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GENFRALIZATION OF PARTIAL DOSAGE-AREA CURVES
- FROM AN INSTANTANEOUS POINT SOURCE AT GROUND LEVEL

INTRODUCTION

1. Several methods for the generaiization end simplifiecation
of diffusion equations of the Sutton type have been advenced from
time to time in the form of nowographs, tables, and slide rules.
The equations which have been glven major consideration are the
expressions for dosage versus downwind distance from the infinite
line source and the dosage=-area distribution from the instantaneous
point source. The models for the normal line source, the uniform
finlte line source, or any of the models which compute partial
dosage are not as easily represented by such techniques.

2. In this note, a method 1s derived for presenting the par-
tial dosage=-area equation in the form of generallzed curves. A
transposition of varlebles is introduced which permits the construc-
tion of generalized dosage-ares dilstributions in the form of trans-
formed veriables representing dosage and area. From equstions in
terms of these transformed varlables specifie values cf dosage and
aree can be derived. ALl parameters with the exception of tempera=
ture gradient (stability), are reflected in the transformed veria-

bles. Consequently, a separate curve 1s plotted for each value of

this parameter.
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'5.' Theba.sic eéuéﬁio,n beiﬁg diécustaedl is brééénted 88 eqﬁa.tiéﬁ
(35) in ORG Study Nr. 17.* This equation is an approximation of the
area covered by a dosege equal tc or greater than D after the source
cloud hes traveled a time, t, at velocity u. The derivation pre-
sented here 1s primarily elgebraic. For the complete development of
the starting equation, the definition of terms, and the underlying
assumptions, reference should be made to the source document where
these aspects are covered in greater detall.

4, The initial equation 1s given as follows:

1
"/'21‘ Uy(xl) xl . g+—'
A(D,t) = a:;L? [m o )EJOW
(1) (55) A R ]
[ @l :
CHB

{ 1l - erf in (;ay(x;) 3Z(xl)1ﬁé> i

= oL :
@)

—

! @l €
A
2 . "y(x,) %a(x)) B/
+ = n N i
- GO
| X, |
. N

*
Milly, G.H. "Atmospheric Diffusion and Generalized Munitions
Expendituros.” ORG Study Nr. 17, U. S. Army Chemical Corps

Operations Research Group, May 1958. Reigsued in an unclassi-
fied version in March 1962.
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5. Consider the equation applied to a set of reference condi-

tions denoted by subscript "O" for the following parameters:
% = lme

c’yo(xl) = 1 meter

T, = 1 meter/min
to = 1 min

6. Under other conditions, the parameter values are defined

ag!
Q = kl Qo
o] = k.o
y(x;) 2 Tyo(x,)
u = k5 uo

(2)

7. Then equation (1) can be rewritten as:
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A(D,kh,to) = T %
' (%) a(x) ¥
(o&l)(@ "o a“J. a(%,
r B gL
()
ﬂk yo(x z(x ) k ﬂ D
< l = erf in 1
<k§ Bo Xy, o)
X
\. L —_
_ "e
( 22 )
o o %yo(x,) GZ(xl) ky UsD
A in - oL
'fn <§ U, kl& t0>
X
i i
- N
‘x‘zo k), to\ o+l f
X, ) \
( 20 )@s
K., cyo Ta(x,) Ky oD
.. I

(3)
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8. The recurrent paventhetical term'with exponent (owl)/(c#8)

can be rewritten as follows:

1%

[
P vo(x ) z(x ) K3 QD

[(—=

G

"y (x,) “a(x)) % Iii-:: > (gt P
ol
- (kgkﬁml [ ke ]wﬂ
0y (x,) %alx) o o ()
(k)

9. The two logarithmic terms in equation (3) are identical and

can be rewritten as follows:

gl

( % ngl :>2+B

Yolx) z(x) P

<°°>m (“:“Um
(%

“yolxy) %ax,) o

e
2 3 OB
R (gl )™ D

gL
o+

u t oL
(%)

(5)
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iU ‘The :La.st bracketed term :I.n eq_ua.tion (3) 18 just the recip-

rocal ef the laga.ri*bhmic terms.

