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Measurements of Velocity Fluctuation Correlations Using 

a Single-Component Laser Doppler Velocimetry System 

T. T. Ng 

Lawrence Berkeley Laboratory 

University of California - Berkeley 

Berkeley, California 94720. 

Abstract 

Methods of measuring several velocity fluctuation correlations: 

u'v'2, vsuI2,  (uv ' ) 2 , and u t v l( u 1 2  + v' 2 ) using a single-component 

laser Doppler velocimetry (LDV) system were discussed. The methods 

offer an alternative to the more complex and costly two-component LDV 

system for many fluid mechanical measurements. Feasibility of the 

techniques is demonstrated by studying the turbulent boundary layers over 

a flat plate with no wall heating, strong stepwise wall heating, and 

exothermic chemical reaction. 

Contents 

Laser Doppler velocimetry has become one of the most widely used 

techniques in fluid mechanical and combustion experiments in recent 

years. However, its application has been limited mainly to measurements 

io 
of the mean and the root-mean-square (rms) velocity distributions. In 

most situations, velocity fluctuations that are relevant to turbulent 

kinetic energy and momentum transports are valuable in characterizing 

the flows. 

If both velocity components, u in the x-direction and v in the y-

dir.ection, are recorded simultaneously, all the correlations involving 
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the velocity fluctuations, U' an&v', can be evaluated. This would 

require a two-component optical system and two frequency measurement 

units to record two frequency readings simultaneously. The procedures 

and apparatus involved are a lot more complicated than single-component 

LDV measurements. By 'elatively simple methods, however, some import. 

ant velocity fluctuation correlations can be derived from single-

component measurements. 

By measuring the velocity component u and two other components, u 1  

and u2 , at angles of ± 6 relative to the x-axis (Fig. 1), it can be 

shown that 

u 1 ucosO+vsinO  

u2 ucos6 -vsin6  

Using the definition u = U 1  + u 1 1 , where superscript ' denotes fluctua-

tion and - denotes the mean, the following equations can be derived: 

= ti cos e + V sin 0  

11 2 = U cose - •• sine  

= u' 	cose + v' 	sine  

U' 	COSO - 	V 1 	5flO  

The derivations of V, 	
2,  and the Reynolds stress from the three velo- 

city measurements, as described by Durrani and Greated 	are summarized 

below: 

V.  = 	- ç)/2 sine 	 (7) 
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+ u2 ' 2 )/2 - 17 cos2e]/sin2 o 	 (8) 

u ' v '  = (u17 
 - u 2 ' 2 )/4 cosO sinO 	 (9) 

These procedures are quite standard and have been used in many studies. 

Several additional higher order correlations, however, can also be 

derived form the same measurements. 

Measurements of u'v' 2  and v'u' 2  

For convenience of further discussion, define 

k 1  = u '2  + V' 2 	 (10) 

By evaluating (i) and (2), the following equations are obtained: 

77 = 	case + 3 u'v' 2 	ri cosesi 2e + 3 u' 2v'cos 2OsinO 

+ V 	sin (11) 

	

u2 '  = 	coso + 	u'v' 2  cosesin 2 e - 3 u '2v '  cos 2 esine 

- v sin3 6 	 (12) 

Adding eq. (11) and (12), 

	

77 	3 = 	cosO + 6 uv' 2  cosO sin 2  u 	+u2 	2 	 O 

or 	u'v' 2  = (u1 '3  + u2 ' 3  - 2 	cosO)/6 cose sin 2 e 	(13) 

Subtracting eq. (12) from (11), 

u 1  " - U2 ' 3  = 2 	sin3 O + 6 V ' U '2  c0s 2 0 sine 

or 	= (u 1 ' 3  - u 2 ' 3  - 2 ;-;- sin 3 O)/(6 cS 2 O sinO) 	(14) 
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In some situations, it may be inconvenient to measure v directly. If e 

is chosen to be 60° , the following can still be obtained: 

v'k 1  = 	- u2 ' 3 )/(3v'3/4) 	(with e = 600) 	(15) 

Measurements of u'v'k 1  and (u'v') 2  

By evaluating (i) and (2), the followings are obtained: 

u 1 	= 	cos 4 G  + 4 U'V' 3  cosO sin3 O + 6 u' 2v' 2  cos 2 O sin2 O 

+ 4 u '3v '  cos39 sinO + v 	sine 	 (16) 

* 4 - 	
cOS4 O - 4 U'V' 3  cose sin3O + 6 u '2 v '2  cos 2 O sin 2O U2 	-U 

- 4 U' 3V' cos 36 sine + v 	sinO 	 (17) 

Subtracting eq. 17 from eq. 16, one gets 

U 1 ' 4  - U2 ' 4  = 8(u'v' 3  cosO sin3 e+ U' 3V' cos 3 O sine) 

If 0 is chosen to be 45 0 , i.e., cosO = sinO = 12/2, it can be shown that 

.4.4 
u'v'k 1  = (u 1 	u2  )/2 	(with 0 = 45 0 ) 	 ( 18) 

Adding eqs. 16 and 17, one obtains 

('u') 2  = (u 1 ' 4  + U2' 4  - 2 u cose - 2 v' 4 .sin4O) 

	

/ 12 cos 2 O sin20 	 (19) 

Example of application 

The techniques had been used in studying the boundary layers over 

a flat plate with no wall heating, strong stepwise heating, and exo-

thermic chemical reaction 2 . Reasonably satisfactory results were 

obtained. Some examples of the uv' 2  and v'k 1  profiles of the isother-

mal boundary layer are shown in Fig. 2. More detailed results of the 



study will be presented in subsequent publications still under prepara-

tior). 
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