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ABSTRACT. A model has been developed to investigate surface layer regime on the basis of a
relation between mixing length and the total (kinetic and potential) energy per unit mass of air,
Important features of the model include non-linear profiles of turbulent characteristics. The provided
asymptotic behaviour indicates considerable consistency with the classical turbulent models.

1. Introduction

Recognition and specification of the scale on which the
vertical components of air motion exert their mixing are
essential part of any general description of the boundary
layer. There are various definitions of scale, the earliest
and simplest form is the classical Prandtl relation
between mixing length and distance from the boundary in
the form :

I=kz.

For neutral boundary layer as a whole Blackadar
(1962) has proposed :
kz

= —— .
kz
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Blackadar's form is simply an interpolation form satisfy-
ing a tendency to kz at small z and to constant value at
large z, reflecting the plausible hypothesis that the scale

of the mixing ultimately becomes independent of the
presence of the boundary.

In the diabatic case, Monin and Obukhov (1954)
predicted that the velocity (and temperature) profiles in
fully turbulent flow over a flat, homogeneous surface

may be written :
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Here 6 is the mean potential temperature, u, is the
friction velocity, @, isthe temperature-scaling parameter
defined by :
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H being the vertical sensible heat flux, p the air density
and ¢, the specific heat of air at constant pressure.
The Monin-Obukhov stability length is then defined
by :
__uTpec
L=——rtzH

g being the acceleration due to gravity. The logarithmic
form of the profile is retained then if, at sufficiently

small [z/L| say

|z/L1< 0.01, ¢alz/L) = ¢u(z/L) = constant,
for the appropriate height range, which feature is
revealed in a number of observational studies with
= 0.41 +-0.01 and ¢y — ¢z = 1, (see, e.g., -Pruit
et al. 1973; Hicks 1976).

The relation between mixing length and wind shear
followed from dimensional analysis is defined by Karman
relation which may be writtenas :
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This implies that in the absence of free convection

(j_ﬁ — 0) . I can be a function of

dz
du du
dz ° dz="

In a flow with buoyancy, Laikhtman and Zeletin-
kevich (1965) added g/T and the potential temperature
gradient to the governing parameters of mixing length-
On this base, a similar to Karman’s relation have been
proposed in the following form :

2k CHa oy
= — ~ du (2)
d-
where,
—(2u) _ & 20
v ( 0z ) T 2z’

Pasquill (1972) concludes from his discussion of
scales that probably the most that can safely be stated
is :

(a) In neutral flow A, /= is between 2 and 4 and effecti-
vely constant with height in the first 20 m or so
[An is the spectral scale].

(b) In neutral flow /r/z is uncertain in the range
1 to 2 over this height range [/z is the Fulerian
scale length].

(¢) The effect of thermal stratification is to increase
or decrease the scales in unstable or stable
conditions, and in effect to increase or decrease
the height range with effectively linear increase.
However, the precise magnitudes of the eflects
on the scale and the existence and heights of
maxima in the scales are still quite uncertain.

2. A non-linear model

In this section, a general equation relating the mixing
length, /, and the total turbulent kinetic and potential
energy per unit mass of air, E, is proposed. It is assu-
med that / is proportional to E and dE/dz which
implies that ¢

du\®> g _db]
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This mixing length closure hypothesis includes the

coefficient of turbulent exchange, K, and relates the

mixing length to a physically significant property which

is the total energy of turbulence. Also the proposed
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hypothesis avoids the uncertainty arised from the multi-
pication of the term :

g 20,
T 2z

by a factor of 2 in Zilitinkevich and Laikhtman
hypothesis.

If we express the mean property X(z) in the fully
turbulent, constant flux layer as a scaling parameter
Yy and a dimensionless function X, the complete system
of equations may be written as follows :

Ky, K du,
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where,

Eqn. (6) is the equation of local balance of turbulent
energy per unit mass of air, ¢ being the rate of dissipation
of turbulent kinetic energy per unit mass of air. Kleban-
off (1954) determined the value of the constant
C - 0.046.

Evaluation of the scaling parameters is provided from
the equalities :
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The values of these scaling parameters will be equal to
the values obtained from Monin-Obukhov similarity
analysis if /, of Eqn. (8) is equal to KLC'. This
provides the following form for the proposed equation
of mixing length :
kC'BLE,

dE,
dz,

’U ln = = (9)

Replacing

jf: 3 -—njf" and e,
= “n

in the dimensionless form of Eqn. (6) with their
values in the dimensionless forms of Egns. (4), (5)
and (7) and solving the resultant equation for /, we

get :

1—Xxt
ly = 10
¥ (10)

where,
/Y.z(l'—'lfn)l-hl (“)

Expressing E, in terms of K, and replacing /, in the
dimensionless form of Eqn. (9) with its value from Eqn.
(10) and integrating, we find :

Zy= 5 —4 (12)

The constant, —4, has been determined from the
boundary condition :

Kily —o=0 (12)

On the basis of Eqns. (11) and (12), Eqn. (4) may
be written as :

du
e e s 2 (l— 1
5 4/x* (1—X9 (13)

Integrating Eqn. (13) with respect to X we get the
following dimensionless form of velocity:

4 ot i ¥
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Eqns. (10) to (14) together with the values of the
scaling parameters provide the following non-linear

profiles :
K = kuy L(1—X?%)

1—X1
= s P =i
I=C"EkL Y )

1 u
€ = Cll:g X
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X=4(Z,+4) (15)

It must be noticed that the derived profiles differ
from Zilitinkevich profiles. This is mainly provided
from the dependance of the profiles equations on the
parameter :

X=(1—K)"
which is given from the relation §
2, o (i) 4.
X
Zilitinkevich corresponding parameter §
y=(l—Ky)'"
is given from a completely different relation :
2 2 . 4

=53V "3

3. Asymptotic behaviour of the model

The prediction of the asymptotic behaviour of the
model is followed from the limits of Z, under very
stable, very unstable and neutral conditions. In the
very stable limit (very unstable) Z,— oo Z,— —). The
value of X retained in this case is X—4/Z, as provided
from equation (12) and /,~1/X in equation (10). This
provides the following asymptotic form of the equations
of the model :

K = ku,L
Clr’d

| = —/

0= — 2 [T +(C——cx)] (16)
Determination of the asymptotic behaviour under the
neutral conditions, Z,--0, may be derived by expanding
in series the expression of Z, arised from Eqns. (11)
and (12). This gives K, = Z,(1—§ Z, + ....) which
implies that K=ku,Z under neutral condition. Replac-
ing K in Eqns. (4) and (5) with its value and integrating
with respect to Z we get the logarithmic form of wind
(and temperature) profile.
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