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AN ANALYSIS OF THE SMOKE CLOUD DATA FROM THE AUGUST 1975
JEFFERSON PROVING GROUND SMOKE TEST

1. INTRODUCTION

To gather data on smoke cloud growth and characteristics, a
test of artillery and mortar smoke munitions was conducted at the
Jeftferson Proving Ground, Indiana, on 19-21 August 1975. (1) Ten
rounds of each of the following WP and HC smoke munitions were
dynamically fired in single-round fire missions: 155mm M110 WP; 10Smm
M60 WP; 4.2-inch M328 WP; 81lmm M375 WP; 60mm M302 WP; 155mm M116 iiC;
105mm M84 HC. The series also included a static firing of one round
of each of these munitions.

Data extraction, discussed in Section 2, was limited to
meteorological data and to 16mm films of the clouds from three ground
locations, as shown in Figure 1. Measures of cloud growth and other
cloud characteristics were extracted from the films.

The data analysis, presented in Section 3, is to support
the JTCG/ME Smoke Obscuration Model.(2) It is therefore restricted to:
cloud dimensions at early times; rate of rise of the WP plume. The
time period of each analysis is limited by the filming time of each
fire mission.

2.  DATA EXTRACTION

Extensive measurements were made of WP and lIiC cloud
characteristics from the ground-based 16mm films. The graduated
reference markers in the field appeared with the clouds in the films,
and provided a scale with which to extract linear dimensions. Time
estimates were based on the filming speed of 24 frames/sec. An
adjustment was applied to the measurements to account for the angle
between the film plane* and the direction of cloud travel. This
adjustment has been made to the data reported in Appendix A. The
location of the smoke sources relative to the impact area were
derived by use of the grid markings on the ground, which appeared
in the 16mm photographic coverage from helicopters.

2.1 Meterological Conditions

The meteorological conditions of wind, atmospheric stability,
and relative humidity are crucial to the growth and transport of a

*Cameras were in a fixed orientation
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smoke cloud. The metcorological data gathered during the JPG test arce
presented in Tables 1 and 2, and may be related to the individual cloud
data records in Appendix A.

An assessment was made of the Pasquill category of
atmospheric stability for each fire mission. Pasquill categorics of
atmospheric stability(4) are identified by percent cloud cover and
wind speed. The parameters defining each category may be used to
predict the growth of a smoke cloud with a Gaussian distribution of
mass. Small corrections to these groupings of the cloud measurements
were made by comparing the measured heights of the WP plume centroid
versus time for each munition. The need for such an adjustment
probably reflects short-lived, localized variations in the meteoro-
logical conditions during the cloud development.

2.2 WP and HIC Cloud Characteristics

A summary of WP and HC cloud characteristics for which
measurements were made is given in Figures 2 and 3, respectively.
This reflects the difference in nature of the WP and IIC sources:
conventional WP is a bursting munition which exhibits a pillaring
effect due to the high heat flux generated by the rapid burning of
the WP; HC burns in its component canisters over a 2 to 2.5 minute
period. The clouds from the individual canisters quickly merge to
form a single cloud which generally has the approximate shape of a
right angle triangle. Because of its far simpler shape, fewer
measurements were required of the HC clouds than of the WP clouds
at each time. The measured cloud dimensions would allow a rough
picture of the cloud to be constructed at each of the given times.
The particular cloud dimensions exploited in this analysis, for use
in the JTCG/ME Smoke Obscuration Model, are discussed in Section 3.

3. APPLICATION OF MEASURED DATA

The measurements of cloud characteristics presented in
Appendix A were used for the following:

a. To obtain the height and width of the WP cloud just
after the weapon phase, as a function of munition fill weight. The
end of the '"weapon phase' is the time when the glowing orange
hemisphere becomes a white cloud, which is generally about one second
after burst.

b. To calculate parameters for a function giving the
height of the centroid of the WP plume as a function of time; a
similar study was made of the farthest downwind portion of HC
clouds, as this is the portion of the cloud where separation from
the ground surface occurs. These parameters are given in Table 3.
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WI* Smoke: ”
z(t)-—Cl + CZ (In(t+5))°~

TABLE 3,

PARAMETE RS FOR CLOUD RISE

Pasquill
Category Munition

e
105mm
81n

B 155
4.:2"
105mm
Elmm
60min

C 155mm
4 . 2”
105ma

IIC Smoke:
z(t)=n.t+b

“

-23.07
-30.34
-17.9]
-27.3%

-16.03
-16.80
. 0,052
-14 .07
-10.48

-9.968
=5.,922
-5.009

Dynamic Firing

FUNCTIONS

Static Firing

10.9]

