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ABSTRACT 

A "power law '' model is used to describe the wind and 

temperature profiles in thermally stratified shear flows 

for bulk Richardson numbers from - 0.8 to 0.2. It is shown 

tha~ the power of wind and temperature profiles were not 

independent of the thermal stability and that similarity 

between wind and temperature profiles is good. Functional 

dependence of the power upon the thermal stability · s shown 

for data of Prairie Grass and laboratory measurements. 
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INTRODUCTION 

The authors (1) compared the KEYPS model (2) with the 

log-linear model (3) and showed that the latter described 

the wind and temperature profiles in thermally stratified 

shear flows better than the former did. The historically 

old "power law" has recently been revived by Pandolfo (4). 

His profile has a minus one-sixth power instead of the minus 

one-third power profile of free convection tested by 

Taylor (5). He claimed that the minus one-sixth "power 

law" described the observed wind profiles quite accurately 

and that it was more accurate to describe the wind profile 

than Taylor's free convection model (5) or Swinbank's 

exponential model (6). The Swinbank exponential wind pro

file predicts the wind speed being proportional to ln 

[exp (Z/L) - 1] such that, when Z/L is much smaller than 

unity, it behaves like a logarithmic profile, but when Z/L 

is greater than unity, it is directly proportional to Z/L. 

Pandolfo also compared his profile with KEYPS profile and 

concluded that these two models were comparable to each 

other pertaining to their accuracy of a wind profile 

description. 

It is interesting to show that the "power law" model 

can indeed describe the wind profiles accurately. However, 

it is important to point out that the power should not be 

a constant in all ranges of thermal stability, but it shou d 

rather be de endent on the thermal stability and 

approach the minus one-third profile as the flow field 
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approaches a free convection. Therefore, the power profile 

is examined in thts paper. Similarity between wind and 

temperature profiles is also studied. 
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BASIC EQUATIONS 

If the dimensionless wind shear, S, and lapse rate 

R , defined (1) as 

s = 

and 

R = 

au 
az 

aT 
az 

are assumed to be proportional to n 
~ then the mean wind 

velocity, U, and temperature, T, will take the following 

forms: 

U (Z) u ( z ) S 'u 
( ~ 

n n - = _.:::.x. - i:;o) 0 0 k n 
(1) 

and. 

T(Z) T ( Z ) L!x ( I:; 
n n - = - ~o) 0 0 an ' 

( 2) 

where k is von Karman's constant; u* , the friction 

velocity; Z, height; T* , the friction temperature; 

a the ratio of eddy conductivity, Kh' to eddy viscosity, 

K . 
m' 

s I and y ', constant proportionality; I:; = Z/L I; 

i:;
0 

= Z
0
/L'; and L', a length scale defined as 

L' = 
a T 

m 
g 

T and g in the above equation are the mean temperature 
m 

averaged over a temperature profile, in absolute temperature 
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scale, and the gravitational acceleration, respectively . 

The power of ~ , n, in Eqs. (1) and (2) should depend 

largely on thermal stability. It can be determined by 

means of the regression theory and least s a uares method 

of fitting data. When data points are closely s p aced and 

the velocity and temperature gradients in the vertical 

direction can be assumed to be a p proximately e qual to the 

ratios of finite differences of velocities and temperatures 

to that of height, respectively, n can be determined by 

the following linear regression equations: 

u. 
1
-u. z. 

1
+z. f3 I U 

ln 1.+ 1. (n-1) ln 1.+ 1. ln (3) = + * 
zi+l-zi 2 k (L') n 

and 

ln 
Ti+l-Ti 

(n-1) ln 
Zi+l+Zi 

+ ln y'T* ( 4) 
= 

zi+l-zi 2 a (L') n 

where 1 ~ i ~ N-1 and N is the number of data points 

in a profile. If similarity between the velocity and the 

temperature profiles does not exist then n will assume 

and 

The friction velocity and heat flux are not always 

measured. Therefore, the dimensionless wind shear, ~ , and 

the lapse rate, ~ , may be defined as 

~ = 

and 

z 
u 

m 

au 
az ( 5) 
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1jJ = T 

m 

5 

where the subscriot m refers to the mean va lues. 

( 6) 

1jJ are similar in form to S and R , res? ectively . Sub 

s titution of E~ . (1) into Eq . (5) y ields: 

cp = 

Similarly, 

1jJ = 

B 'u 
* n 

k (L') 
1u 

m 

The products such as 
n 

S 'u*/k(L') l and 

determined from Eq s. (3) and (4), respectively. 

Deacon numbers are defined as 

au 
lJEF 

d (lnaz) 
1 

d(ln cp ) 
= d(ln Z) = - d (ln Z) 

and 

cl T 

DEP 
d(lnlaz l > 

1 
d(ln 1jJ ) = d(ln Z) - d(ln Z) 

( 7) 

( 8) 

are 

( 9) 

(10) 

When Eq s. (7) and (8) a re inserted into the respective Eqs . 

(9) and (10), the following equations will b e obtained: 

DEF = 1 - n 1 

and 
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The above equations explicitly imply that Deacon numbers 

defined in Eqs. (9) and (10) are only linearly dep endent on 

the powers of Z which are characteristics of the diabatic 

wind and temperature profiles expressed in a p ower p rofile. 

If the similarity t heory holds, then two Deacon numbers 

will become identical. 

