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Abstract 

A two-length model based on the integral and 
Taylor scales is developed from the non- 
dimensionalization of the mean kinetic energy balance 
for homogeneous hydromagnetic turbulence. In the 
isotropic limit, the integral and Taylor scales approach 
the Kolmogorov microscale. The homogeneous mean 
kinetic energy balance reduces to a relation which 
defines an equivalent Kolmogorov scale for 
hydromagnetic channel flow. By combining this result 
with the definition of the turbulent friction coefficient, 
an implicit expression can be found in terms of integral 
scales. This expression is given by 

(PP0l1'* u 
where AI = IS known as the Alfven 

B 
number and Re, is the Reynolds number based on an 
integral scale. A correlation for the friction factor is 
determined explicitly using turbulent experimental data 
for mercury channel flow from Murgatroyd (1953). 
The resulting correlation is 

for magnetic fields and Reynolds numbers in the range, 

.4 < B < 1.5 Tesla 

3 . 0 ~ 1 0 ~  5 Re, 5 1 . 3 ~ 1 0 ~ .  
When the magnetic field approaches zero, the friction 
coefficient reduces to 

and 

B=O. 290 f =  L 
& 1 / 4 '  e 

1. Introduction 

In a series of articles, Arpaci (1990. 1987, 
1986) and Arpaci and co-workers (1988, 1986, 1984) 
have extended classical works of Taylor (1935) and 
Kolmogorov (1941) on the microscales of turbulence to 
complex flows influenced by buoyancy, combustion and 
oscillation. The present study extends the foregoing 
microscales to hydromagnetic channel flow. 

Following this introduction, Section 2 briefly 
develops an approximation for the mean magnetic 
energy of turbulent fluctuations. Section 3 introduces 
an equivalent Kolmogorov microscale for turbulent 
hydromagnetic flow developed from a two-length 
model. Section 4 incorporates this microscale into an 
implicit relation for the friction coefficient. Section 5 
supports the approach used in finding this 
hydromagnetic Kolmogorov scale by correlating 
experimental data. Section 6 concludes the study. 

2. Mean Magnetic Eneryv of Turbulent 
Fluctuations 

For large Reynold's numbers, Taylor (1938), 
in an analogous equation for vorticity, showed that (see 
also Saffman 1963 for a recent study) the mean 
magnetic enery of turbulent fluctations may be 
approximated by 

- 
ah. Jh. 

J J  
h . h = y h l ? 4  1 J IJ x .  a x .  (1) 

On dimensional grounds, Eq. (I)  yields 

b 

PPO 
where h = - represents the fluctuating part of the 

instantaneous magnetic density, yM = vp& is the 
magnetic diffusivity. and is used to denote a scaling 
relation. 
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3. An Eauivalent Kolmogorov Scale for 
Hvdromametic Flow 

Extending Taylor (1935). the balance of 
hydromagnetic energy for homogenous pure shear flow 
may he written as 

P + P ,  = E ,  (3) 

p = -U.".S., 1 J '1 

where 
- 

(4) 
is the inertia1 production, 

is the magnetic production, and 

is the dissipation of turbulent kenetic energy 
On dimensional grounds, Eq. (3) becomes 

(7) 
, U  b2 u U? 

e pw0 A' 
p + P, = u-- +-- = v- = E .  

A viscous estimate for the velocity i n  terms of the 
dissipation is _given by 

~, 

Then, Eq. ( 7 )  gives in terms of Eq. ( 8 )  

and 

As the magnetic field approaches zero, Eq. ( 1 1 )  
approaches the Taylor microscale, 

u' 
116 

(12) 

In the isotropic limit as the integral and dissipative 
length scales approach the Kolmogorov length scale, 
q ,  and the velocity approaches the Kolmogorov 
velocity scale, u , Eq. ( I  I) reduces to 

(v3,),,, 

I + - . -  
PPO U2 

u = ( v e )  , 
Substituting the Kolmogorov velocity scale, 

(14) 114 

into Eq. ( I  3) yields 

r l =  112 . (15) 

Incorporating the viscous dissipation into Eq. (15) and 
assuming u = U ,  yields, 

(16) 

For reasons that will become evident in section 4, it  is 
convenient to write Eq. (16) i n  the form 

(10) 

which can be written in terms of dimensionless 
parameters as Elimination of the velocity between Eqs. (X)  and ( I O )  

yields the dissipation scale 
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4. Turbulent Hydromagnetic Friction Factor for the range (.4 < B < 1.5) Tesla, the product of the 
terms in  parantheses being on the order of one. In the - 

For turbulent the friction factor is limiting case of zero magnetic field, the friction factor 
simplifies to detined xs d 

( 2 5 )  
290 f =  L , 

Re 
B = OTesla. 

I p u '  Lp" '  Figure I below shows the foregoing correlation. 2 2 
which. in view of u = U, can be written as 

Recalling the definition of the Reynold's number, the 
friction factor can be expressed as 

Inserting Eq. (18) into the above relation yields an 
implicit expression for the friction factor, 

I / ?  

f = _(I I + -j Reyz 
Re AIZ 

Note that since AI ' - - - pwou2, \\hen the magnetic 

field vector IS zero, Eq. (22) reduces to 
B2 

I 

Figure 1 : Turhulcnr Friction Correlation for 
(23) Hydromagnctic Channel ROW f =  - ' B-0. 

Reg' ' 

6 .  Conclusion as expected. 

5.  Turbulent Fr ic t ion  Correlation for 
H v d r o m a m e t i c  Channel Flow 

This study extends the approach relating the 
microscales and the integral scale of turbulence IO tlow 
correlations. For hydromagnetic flow, the Kolmogorov 

I n  1953 Murgatroyd publijhed experimental scale is modified to account for the magnetic field. The 
results of turbulent tlow for mercuF through a (.676 X resulting microscale is incorporated into the definition 
10.16) cm2 channel. His data coverso the range of the friction coefficient. yielding an implicit 

expression in  terms of the Reynolds number based on 
an integral scale and the Alfven number. The 

where Re! is the Reynold's number @ s e d  on the following turbulent friction correlations for 
channel hydrmlic diameter. hydromagnetic channel flow are found using 

the results oi section 4, a turbulent kition correlation 

.:.OxlOJ 5 Re! 5 1.3xiO'. 

Coupling Murgatroyd's exyrimental data with experimental data from Murgatroyd (1953): 

is obtained. I 1 2  

112 

Al- 
.4 < B < 1.5 Tesla 
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