LA82
L0919
.842
795

272

SN

L3069
120
.636

N

Dynamic Firing

1 2
-31.44 12.57
-23.88 .66
-5.674 4.097

Static Firing

Pasquill

Category Muii tion

m

7. 155mm 0.12G 154
105nn 0.650 IS
B “158mu 0.555 1.5 r
s 1051 0.25 1.35
C 155nn 0.173 1.6
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3.1 Source Description

The Smoke Obscuration Model represents a smoke cloud as a
Gaussian distribution of agent. To initiate the growth of the cloud,
a measure of the basc diameter and the height of the cloud at the
time of its formation are nceded. These measures arc referred to as
the "'source sigmas'" of the distribution, where 40XS (=40yq) represent

the base diameter in the windward and crosswind directions, respectively,
and 40"5 represents the height, wherein more than 99% of the cloud

material is contained. The existing values, represented by the solid
lines in Figure 4, are based on numerous experimental data points

for mortar rounds compiled from the literature by Mr. M. C. Johnson. (1)
Some of the points had been crudely measured hence the need for
verification.

Measurements of the source sigmas from the JPG test are
given in Figure 4 as circled dots. They were averaged for each
WP munition, independent of meteorological conditions and other factors
which were considered to be non-influential at such early times. The
measured oys values for both mortar and artillery lie fairly close

to the solid Gys curve. llowever, their consistently greater value

than the existing values may indicate that the curve should be
adjusted upward. The measured 0,s values for the mortar rounds lie

close to the existing curve for o but, as noted above, their

25°
consistently higher values may indicate that the existing curve for
9 should be adjusted upward. The test values for the 8 artillery

rounds are so much higher than those for the mortar rounds that a
separate curve may be indicated, as shown by the dashed line in
Figure 4. If the L values for artillery and mortar rounds may be

lumped together, as in the case of Oys’ then the existing 0, curve

should still be adjusted upward.

3.2 WP Plume Rise Models

The smoke cloud produced by the conventional, bulk-filled
WP munitions generally exhibits a strong pluming effect, due to the
high heat flux from the burning smoke agent. Because the plume
generally contains a high percentage of the original fill weight, and
because of its tactical value, its influence must be considered in
certain calculations of smoke obscuration.

Two mathematical forms which predict the height of the
centroid of the plume were considered for application to the JPG data:
the Joules model,(s) which was developed from a consideration of basic
principles of the growth of the plume (see Appendix C), and was

19
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intended primarily as a rescarch tool; and a modified logarithmic
function which was an accurate and convenient curve fit of the data.
Becausce of its explicit use of several interesting variables, an cffort
was made to implement the Joules model. Ilowever, for rcasons of
expediency, this attempt was abandoned in favor of the curve fit form.

The expression, given, below, is a function of time only,
and is implicitly a function of munition, wind spced, and condition

of atmospheric stability:

Z(t\=Cl + C, (In (t + S))Z, where

(8]
]

height of centroid (m)

-~
1}

time after burst (sec.)

Cl’ C, are constants determined by a least squares fit of the

function to the data.

Figures 9 through 11 give the height of centroid for the
155mm WP, Pasquill categories, A, B and C, respectively, as generated
by the Joules function (based on Yuma Proving Ground data) and the
curve fit (based on Jefferson Proving Ground data). The "adjusted
curve fit," which appears in several of the figures, is simply the
curve fit to the given data points which was translated vertically
to conform to the initial size of the cloud (oz) at t=0. Considering

the numerous sources of discrepancy, the comparison is quite
reasonable. Graphs of the height of rise data and their fitted
functions for other WP munitions are given in Figures 12 through 20.
Table 3 contains the values of G and C, for all of the curve fits.

3.3 HC Cloud Rise Model

Without a separate, explicit cloud rise function, the

Smoke Obscuration Model permits the centroid of a cloud to rise only
as a result of cloud expansion. Based on observations of !IC clouds,
this assumption seemed to be questionable when applied to the leading
portion of an IIC cloud. For this reason data describing the rate of
rise of the centroid of the leading portion of HC clouds were ex-
tracted from the JPG test results. A linear function was successftully
applied to curve fit these cases. Their graphs and curve fitted
parameters are given in Figures 21 through 24 and in Table 1, |
respectively. |

3.4 Static Firings

Cloud characteristics were also measured for several static
firings. A comparison with the rise functions for the dynamic shots

21
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would indicate the influence of the motion of the projectile,
entrenchment of smoke agent particles in the carth, etc. These
graphs and curve fitted parameters are given in Figures 25 through 29
and in Table 1, respectively.

