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I .. ABSTRACT 

Equat ions  d e s c r i b i n g  t h e  inf luence of a nonzero source he igh t  on t h e  mean 

I p a r t i c l e  t r a j e c t o r y  i n  s l i g h t l y  unstable  and s t r o n g l y  uns t ab le  t u rbu len t  boundary 

l a v e r s  are ob ta ined .  Typica l  r e s u l t s  a r e  presented f o r  t h e  s l i g h t l y  uns tab le  

boundary l a y e r .  The e f f e c t  of a nonzero source h e i g h t  i n  this case is considerable 



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

(Supplement t o  Reports No, 67 and 72)  

1 The In f luence  of Source Height on Mean Tra j ec to ry  

The S l i g h t l y  Unstable  Boundary Layer 

I n  t h e  n e u t r a l  s t r a t i f i c a t i o n  ana lys i s  g iven  by Batchelor ,  t h e  t ime f o r  a  

h  
p a r t i c l e  t o  f o r g e t  i t s  i n i t i a l  pos i t i on  i s  of  t h e  o r d e r  /u$: where h is t h e  

he ight  of t h e  sou rce  and u, is t h e  f r i c t i o n  v e l o c i t y .  Batchelor  then  determines .. 

' 

t h e  o r d e r  of magnitude of t h e  i n t e g r a t i o n  cons t an t  i n  t h e  t r a j e c t o r y  equat ion  from 

an  approximate boundary cond i t i on  whiLh is  obta ined  by using t h e  logar i thmic  v e l o c i t y  

! In t roduct ion  

' ~ n  p r e v i o u s  r e p o r t s  Mandell and OfBrien (1966 a ,  b ,  and c )  cons t ruc ted  an  

e n t i r e l y  Lagrangian s i m i l a r i t y  model t o  determine t h e  mean t r a j e c t o r y  and mean 

ground l e v e l  concen t r a t ion  r e s u l t i n g  from continuous sources l oca t ed  a t  t h e  

or ig in  i n  b o t h  s l i g h t l y  uns t ab le  and s t rongly  u n s t a b l e  t u rbu len t  boundary l a y e r s .  

I n  t a e  p r e s e n t  r e p o r t  t h e  in f luence  0f .a nonzero source  he ight  on t h e  mean t r a j e c t o r y  

i s  considered.  The procedure used t o  determine a n  approximate boundary condi t ion  

a t  the  s o u r c e  i s  s i m i l a r  t o  t h a t  adopted by Batche lor  (1964) i n  h i s  i n v e s t i g a t i o n  

of t he  n e u t r a l l y  s t a b l e  w a l l  l a y e r .  

.. z 11 
l o g  z , and t h e  c h a r a c t e r i s t i c  t ime,  - . Thus 

I 
ua 

0 
I u  .t, - 1 - 

p r o f i l e ,  I 

I - h - 
k 

when z = h ,  x = - log  - z 
0 

where k i s  von Karmanfs cons tan t  and z  is  a he igh t  cha rac t e r i z ing  s u r f a c e  roughness. 
0 



, 
h In t h e  present  case  t h e  c h a r a c t e r i s t i c  time - w i l l  again be used and since 
ufc 

d;; 
t h e  loga r i thmic  v e l o c i t y  p r o f i l e  i s  not  v a l i d ,  u (h )  = w i l l  be used t o  

z=h 

determine t h e  boundary condi t ion .  Thus 

- d;T - 
X =  - when z = h 

(dt);=h ;n 

The fol lowing equat ions  a r e  obtained from Mandell and OIBrien (1966a) :  

- - - 1 - - - - - Z z 4 Z 

kb  z  
z b l   log; + A  x<z>  = - ( l o g  - - 1 )  - - - 

o k b5l2  I L I  o 

I where b = .1 and bl = .0025; 

- = -  dt ( L o g -  - - -  z 0 3 bS/2( [TI I I 

I n  t h e  previous r e p o r t  t h e  constant A  was equal  t o  zero f o r  a  source located a t  rhe 

o r i g i n  .', 
A can be determined from equations ( l ) ,  ( 2 ) ,  and ( 3 ) ;  and i n  dimensionless 

I form, t h e  equation f o r  t h e  mean p a r t i c l e  t r a j e c t o r y  is  
I 

A A. 

4 bl 
- 

+ H { (b  - 1 )  l o g  H + 1 - -- la1 2~ ' (b - l o g  HI} 
3 b3/2 



I where 

2.2 The- S t rong ly  Unstable Boundary Layer - 

From dimensional reasoning the  time f o r  t h e  p a r t i c l e  t o  forget  i ts  

C 
1 - 2 

i n i t i a l  p o s i t i o n  is  of t h e  order  ( ) (h) ' i n  the  L = 0 case, 
qg C 

I where c , po, and T are reference  values o f  s p e c i f i c  heat ,  density, and 
P 0 

tempera ture  r e spec t ive ly ;  q is the  heat  f l u x ,  p o s i t i v e  upward; g is  the 

a c c e l e r a t i o n  o f  g r a v i t y ,  and c i s  a cons tant  introduced by Yaglom (1965). 

I The L = 0 t ime s c a l e  w i l l  be used i n  evaluat ing  t h e  approximate boundary con- 

I d i t i o n  i n  t h i s  case.  The boundary condit ion is 



The fol lowing equations a r e  obtained from Mandell and OtBrien (1966b): 

1 2 1 1 2  - - 
- - c P ~ T ~ V  - 2 3 c Po To h3 
x ( z )  = Uo ( P 1 - 4  (MI' - ; {Log CO - 1 -1) + B 

qg 
(81, 

qg z c 2 /3 t  
0 

where Uo i s  a cons tant  introduced by Yaglom and cl, to, and B a r e  constants. In 

t he  previous  r e p o r t  B was equal  t o  zero. 

The cons tan t  B can be evaluated. from equations ( 5 )  through (8) and t h e  mean 

p a r t i c l e  t r a j e c t o r y  becomes 

1 - 1 2  - - 
3 

+ z c  ( 1  h {Log C (  Cp '0 
h3 - 

qg 2 / 20 1 - z c 3to 



( The in f luence  of a nonzero source  he ight  on t h e  s t r o n g l y  uns tab le  boundary l aye r  i 
I cannot be determined s i n c e  t h e  cons t an t s  i n  equat ion  ( 9 )  a r e  unknown. The influence I 
( o f  t h e  nonzero sou rce  h e i g h t  on s l i g h t l y  uns t ab le  s t r a t i f i c a t i o n  can be determined from I 

i The above t a b l e  shows t h a t  t h e  d i f f e r ence  between t h e  t r a j e c t o r i e s  f o r  neut ra l  

layers and t h o s e  f o r  s l i g h t l y  uns tab le  l a y e r s  is s l i g h t .  I n  both cases  the  e f fec t  

I of a nonzero  source  he ight  is considerable  a s  was p rev ious ly  pointed out  by Cermak 

(1963). . 
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