METEOKOLOGICAL ASIECTS OF AIR CLEANING

By P. A. Humphroy and E. M. Wilkins, USWB, IOO

-Although there are many topics which hhoﬁld be mentioned while
considering meteorological aspects of air clcéning, this opportunity is
is being used to review the effccté of vertical temperature gradient on
stack gas bchavior and to show some photographs from the National Reactor

" Testing Station illustrating typical conditions.

The appearance of stack effluent plumes is repulated largely by the
configurafion of the vertical gradient of air density, or temperature.
With respect to a high stack on nearby Jevel terrain there are five
different configurations of the vertical tcmpegature gradient that occur,

‘and these usually have a diurnal cycle.

These configurations, along with the expcctéd behavior of an effluent

' plume, is showm schematically in.Figure 1.

14

Looping-— occurs with a superadiabatic (very unstable) temperature lapse
rate. The stack effluent, if visible, appears to loop because
of relatively large thermal eddies inhthe ﬁjnd flow, Diffusion
is rapid, but sporadic puffs having strong concentrations are
occasionally brought to the ground near the base of the stack.

Looping is favored by fair weather with relatively light winds.

- occurs with a gradient lying between dry adiabatic and
isothermal. The effluént strean is shaped like a cone with
axis horizontal. The distance from the stack that effluent first
cones tb the ground is greater than with looping. Yechanical
mixing predominates. Although this condition is ideal for
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calculating grouqd concentrations by means ofvdiffusion
equations, it does not often persist except during cloudy,
windy weather. During fair weather, it is transitional and is
most likély to occur only for a bricf interval about sunset as

the strong daytime lapse condition is converted to an inversion.

Fanning - occurs with temperature inversion conditions. Such laminar flow
may also occur in a layer of air that is isothermal, depending
on wind speed and roughness of terrain., The stack effluent
diffuses practically not at all'in the vertical, and the effluent
trail may resemble a meandering river,.widcning very gradually
with distance froﬁ the stack. Dependiné on the duration of the
stable.ﬁeriod and the ﬁind speed at stack level, the effluent
may travel for many miles with little dilution. With level
terrain ground condenirations of effluent do not ocecur; however,
isolated objects which‘extend up into the pluyme, or hillsides
.which are encountered, can receivé.large concentrations even

brthough miles away from the stack.

Lofting - is usually associated with the transition from lapse to inversion,
but may persist at times for one to several hours. Occasionally
the inversion does not build up to stack level during an entire
night due to interference of winds and/or cloudiness. The zone
of stronger effiuent concantration, as shown by shadiﬁé, will
depend on £he height of the inversion. It is causedvb} trapping

by the inversion of effluent carried into the stable layer by

turbulent eddies that penetrate the layer for a short distance.
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Except when the top of the inversion is very near Llhe ground,
this type may Le considerad as’thé.most favorable diffusion
situation to te cncountercd. The inversion prevents effluent
from reaching the ground; and at the same tine the‘effluent'may

be rapidly diluted in the lapse layer above the inversion,

Fumigatingv— occurs at the time that the nocturnal inversion is being'
. dissipated by heat from the morning sun. The lapse layer begins
at the ground and works its.way upward, rapidly in summer, but

slowly in winter. At some time the inversion is just above the
top of the stack, and acting as a 1lid, forces the effluent streanm
to dilute within the shallos lapse layer near the ground. Lar5¢
concentrations are brought to the grouﬁd along the entire effluent
stream by thermal eddies in the lapse layer. OSustained conccntra;
tions near the ground will be highér with this situation than
with any other, ’
Smoke ex%eriments were performed by the Wbaiher Dureay usingz the
'250-foo£ Chemical Plant stack to determine the validity of %hc associations
" of plume behavior with the temperature gradient configurations Just shown.
Pictures of smoke behavior during some of these experiments are shown on

the slides to follow.

Figure 2 - Looping condition. 0945 MST, April 9, 1952,
Temporature lapse rate was moro thﬁn threo times the dry
adiebatic rato (which is 0.54°F./100 £t.) in tho lowor

250 foot,
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. Pigure 6B - Fumigation (contimed). O748 MST. The first
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Figuro 3 - Coning conditions. 1910 MST, fpril 16, 1952.
Lapso rato in lozpr 250 feot was slightly less than the

dry adiabatic rate.

Figuro 4 - Fanning condition. 0722 MST, April 11, 1952.
Pronounced temporaturo inversion from the'surface.to

scmewhore a&bove 500 feet.

Figure 5 - Lofting condition. 1945 MST, April 16, 1952,

Inversion, surface to 200 foot, with lapse above 200 feet,

Figure 6A - Fumigating condition. O7h6 MST, April 11, 1952,
Lapse layer has worked up just to the'250-féot level. Note
that eddies in the lapse layer have begun to penetrate the
shokeAbearing loyer, as evidenced by streamers extending

downward from the concentrated plume.

4

‘8troamer reoached the ground about 10 stack lengths from

the stack about two minutes after streamers began to decend,

~Inversion based about 300 feet.

Figuro 6C - Fumigation (continued). 0802 MST. By this
time strong smoke concentrations aﬁbearcd oﬁ the ground
along almost tho entire visible length of the plume, Note
that the qoncentrated sméke.layer aloft that was visible
in Figuraé 4, 6A end OB is no longer visible. The ontire

plums eppears to have been mixed downward. Inversion

basod ahout 380 foot.