4. CONCLUSIONS

a. The JPG test data indicate that the source sigmas
currently used in the Smoke Obscuration Model may be about 45 percent
low for artillery munitions.

b. The test data indicate that separate functions for the
initial vertical component of cloud growth for artillery and mortar
munitions may be needed.

c. The test data and curve fit function for the rise of
the centroid of the 155mm WP plume closely approximate for pre-

dictions by the more sophisticated Joules rise function. 1
d. The height of rise of the centroid of the downwind f
portion of HC clouds may be represented by a simple linear function
1 of time.

It is recommended that each of these aspects of data and
extraction and analysis be separated with other smoke tests, and the
results amalgamated with those presented herein.
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APPENDIX A. CLOUD DATA SHEETS
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Frame | Tire Width | Thicknoss Bace | Height @ Trevelled | Heicht PTume

_No. | (Sec) | (m)_ (m) (m) & _(m) (m) | Am) ()

Fob aoa) agn

SSSOEEE - o o —— T ——— Yo r———— et e ettty o ) i, ot

4
3 125 | 15.1 4.

O O RN O CR R e B

11| _.a58 | 16.2 6.1 il oy~ &
0 O R 1 SRR %, B e :«__“ ¥ R S SORAPR
25 11.08 | _23.7 506 1 . . g_____;______ e WA LR
as prge | sl em b ) 4 f
a8 | 2,00 | 30.2) __ 8.38 | [ |
&2 ! 2 32.3 4.4 | ' - = i
g lesz | mal  #e | o B ‘
mise b a3 —ae | £ W g
g8 367 | 13.7 | 30.2 | 107 ' : = 5. |od
(18 | 492 | Wi paes o wel o ) e el
w |ssa | 1 o lwal wyl 12.2 | 21.6]

b s tmae L ol DT
,__24.0_,_10_5._._ e c—— e ~]5J_2—..v ]511 — ....]Q.l.]_ o e e .....1.9-’1_— - _.2.330_
288 J12._ | | 83| a4 [ __9ael . | 23] 30.2
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Munition

JLFFLRLGH PROVIRG G2OUND

SIKOK

CLOUD CHARACTERISTICS

60mm WP

Shot Number

A-1 (Coni)

TES]

Date ___Auq. ]

Time of ¥1r1nq ]557

Wind Speed (kts) _3-8 _ Wind Direction (OTH) _315
% Cloud Cover _ 90 ..
Particle Dispersion Midth (m) __
Source Stem l Plume Centroi i: Ui dth
Trapesiun | Distancey ¢ of
freme & Tiue Width | Thickness Base ,|u ight i Trav~1?<d Heiant . P}grt
No. ' (Sec) (m)_ { (f‘?.)A U‘)_) e i N) o e ..l ST Q) .(_H
= { S S e Lo
360 15 73 S B 9_141( e e R Y
I .
480 20 | 282 129 122, . L 305 388,
605 25.2 1 320 ____' /o 1 w2l 36.6 | 41.0 |
!
720 30 36.6 36.6 l 12.2 41.2 | 45.3 |
{ {
7T T NN SR P RN - S N | SIS . - 2 e
960 | 40 33.5 38.8 2.2 48.8 | 49.6 |
1010 | a2 1 335 | 410 12.2 50.3 | 45.3 !
s R e s i _— SO~ |
|
5 e g
l}
|
o — e el - ,._—___—-‘_T e - o e —— - - — - — — - -
WE— . AR it ace A e i S imiache Speicaarscammicin s
-~ — S Bp—— ;
i
ol | N M | —
P WS, Wp—— P E— = B S B i .-;
1
ol o Bt s ik S M SCASSal N b R it LSO
28




