffraction . interference patterns appear on the screen 
placed at a distance L from the specklegram. 

By meas uring the distance between the patterns and their 
inc l ination angle to the coordinate system assumed we 
determine the va lue of the d i splacement vector from the 
dependence ( 1 ) . ( 2 ) .  ( 3 ) as �ell as the va lues of its 
components in the coordinate s ystem: 

where : d 
s pecklegram 
patterns . p 
angle of the 
accepted . 

I d l = � ___ 1��_�_�� 
2 pa 

u = I d l s in P 

v = I d l cos p 

( 1 )  

( 2 ) 

( 3 ) 

displacement vector . L distance of the 
from the screen . a distance bet�een the 
- photographic magn i f ication . p inc l inantion 
patterns in relation to the coordinate system 

The direction of the d i s placement vector is always 
perpend icular to that of the interference patterns . The 
condition for making the meas urement is the occurrence of 
displacements being larger than the size of the s peckles being 
obs erved . 

The adaptation of the presented method for meas uring the 
instantaneous velocity in to two- phase f low cons ists in 
replac ing the record ing of the s peckle structure with that of 
the images of partie les f loated in the flow of l iquid or gas . 
The attempt to apply the spec kle photography method to test 
flow phenomena is connected w i th the fact that the ve loc ity 
measurement techniques used 50 far are subj ect to numerous 
defects . For example , contact techniques s uch as velocity 
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measurements by means of towering probes or turbines causes 
d isturbances in the measurement area and fair ly large 
averaging of results . Non-contact methods based usually on the 
combination of visual and photographic record ing of the 
phenomena being tested make it poss ible to obta in qual itative 
information in the processes be i ng  investigated . As a rule 
the univocal deformation of the value of the velocity 
vector in an optionally c hosen po int is not possible on 
account of the difficulties in ass igning the place of the 
initial information carrier about i ts movement in the course 
of recording . 

The co09truction of the measurement stand is presented in 
F ig. 4 .  

Fig. 4 .  

1 - flow c hannel with a flange 
'" = 68 mm ,  

2 - release va lve o f  5 mm '" 
flange , 

3 - source of coherent light , 
4 - s hutter ( impulse divider > , 
5 - guiding mirror , 
6 - diaphragm , 
7 - cylindrical le09 , 
8 - optoelectronic probe , 
9 - oscilloscope . 

The parallel light beam emitted by a laser ( 3 ) is formed by 
cyl i ndrical lens (7 ) into the so-called " l ight knife " which 
makes it poss ible to separate the optionally chosen 
measurement plane from the s pace of the f low channe l .  In the 
measurements double pulse ruby laser , operating in the 
Laboratory of Holography of the Centra l Laboratory of Optics 
Optics in Warsaw , was used . 

T he recording of two successive locatio09 of particles and 
the a l lowance made for the time interva l �T between the 
exposures make it poss ible to de termine the d irection and the 
value of the instantaneous ve locity vector in each of the 
optiona l ly chosen point of the cross-section recorded . 

T he results given in the present paper have been obtained 
by recording polyvinyl chloride particles floated in the water 
flow through the 18 mm '" channel with a 5 ma '" flange . The 
average flow velocity was 0 , 34 m/sec . F ig. 5 presents the 
diagrams of the instantaneous ve locity distribution in the 
centra 1 cross-section of the f low channel .  
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Fig. 5 .  

'rhe analys is of the one recorded image , in the tllO section 
(2 and 4 mm in front of the f lange ) , was carried out . The 

maximum veloc i ties that have been meas ured were about 1 , 2  
m/sec . The example presented confirms the vast poss ibi l ities 
of the s pec kle photography method in the range of the 
non- contact measurement and analysis of instantaneous 
velocity f ie lds vith d i vers if ied val ues . 
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