The relative rate of change of Richardson number can 

be shown to be related to the Deacon numbers in the following 

form: 

dRi dz dT 
Ri = (2DEF - DEP) z T 

The above equation may be rewritten as: 

d Ri/Ri 
dZ/Z 

dT/T 
= 2 DEF - DEP - dZ/Z (11) 

Using the finite difference approximation, the relative rate 

of change of Richardson number, mean wind temperature, and 

height of the data points can be calculated. 
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EXPERIMENTAL RESULTS AND DISCUSSION 

Mean wind velocity and temperature profiles in a wi~d

tunnel boundary layer over a horizontal flat p late which was 

cooled or heated dep endinq on whether inversion of lapse 

condition was desired were measured and reported b y Chua ng 

and Cermak (7). Data taken at an equidistance of 0.7 cm. for 

heights from 0.5 cm. up to 8.2 cm. were fitted to t he log

p lus-linear law and were s hown to have some scatter by the 

authors (8). The same data were also fitted to the nower 

law profiles by means of Eq s. (3) and (4) and the res pective 

powers of Z, n 1 and n 2 , for the velocity and t he 

temperature profiles which were determined by the least squares 
nl n2 

method. The products, 8 'u*/k(L') and y 'T*/a (L') , 

were evaluated in the same p rocess. Eqs. (1) and (2) 

were rewritten as: 

and 

u-u 
m 

u 
m 

T-T 
m 

-T-
m 

= 

= y 'T 

n 
[ Z l 

n 
[Z 2 

N n 
l I z.1J 
N i=l l 

1 
N 

N 

I 
i=l 

Figs. 1 and 2 show both the Project Prairie Grass (9) and 

the wind tunnel data. The dimensionless velocity profiles 

shown in Fig . 1 and the dimensionless temp erature p r of iles 
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shown in Fig. 2 are better fitted than those of log-plus

linear profiles. 

The dimensionless wind shear and lapse rate defined by 

Eqs. (5) and (6) were computed by means of finite differences. 

Eqs. (7) and (8) were plotted in Figs. 3 and 4, respectively. 

Both the laboratory and the field data conform to the theoreti

cal lines quite well. 

The Deacon numbers defined by Eqs. (9) and (10) were also 

computed by means of finite differences. These Deacon numbers 

can not be calculated very accurately, for they are the second 

order derivatives of the mean wind velocity and the mean 

temperature profiles with respect to height, Z . Theoreti

cally, they are linearly proportional to the respective 

powers of Z for the mean velocity and the mean temperature 

profiles. In other words, the Deacon numbers should be 

constants for given profiles of the mean velocity and the 

mean temperature. Average Deacon numbers versus the powers 

of z were plotted in Fig. 5. 

The power for wind and temperature profiles and 

n 2 should he dependent only upon the thermal stability, Ri. 

Since Richardson number varies with height, a bulk ~ichardson 

nu~ber, (Ri) defined as the average value of it over the a 

whole range of the profile is a better representative 

stability of the flow field. Figs. 6 and 7 show n
1 

and 

versus (Ri) resfectively . a Although there are some 

degrees of scatter, they certainly reveal the functional 

dependence of and on the bulk thermal stability. 
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Moreover, and have almost the same dependence 

on (Ri) , in accordance with the similarity hypothesis 
a 

pertaining to the mean velocity and the mean temperature 

profiles. It is also remembered that, in free convection, 

the power is minus one-third. 

In examining Eq. (11), it is obvious that the relative 

rate of change of Richardson number is linearly pro~ortional 

to the Deacon numbers provided that the relative rate of 

change of temperature is negligible. Figure 8 shows that 

the last term on the right hand side of Eq. (11) is indeed 

neglible. Therefore, Richardson number at height Z is 

given by: 

Ri = (Ri) ( ~) 
0 Z 

0 

2 DEF-DEP, 

where (Ri) is a Richardson number at Z 
0 0 
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CONCLUSIONS 

Even though the log-linear model can describe the 

wind and temperature profiles in thermally stratified shear 

flows for all thermal stability, the power profile can y ield 

a more accurate descrip tion of the profiles once the power, 

n is given. Unfortunately , however, the power of a profile 

is generally not known. The power was shown to be a function 

of the bulk Richardson number. More data are needed to 

determine this functional dependence. Nevertheless, this 

study shows that the power of wind and temperature profiles 

is not independent of the thermal stability. 
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LIST OF SYHBOLS 

Definition 

Specific heat of air at constant pressure, 
calories/°C/gm 

Gravitational acceleration, cm/sec 2 

Heat flux i~ the vertical direction, 
calories/cm /sec 

von Karman constant 

2 Eddy thermal conductivity, cm /sec 

Edd . ' t 2/ y Viscosi y , cm sec 

Monin-Obukhov length scale, L'=a L, cm 

Rational number 

Total number of data collected in a profile 

Dimensionless lap se rate 

Richardson number 

Dimensionless wind shear 

Mean absolute temperature, °K 

-H/(c pku*), friction temperature, 0 c p 

Friction velocity, cm/sec 

Local mean velocity, cm/sec 

Height, cm 

Kh/Km 

Arbitrary constant 

Arbitrary constant 

Z/L, demensionless height 

. f . / 3 Density o a ir, gm cm 

Defined in Eq. (5) 
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( ) . 
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LIST OF SYMBOLS (Continued) 

Definition 

Defined in Eq. (6) 

The variable at height z. 
i 

Mean value averaged over the profile 

The variable at height z
0

, an equivalent 
roughness height. 
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