T

JLICTTRSON PROVIRG GROUND SMOYE 17 5T

CLOUD CHARRETIRISTICS

Dite

Munitien _ 1 ﬁmi: EE o Jda_ !
Shot Nurber §'100|Z1nq E Time of hrmq 1640 A

Wind Speed (kts) __3-4 Wind Dircction (TH) 340
Cloud Cover __ 90
Particle Dispersion W idte (m) SR - A
Source Stem ' Plunc Centroid ; it
Trapesium ' Distance of
Frarie : Time Width | Thicknoess Base 4 Heiaht | Travellecd | He '(\:‘n i Plume
No. | (Sec) | (m) 1 (m)_ m U ] m) ] ) | ),
| |
T oo dasasaey u g Witk ik e
B by oo 10.8 1 4.35 | d o S %
z
_____ 5 | .208 18.5!  10.2 e sl ol o IR S
0] 47| 21.6] 130 |
———— R S ; o e e e, AT o g e Hp SOP IO S
30 | 1.25 30.8 ! 20.3 |
55 | 2.29 N e TN SO, Tl o s I T e
et | _ssg e R = R
7 x |
__108 i_4_._5_ BN R ot A i RIS (=L | ;
173l 1.2 55.4 16.0 i
397 ]16.5 ] 5.4 | agg | 43.5 52.4 |
563 123.5 S AR o 47.9 | 69.3
852 35,5 | BRI E 53.7 | 93.9 ]
.17 "0 8 S VOO CUSURCURRNS - 0 B -5 e 59.5_| 120. |
|
N B S TR, EANONG! SPCRNe | B N 0 s L T e
{ ,
ISR, ST TS TSSNNGY ST SUNAL, TN Rty UMK St e\ LT —
’ |
S
SR TR SRR ANt Sy 0 L
! |
— — PRI —— -~ . ?---— SRS PSR! [———————! (R ySR— ‘
SRR N R IR e o -0 i I . Aghs T

+ end of weapon phase




% JITFERSON PROVING GROUND SMOVE TEST
| CLOUD CHARACTERISIICS

E Munition __195mm WP X Dite _Aug. 20
; Shot Number __ E-3 S Tooking E Time of Firing _ 1650
| Wind Speed (kts) __.3-3.5 Wind Direction (°TN) __161 _  __
% Cloud Cover ____
Particle Dispersion Width (wm) ___
Source Stem Plume Centroid | gy, |
e ——— S - - —— 'Y |
Trapesium Distance : x of
Frame | Tine Width | Thickness Base | Height | Travelled| Height . I"lume
No. f(sec) { (m) | _qm) | (m_:_(m) | _(m) | (m) | (m)
— ]
0 11, 2.22 i L
.250 63.2 9.97 ; : ) S ]'
.625 76.41 14.4
1.46% | 106 | 16.6 [
4.42 | 123 210 SO & . o 16.6 |
9.04 | 106 22.2 149 33.5 31.0 | 49.7 1
116.6 159 38.8 216 39.9 52.1 | 106 |
| y
25.8 183 48.5 278 59.6 72,0 | 183 _ |
ARt -5 208 58.2 332 _80.4 91.4 | 266 ;
41,5 237 69.3 365 | 88,7 108 320 |
i |
71.6* Bt ol '
| T SR N e

* still burning
+ end of weapon phase




JLEFERSON PROVING GROUND SMOKE TEST
CLOUD CHARAGCTERISTICS

Munition 4.2" Wp Dote _Aug. 20
Shot humber  B-3 'S Tooking N Time of Firing _1320

Wind Speed (kts) _. 1-2 Wind Direction (°TH) _ 25

Cloud Cover _ __60
Particle Dispersion Width (m)

PP —

Source Stem Plume Centroid |y gy,
|

Trapesium | Distance . of .
Iinie Width | Thickness Base 'Hov'ht i Travelled ! Heighit . Plume -

(m) i Cm) | m) ()

1
Frame |

No._ zévc) 1000 A ) N (m) _

i |

.042| _26.9!1  8.13

833 | 24.6 N2

92 | 60,5 Wz s i
] |
2.38 58.2 22.4 ! l R

SIS S Py § 1O W | N ) 30.5 . 67.3 £ IPLTHES ISR (S 7 )
6.5 53.8 38.6 61.8 .. 29.2 34.5
7
9

8.42 51.6 8.8 1 el.3 | 4.
11.0 67.3 50.8 62.8 | 40.4 58.

17.5 76.2 71. 53,81 31.3 ] 83.3
24.4 | 101. .0 3811 29.2 108.
s 1. 130 1 793 1 4041 128 N

_____ e T A s b . |
s e B L ot AP T .Nl RN EE TR B s
SRR o8 Shet | B RN AN S . EIES SR BT 2
PEPEY Rascy ERRS e uens whioo Taog A s~ oo
DUESORE, S : RET CREIERN. SSRGS SR, 2% RAESS