-----
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It was montionod carlior that tho typos of tomporaturo gradiont usually
havo & diwrnal cycle. This is illustrapod by figuro T which givos plots of
tomporature soundings on a clear day. Noto that tho fumigating condition
(for a 250-foot stack) was prosent at 0900 MST. By 1100 MST the inversion
had dissipated, and looping conditions prevailed until tho inversion boéan
A‘to form in the evening. Lofting'conditions wore presont dt 1830 and 2000

MST, and fenning conditions at 0200 through 0700 MST the following morning.
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of vertical stability,




197

WASH~1T0

PR

Cesvamai g

e

R b ke

st

v an sy anary

e e et 4y P @ -y 74

Lo ke
N
e o Ay TV
ASRAMRROSANAY
s .7

RN

e Bt it Soth ALY Bt B




WASI-170

198

€ *911

[ Y
m - v . At 2aY 3 - - - )
t . T - -
H ; .

!

m 3
H ..M
: 3
P E
| . . i
i 1
3 ]
_. p
1S ]
| :
.. :
: ‘ - e
I m
i . ;
- ’ 3.4
{ }
: :
M s
' 1
: -.
; B : ~
P R ,
i ) , .
. .
i ) y < B . o e .
H s N . . : ‘!...»sr...lh‘. L . ..l. e o N
w'.l v T b .....l.\.r..\\.r‘a\ll;:.v . PRSP o e .
. & i
L . .
| .
i
1 L]
n +
: k
~. i
_ 3
: . R
: . m
¢ “ |
: B |
. : i3
| b
! ;
— M
2 i
v {
| {
{ Ny
I8 o
w f
w H

N PR




WASH-1T0

e

R i
————Ty g 0
i

A




WASI-170

200

¢ *31d

S AnE e S e Tepr Bm Pt gs urves se y gucree e ove Lmep—
TP IARERL IS by il 4 - Bevrem b e e

e iy

P men vroy v e puaas

s e

e L LA mlang e et

e AT s e

e £ T

TRTTY

B

233

riae

>z

PR ]




201

WASH-170

™3

- pabisa

L

e s e

e )

R

T4

[HPHOW P SRPARP I

[Tt PR

{ea

~ae

A AR AN L

[USRD VNPV PPV R Seoe s PULTN

o—
< e o o
e e e

- e

v

s gt S TS
S el T O P R L
.
. ..
. . - s , .
. Lo s . . . . . . C
s .. . s .
: . ‘ . . . . . . .
W . g s .. , ]
g e . .
. . ' R . R :
* ; .
. Y : .. .. 5 . . . . AR t
. . . 2. . K . -
- P R . . . - . . S
. - . A L. . R
. . - N . . - B > i
B - PN w
P N Ut
. . T R . B B . EPA s X .
: _ 2 . N "  aldid. L .
. .. . .
.

-

»

N

Tes”

3

» 8
2

> *

3 .
v




WASH =170

202

R et
L)
.

AR? Rl Feyé-Sira dvst SRard ol eyl
. . AL I
. N . . S R

N

Renndiiol Saladniteiuit B i o rases R ;
. AN e

.

L3

T s eTIret .y
.
.
v
\

v

.
s

-yt

Rpss el

A gois i

L - e ettt Ltk e S 2 [EIWAPNICR, NI APFRRN S AP I ST SR T P e I T RN I U T S ey ead

e

-
N

—r T
- LA

A s -0y

O O o

ey T T T

iben

't —_—d




203

WASH-1T70

(AN

O Tl
el Fw r

N .l s

i . R . . aH - - D . e w3 TEETING e ey d B ]
. “ o , - 7 . e

Py

,

1.

: i .
R ué.rfl.um!.‘)..\w..

’
.
-

g

. e,
14—

ot v s

AR

(LR Y

"
“

 Rieit e LT L Y

-y

*

R N UL Y PRSI IR S o ey
U P SO P 0

 avrm o Y e sy

ol

1
:

B
. - H
H
. . - H
L4 - . g -
' . e iy
[ 4 o _
t . R . m
.- . -
v . . H
} s i
4 ..
13 . ‘
- . -~ e L . L. o ST e Loy e s :
e 2. - (UPRERNUL A B S Y PR TN RS SV UNpL. SR SRR, “ R RO PO Iry |




WAGH-1T0

204

O~V ONON—-O

S EIN N —- O DNV N -0

VTN —~O

*gpuUTA JU3TT PUB 0OTNe JUOTO Yiia Lup v uo sdujpmos oinjuviodwel-~) *I74

(do) 94ni0sadws)

08 L oL 59 09 g5 oS Sy ov s¢ - mn
_‘ ) : | ~l|.||.l\| — L)
N Pa -
_ GE&L\J . _
h\\n ; .
/r e ! : }
: et '_ i
| \ P SRSt ey |
0050 \ LA n‘asxs\\ B
¥ 1 11.\ ] \d *
N A AARpE e
\ A - m
A _
T Mi“ A
/V N \\\v\\nAmme>k ommp
st
\ P
i \ [N _ .
— _ Woagy oL ‘.V —T | ) :
b DN ,
M | / , -
i \
i \IA.\J“\:V/.\\\\\;V/ w ! {1
\\\\.,_.@mlt 2 j 053l
[¢) i
2 {
sl 2 i
1008["
: Mqvwa>hv1/ N N .
N N M
] ] _ / : <
A<vmmww/ﬁ//, /w con
N R ! - ity
050 // A ] /./Q AdAL
il N
i N\
064G 2i-11 42q0430 ]
HEEEAEEE

w© g mele- O
tpLipunyg

VTN —-O

OO T N —~O

DO~ ONT NN —~O

1904 4o

M0QY

punol9

e e ety st




