~QQQC
TAL
NE32
he. #i
G, L

T —

s ercmcTTmE

B

Feport No. 81

T A T L T S 7 T

THE INFLUENCE OF SOURCE HEIGHT 0N SIMNGL

DIFFUSION IN UNSTABLE VALL LAY
(Supplement to Reports No. 67

by

David A.

a

Edward E

Collepe of
Department

State University of N

Januar

e s

"~ ]

v

Mandell

nd

. 0O'Brien
Engineering

of Mechanics
ew York at

vy 1967

i 8 N St e

t Stor

e
[4a%




THE INFLUENCE OF SOURCE HEIGHT ON SINGLE POINT DIFFUSION
IN UNSTABLE WALL LAYERS

(Supplement to Reports No. 67 and 72)

‘ by

David A. Mandell
and
Edward E. O'Brien
College of Engineering
Department of Mechanics
State University of New York at Stony Brook

January 1967

T =

e

.
A TR - W TR g M

i L ST

e ot



ABSTRACT

Equations describing the influence of a nonzero source height on the mean
particle trajectory in slightly unstable and strongly unstable turbulent boundary
lavers are obtained. Typical results are presented for the slightly unstable
boundary layer.  The effect of a nonzero source height in this case is considerable

as .as been previously pointed out.
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THE INFLUENCE OF SOURCE HEIGHT ON SINGLE POINT DIFFUSION IN UNSTABLE WALL LAYERS

'(Supplement to Reports No. 67 and 72)

Introduction

‘In previous reports Mandell and O'Brien (1966 a, b, and c¢) constructed an
entirely Lagrangian similarity model to determine the mean trajectory and mean
ground level concentration resulting from continuous sources located at the
origin in both slightly unstable and strongly unstable turbulent boundary layers.
In tue present report the influence of -a nonzero source height on the mean trajectory
is considered. The procedure used to determine an approximate boundary condition

at the source is similar to that adopted by Batchelor (1964) in his investigation

of the neutrally stable wall layer.

The Influence of Source Height on Mean Trajectory

- The Slightly Unstable Boundary Layer

In the neutral stratification analysis given by Batchelor, the time for a
particle to forget its initiél position is of the order h/u* where h 1is the
height of the source and u, is the friction velocity. Batchelor then determines
the order of magnitude of the integration constant in the trajectory equation from

an approximate boundary condition whiih is obtained by using the logarithmic velocity

: u
. % . L. . h
profile, u = 7 log %-, and the characteristic time, - . Thus
o

h when z = h,
z

X = %-log
o

where k is von Karman's constant and z is a height characterizing surface roughness.
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In the present case the characteristic time 5 will again be used and since
= —_—
the logarithmic velocity profile is not valid, u (h) = (g%)__ will be used to
z=h '
determine the boundary condition. Thus
- _ ,dx h - _
X (az) < when z = h (1).
z=h
The following equations are obtained from Mandell and O'Brien (1966a):
1
- - z b - = -
x(z) = ;—-(log g- - 1) ; é/ (502 log g- + A (2),
o k b°/2 |L] °
where b= .1 and bl = ,0025;
' 1
—_ u - b - =
. dx % z 4 7 Z N2
arid oo (gl -t L (22
it "~ X z, " 3.3/, |7 (3).

In the previous report the constant A was equal to zero for a source located at the
origin.’
A can be determined from equations (1), (2), and (3); and in dimensionless

form, the equation for the mean particle trajectory is

b =
2 ,
bkE = ¢ (logt - 1) - = —==, |a| “log t (%),
3 b 3/5

o
N
N+

+H {(b-1)logH+1-

w| F

1
—572]a] H“ (b - log H)}

o
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where £ =

The Strongly Unstable Boundary Layer

From dimensional reasoning the time for the particle to forget its
5 )
s s Po To %. h, 3
initial position is of the order (—E—ag————) (EJ in the L = 0 case,

where Cp’ Pos and TO are reference values of specific heat, density, and
temperature respectively; q is the heat flux, positive upward; g is the
acceleration of gravity, and c¢ is a constant introduced by Yaglom (1965).
The L = 0 time scale will be used in evaluating the approximate boundary con-

dition in this case. The boundary condition is

1 2
- ey c P T T 3
z=h+ (D (2o 9o &
= _ Qg c
z = h
when
i 2
— c p T 3 3
x-(%i‘. (22 29 (.}_‘.)
T h qg c

(5).
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The following equations are obtained from Mandell and O'Brien (1966b):
121
dz 2 % Pe T 33
(52) =% (2=—=-2) ¢ n (6)
dt’— 3 qg 27y
z = h
1 2
1 1 =
- = = c p T 3 .3 .
dx 3 3 P o0 © h
(=) U =-c, ( ) |L| ° {Log [¢ ) ] -2} (7)
' g o loeye, T, @ %/ St ’
L2 1 L 2
c p_ T 3 — 3 3 c_ p_ T 3 3
—— w— —— h
x(z) = U (2.2 z - M 22 9 -1} +
(z) o ¢ % ,) ) °1(;) z {Log [ P C2/3t] }+B (8),
o
where Uo, is. a constant introduced by Yaglom and s to’ and B are constants. In
the previous report B was equal to zero.
The constant B can be evaluated from equations (5) through (8) and the mean
- particle trajectory becomes
1 2 2 1 L2
U c.p T 3 3 3 3 c.p T 3-=3
- - 17 lL —_ P O Oy Z
x(z) = =2 (222, [Z - h 1-¢, () 2z {Log [( ) 1-1}
-2/3 ag 20 1= - € . 2/3to
1 12
3 c p. T 3 .3
A N O oo TN ) WU - B (o).

20 1= qg - 2/3t°
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.Discussion 

The influence of a nonzero source height on the strongly unstable boundary layer
cannot be determined since the constants in equation (9) are unknown. The influence
of the nonzero source height on slightly unstable stratification can be determined from
equation (%¥). Typical values of bk are shown in the following table for|a|= 107"

and three values of t:

4

bk¢g
H=o0 H = 50 H = 100
- -4 -4
4 EOL' = 0 ’a.l = 10 * lal = o la] = 10 la] = o Jal = 10
lOOI 360 356 234 221 - -
o

500; 2610 2530 2484 2405 2295 2220

:
lOOé 5910 5680 5784 5555 5585 5370

J :

{ {

i #

2 & 5

The above table shows that the difference between the trajectories for neutral
layers and those for slightly unstable layers is slight. In both cases the effect

of a nonzero source height is considerable as was previously pointed out by Cermak

(1963). -
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