Munition 4.2" wp

JIFICRSON PROVING GROUND SMOKE TLST

CLOUD CHARACTLRISTICS

Shot Number

C-3 S looking N

Wind Speed (kts) _1-2

Date

Aug. 20

Time of Firing 1325 e

Wind Direction (°TN) __280

¢ Cloud Cover _ 60 i
Particle Dispersion Width (m) ____
fiQU.‘I-.‘i bt_om | Plumre _Cr,-_n'trpid f Wi dih
Trapesium Distance | i ! of
Frame | Time Width | Thickness Base , Heicght | Travelled | Heiqgiht | ‘l?‘“
Mo, | fSec) | tm} | _(m} m) oo Am) | _(m) | Am) |
i i . -
1 0 7.43 4.9 { y |
1.0 042 | 32,2 12.2 _I sy o
|
13 _.54 66.9 13.4 | | t
o l G e I SN e i
32 | 1.33 | 89.1 19.5 4 e
72 | 3.0 L N R N S - A
|
119 | 4.96 36.6 114 24.8 31.0 | 61.9
177 |.7.38 o 43.9 | 111 24.8 139 56.1 | 84.2 |
298 |12.4 65.0 173 26.7 149 80.5 [117_ |
515 [21.5 92.7 198 | 91.6 198 | n7 |17 |
761 |31.7 132 223 86.6 223 154 1131
985 [41.0 RO | ;S 1200 1142 |
SR = PRTSE" P= SIS A= RERPCEPR | S ol o Al el i
i B R ﬂ m—— e el i s S % (SR Al i)
— [— R e e ——— ~r———— —— —— —— ey
ik WREALEY SV ¥ e it i
et s A o % SSRRE TSR TEs. . WA |
+ end of weapon phase 32
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JIFFLSON PROVING GROURD SMOKE TEST

Cloun CHARRCTIRISTICS

4.2" WP
D-3 S looking E

Munition De te

Shot Nurber

Wind Speed (kts) .
€loud Cover _____ 75 :
Particle Dispersion Width (m) ____

.S.(_)Au.r.‘,c.l‘_. Sten

Trapesium

Aug: 20

Time of Firing |

—

61
1

Plume Centroid

Distance

————

Wiad Direction (9TN) __20

)
: Width
! of

Frame | Tis I Width | Thickness Base ; Height | Travelled | Heioht P]?um :
No._ | (sec) | (ml | (m) (m)_ 5 (m) | _m) g () | (e
S e | __15,1.!, Rk S e RS NS - e

a !l 1671 24.9] 5.59 : __________ AR !
' i
SR N D AN U SO R o el AL ST
27%1.13 | o j L&
o -1 ' = ,

NS SN RS SRR SR -.A]9,.£L-T, 5 0 7 e SRS P 1 -
190 17,92 1 29,2 22.4 46.5_ ' 10.8 o ) I T
325 [13.5 _35.7 30.5 50.8 l 25.9 L 356 K
478 [19.9 49.7 40.6 51.9 | 35.7 43.7 =8
623 [26.0 | 54.1 45.7 | 45.4 l 2 N Y _1
841 |35.0 | 73.0 58.4 43.2 541 67.3 l
1058 44.1 | 90.6 68.5 | 46.5 | 64.9 81.3 :
e bes | amwel 76z | w5 | esss | o o e, o} ]
g TR
PERSRRSTO| ISR, NSRRI (P — US| DRSS IR———. s
|
e ) ) KRSy o SRR BRI (o P S |
SO SRR RN SYISNTNGLY R MSERC:. SIS, SITREER |

+ end of weapon phase
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i Munition

% Cloud Cover __
Particle Dispersion Width (m) __

p— - — o
JUFFERSON PROVING GROUND SMOKL TLST
CLOUD CHARPACTERTSTICS
4.2" WP Date __Aug. 20
Shot Number __E-3 S looking E Time of Firing _ 1635
Wind Speed (kts) __.1.2 Wind Dircction (OTH) _161 i
75

Source Sten Plume Centroid |y
Trapesium Distance i of
Frame | Time ! Width ! Thickncss Base | Height ! Travelled | Heignt ! Plun
Mo, | (Sec) i (m) | _(m)} () fom) f dm) | (m) | Am)

}

0| 26.6 4.43 e ¥ A

.25 | 66.5 5.54 o 3 el g

.75 | 83.0 6.65 y ool it
1.04 +

1.42 | 106. 0 R S e Pt SR

|

3.58 | 133, 21.1 _1!

1711 79.7 17.7 176 | 20.0 | | 2.6 o]

12.7 83.0 23.3 179 28.8 53.1 37.7 53.]_!

19.8 | 146 44.3 33 277 | 6. | 410|105, |

266 | 79.7 52.1 163 | 33.3 | 166. 54.0 | 166. |

36.3 | 199 |  66.5 | 179 | 38.8 220. | _66.5|220. _[

b L AR L 25 BT L 216 1. 58.2 | 286. i  81.7}286. |
68.3* |

b e i e o, it = it e ..r-— B e e B R ——-:

! | |

ey ‘ e e

e A S A
-

S S, i ) Sp _.i

7 R G NG SRI SR W W

* still burning 34
+ end of weapon phase




JEFFERSON PROVING GROUND SMOYE TEST
CLOUD CHARACTERISTICS

i
Munition __4.2" A Date __Aug. 20_____ q
Shot Number . F-3 S looking E Time of Iirlnr;_l§l§_w_.____ E
Wind, Speed (kesy . &5 Wind Direction (OTN) 160 :
® Cloud Cever . 75
article Dispersion Width (m) ___
source Stem Plume Centroid | .y,
Trapesium Distancce ; of
Frame | Time Width | Thickness Pase | Height Travelled | Hejant P]g e
Moo | (sec) | (m) | _(m)___ (m)_ j (m) | _(m) (m) (e
gl eml 588 | | 53 ) S
|
208 | 28.2 . .5.54 L IR 1 2 5 L
|
,625 | 38.8 7.76 ! s RN i oo
e |
5 00 65 E. SR 0. % ARERHRRS: NSRRI SR W .
ago | segd e T | e | !
4.92 | 23.6 15.5 | 60.3 1.1 16.6 7.05
10.7 43.5 237 64.7 22.2 34.5 23.6
17.9 | 55.8 8.8 | 64.7 | 38.8 52.6 | 43.5 | !
29.7 61.7 55.4 75.0 | 52.6 80.4 | 80.8 §
40.3* | 75.0 | _72.0 | _99.9 | 9.3 119 121 |
| |
s ) S e o i |
LD SISO, STl GG S (. e S 5
2 aptoee NS
| |
,,,,,, _ ER R i | :
1 K PR ,
g ':
o A EI e 2 8 ;
S PO s eyl s ok e --._...I____...A- N R ——— o !
* still burning
35 ‘

+ end of weapon phase
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JLITERSON PROVING GROUND SMOKLE (151
CLOUD CHARACTHRISTICS

Muni tion _105mm WP
Shot Nurber C-¥' S Tooking E

Date _Aug. 20

Tiiie of Firing =2

P S S S,

Wind Speed (kts) _ O Wind Direction (°T1) 161 __ ____
% Cloud Cover _____ 75
Particle Dispersion Width (w) __
Source Stem Plume Centroid : Wi dith !
Trapesjum Distance o of
Frame | Time P wWidth | Thickness Base | Height | Travellcd | Height  Plune
No.”L (Sec) | (mn) (m) (m) ‘ Am) ) _ (m) (1) (m)
P s NS e ‘ 4
il K5 RS wva k. )
!
..ag | 83 6.1 ey i ANEGE s
86 3.58 12.2 ' it A = o sl
136 | 5.67 18.3 L WL
‘
236 9.83| 25.9 LT N - . B - & 0 S
r }
348 | 14.5 | 32.4 24.4 11.6 6.1 L. i S
__401 | 16.7 33.6 | 28.0 6.47 9.8 LN S ]
544 22ul 54.3 34.1 12.9 10.9 24.4 [E
679 | 28.3 | 55.7 36.6 | g2 1 | 28.0
d e gl N = r | ;
i
e S— e e Ia— i e - SRS }
e . PREES, SUNNRSSPN e e i % !
3 1 ok Al
| RSN (ot ] | Aol THEEVUNA, Al H WU, A ARETRCA8 Ak .
|
SESENES SRR Sl RSB ER  SE—— MRS S 5hs P e

RS S PHREP TR



JEFFLRSCH PROYING GROUND SHMOKE TEST
CLOUD CHARACTERISTICS

Munition _81mm WP e Date _._.‘_59.9_'._.?2__._.
Shot Number _ C-2 S Tooking N Time of Firing _1345

Wind Speed (kts) _ 1-2:3_ Wind Direction (°TN) 20 _
% Cloud Cover _ N

Particle Dispersion Width (m)

Source Stem Plume Centroid |

| Width
| Trapesiuvit | Distance | of
r Fraue ; Tine Width | Thickness Bace | Heioht | Travelled | Heicht @ Pluie
No. j (Sec) | (m) _ | _(m) foy ¢ Gy | _gm) | Am) | ()
] 0 e | SOOI 1 B SRR PR S ST A
|
3| .083 g1 903 SR 1 VT O e VY IR
2.1 sl 59| 7.4 )
. — T - S P S ——— i ._.*,.__A Ot i l_-N - f———
k 36 | 1.46 3.6 12.2 A, e
| |
sl | wal ss o 4 g b

| 88 | 3.63 - 900 ] SRS, {0 I S . R 5 SRS S | S S
119 1 4,92 28.1 16.3 - 64.9 l 19.5 223

167 | 6.88 34.6 23.4 69.2 21.6 27.4

402 116.7 S L 366 130, TR S 43.8
659 {27.4 54.1 63.0__ | 186. 19.5 67.1
874 (36.4___| _61.0; 238 238. W23 1.2

SR SR SRR |
T 58 Fe MR I BT ASRE el |
’,* - - - - —— -—————.———Q!
el et sty ___4._4,4__ R (S S A e e i !
i, FABBRMCEND) SRS G5, SRIEOS SOMesie . SRR S5 —
EXAT W SOVIRNRIN | ST SN B DR l.
!
il B s = — JUE (SRR SIS PRSI TRRRE R
+ end of weapon phase 37