1l. We define a pseudo-dosege as!

k .
D, = 1%- (1g‘,’1gh)-°"rﬂ D

(6)
end a pseuvdo=ares as:
A
A o cr———
r (o R
kaligky)
(7)

By reference to (4) and (5), equation (3) can be rewritten as:

O4-1
,t = ) _l —
T (ml)(gié)q W}’o(xl) UZ(xl) u D,
1
4 B arl’] @
n ( QO ,)aﬂs
_ %Yolxy) %ulx)) Po ®
< 1-ert (Q t >a+l
\ B
_— 1
ol | 2
Q G+p
n <1t0 00 vjﬁf D’)
2 yo(x ) z(xl> 0
*T% /B B \OFL
NEW,
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12. If the coefficients defined by equation (2) are substi-
tuted in the expressions for the pseudo-~variebles, 1t can be seen
that equation (8) is identicel to equation (1).

13. $8Since the reference values of the parameters have been
teken &8 unlty upon substitution for the coefficients in (6) and
(7) according to (2) we obtain

Y (x, ) @)*P ap

\

r Q

L]
¥

(9)

and - \CEFL
A=A : t
r %y(x,) (at)
(20)
14, By employing the refurence parameter velues, a plot of
D, ve A can be constructed wnich can be used with equations (9)

end (10) to provide a general solution for any value of D and A.

APPLICATION

15. Since the primary use of equation (8) is the estimation
of partial dosage-area for lndilvidual bursting mumnitions, the

values of ¢ have been taken from the curves in ORG Study Nr. 17
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o v‘hiﬁh“itﬁr? derived directly frem tests. of these :.L'hemeu Theae ‘velues

ety o

| -ef ez m s:!.ven the notation @' in the origina.l report aind mast ve -

employed with the values of ¢ which a.re designe.ted as ¢! )2
y(x,) y(xy

and which are a function of the munition filling welght. The use of
these values in no vey limits the preceding development of the general
equation, but the particular values are &' which have been used to
construct the curves in Figure 1 restrict thelr use accordingly.

16. Figure 1 is & plot of D. and A_ for unit values of the ref-
erence parameters and o range of temperature gredient conditicns. The

diffusion parameters employed are as follows:

AT o B Tlx)
42 .20 .66 3.85
+1 .25 STh 4.35

0 .30 .88 5.85
-1 .40 1.18 11.00
-2 .60 L6 25.00

17. Figure 1 can be used by calculatlng Dr for the conditions
of interest from equation (9); a value of Ar is then obtained from
the graph for the approprilate Lemperature gradlent, and the area, A,
is caleulated from A using equation (1.0). Tor convenience in calcu~
lating Dr and A, Figures 2 and 3 have been prepsred. These are plots
)o:'+‘3

‘n-
of (Wt) vs (Bt and (Tt) ve (ﬁt)a ”‘, respectively, for each of

the flve values of temperature gradient given in Figure 1.
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gbove equations are velid only when the condition
okl

(":31' jm : <’“’y<x1> 32"(—%)_;‘5 >q+s

is met, otherwlse the total dosage equation must be used. In Figure 1,

the total dosage relation is represented by the straight line segment

of the curves.

NUMERICAL EXAMPLE
19. Find the area covered to a dosage of 100 mg min/m3 » g8iven

the following parsmeter values:

8

wind speed, T 107.27 m/min

4 min

u

time, t
1.635 x 106 ng
. bm

alrborne sgent, Q

it

, ) ,
width parametcr, cy(xl)
neutral temperature gradient, AT = 0°F
- 1
! (at)* *
y(x;)
20, From equation (9), D, = 5

Since (ut) = 53%.6, froam Figure 2, (i‘rc)""*"3 = 11%

?
o . (113) x 107.27 x 100 _ 1.745 x 100 _ 10.67

D
r 1,635 x 100 1.635 x 10
Fram Figurc 1, at D, = 10.67
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'fr wixl

.and from Figure 3, (86)%"* = 270

Awm O/54 x 144 x 170 -

A= 1,322 sqm
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