81mm WP

Shot Nuiber

F-2 S-Tookinq E

Wind Speed (kts) _ 2.4
% Cloud Coveri___5 o
Particle Dispersion Width (m)

JUFFERSON PROVING GROUND SMOKE TUST
CLOUD CHARACTERISTICS

Date __ Aug. 20

Time of Firing 1822

Wind Direction (°TH) =

Distance

Travelled

M4 | 803 |

Stem
Trép;;ium
L Tive Basc ) Height
(Sec) (m)_ & _(m)
0
_.as58"|_18.4
2.63 "5
4.04 36.7 6.88
4.67
6.5 34.4 10.3
9.25 . 28,2 14.9
14.9 35.9 23.0
23.4 1.9 32.1
35.4 40.2 ! 41.3
46.0 55.1 |_47.0
SRS & [-~m~wﬁ_
W SUSNUUNISISI T—— ISR (RS S
+ end of weapon
38
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Munition .
Shot Number

Wind Speed (kts)

JEFFERLON PROVING GROURD SMOYI
CIOUD CHARAC

___§Omn WP

C-1 S Tooking N

% Cloud Cover _

Particle Dispersion Widdh (m)

Source

1-2.2

MEST

TIRISTICS

Date Aug . ZQ

Time of Firing 1343

Wind Direction (9TN) _295 _

Stem

Plume Centroid ! Width |

+ end of weapon phase

Trapcsiun Distance } of
Frame | Time Width Thicknress Base Hoight Travelled | Height o Plume |

No. | (Sec) | (m) fm} (m) ° (m)_ (m) (m) 1 (n)
AKR o ) S R k ,i
PN BT S R e ot b RN
64| 0.257) 17.9 | = 4.05 | e ERREh- l
| mlt i mae ) dpa g s L1 !
19| 2.54 i 26.9 | 11.5 5.2 1 aas j
1671 4.54 | I ISRy ol P 1 S . 17.3 122.4 '
402.1.14.3 .126 13.5 39.6 47.1 J
| _gsefgso § | SRS 1 . 50.8 | 55.7 |
874 | 34.0 Lol 296 56. 1 50.8 | 87.4 |

I

TEETERTN. WeUIER:. YR ! PR 4
S s SRR () e ) SRS RS S,
SRS (SR P EVSSPISIN, WU SNCIEY, G, L_-._-_._{
|
=Fin ] CRCHIAN | AT S A ST L N
< S WO S S BGSH  E




JITFERSON PROVING GROUND S0t T1ST
CLOUD CHARACTERILILICS

Munition __60mm WP Date Aug. 20
Shot Number _ F-1 S looking E Time of Firing _1822

Wind Speed (kts) 2.2 - 2.6 __ Wind Direction (%in) 200
% Cloud Cover __ 75 _
Particle Dispersion Width (m) _

Source Stem Plume Certroid ! Wh“h?
Trapesiuin Distance ! of
Frame ; Time | Width | Thickness Base , Height Travelled | Height ! P]?z»
No. | (Sec) | (m) | _(m). () ; dm) | _(m) ] (m) | (m)

—t e

1 042 9.20 4.43 _

!
| BRSSO ol

151 .625| 21.2 5.52 | |

|_—— ‘——1* i BEohman ]

59 | 2.46 | 27.0 1.1 o e ] }

125 | 5.21 | 11.8 776 | 340 laa | 16.6 | 4.7 '
|

|_ 260 | 10.8 | 16.5 Ml b 326 | 25,2 27.7 | 16.5
i

465 | 19.4 | 29.4 Mk A B2 1. 320 T 41. L

252 |14 | awa| 333 | asa lwmo § | sga |&rg |
1008 | 42.0 | 48.5 44.3 58.8 | 41.6 6.0 | 88.2 |
|
|
s
e R e e Nt T Seesisars oma s
. UGN PN o it ki
iR |
e o e e e e S Al s e A = __A,_‘
b T TR | oDl sy TN TN TRy __}‘
| AR R, SN SSTRRTSN, SUNR R E s NP R T DR |

+ end of weapon phase 40
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JEFEERSON PROVING GROUND < Hoy

CLOUD CHAFR

Munition __155mm HC
Shot Number A-7 S looking N

Wind Speed (kts),,_iif
% Cloud Cover 30
Cannister Dispersiofifm)

Soiurce
Time Width
(sec) ()

Canisten

46.2

54.5

e B s Sk

631 | 438

e Rl SE s Lo T I
ERSEEN SRR SR W

SRR SRR T R PR D T

29+ — 319
ORISR TS N WP R 7| IS B

| SRR b el

* merger of individual clouds

ACTERISTICS

Body
Thickness

(m)

% TEST

Date . Aug. 20

Time of Tiring

Wind Direction (°11) __157

Burn Tinme

Distance
To

Leading

‘;_dqgn _(ﬂm_)»

_.6‘-]. - S

o 203

NS~ 3 -
<

(sec) _

Height
of

leading

_Edge (m)

- i 3
2 1:08. 15.9 e Ao M e R s
3 1.08 9.93 3.05 ‘,
L L Rt e e e e e U -
5 18 T 35.9 9.8 - :
e e e e et = A e e e e e e e 2 e I
A 0 12.0 9.6
LSS -.T_ g il RS0 B PN __.-‘_T____-.__. e i i A i kit -
A S W - R R T e IS S T S R
3 1 3.5 | ] e e bl VA el ST
A LR R R ISR e M e e e Bl BN L.
TN SRR, RN SR S AT

LY SR

61.0

il s e B L
Sl oo

- i -

O L. T

41
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JUFTTRSON PROVING GROUND SMOKE TEST g
CLOUD CHARACTERISTICS

Munition ___195mm HC Date Aua. 20
Shot Number___B-7 S_looking i Time of Firing __1145
Wind Speed (kts) _ 2-3 Wind Divection (°TN)
% Cloud Cover ___ 30 Burn Time (sec) 202
Cannister Dispersion(m) |
Distance Height
Source Body To of
Time Width Thickness Leading leading
Canisten  (sec) m) o (m)_ | Edge (m) | Edge (m)
SEEE, S WLV S S ) PSR SR SRR SR S e - R
2 SLGRNENIE iG N TR, 32 6.10
i
3 B63EE TR PG SRS i SO N ) I
4 5.6 3 7.70 i ol . 508
1 13.4 35.2 9.14 39.6 H
i 13.4 V7.6 L T9E3 26.4 |
y 3 13.4 _39.6 16.3 48.4
1 21.6 41.8 R 26.4 i
2 1. 21.6 _41.8 - 572 200400
B b 2929 48.4 264 70.4 i .
2 | €9.9 61.6 ; 3015 72.6
_38.5x | 108 = 126 36.6 I
59.1 _dh_lgl i 165 55.9
66.7 159 A S T s
i : | (SR ST 50 (T A
| SIS e Y, e SRR S RS SR R PR SRS
FR— I SRRSO, SRR, S —— ) . ly

* merger of individual clouds

42




JEFEERSON PROVING GROYUHDL SIA0Y
CLOUD CHARACTERISTICS

Munition __155mm HC
Shot humber__E-7 S _looking E

Wind Speed (kts), _2.5-3
% Cloud Cover 75
Cannister Dispcrsion(n1)___

s i et ——

£ TESH

Date _,AUE_-_Z.Q-_,.__ .
Time of Firing 1746

Wind Direction (OTn) _71_

Burn Time

(sec)

* merger of individual clouds

43

Distance Height ;
Source Body To of i
Time Width Thickness lLeading Leeding i
Canister (sec) (m) () Edge (m) Edge (m) ¢
| dge (i dse | |
i s e s gl = S e e Rk et St e i TS o e o eam———— :
A N 23.3 1L S e e
L2 7| Gems 0 e g g el i ]
|
3 1 g BT O O A Bk At o TS
] 1.13 33.2 5.54 43.2 |
e
- 1.13 19.3 3.33 39.8
R R e PR Y “‘1"' oy e A k),
S S - S - R S T S
t 1. 21308 130 = e i 3.33
foed 1 4.08 el ] 2.6 6.64 |
. hees* . | 120 o e S gy
. Hea 154 R T & I
S - T S N S 245 13.3
|
141.5 266 332 0 R
53.8 349 Lo iaye 92 9 i
Ao ___l66.86 415 e AL [n/: o1 TR (S oy A
P S —— p— i s i e e i s e e L -




Munition

JUFFLRSGN PROVING GROUND SMOKE TEST
CLOUL CHARACELRISTICS

155mm_HC

Shot Number__F-7 S _1ooking E

Wind Spe
% Cloud

!
Canister

ed (kts) 2
Cover _ 75

Tine
(sec)

253

Cannister Dispersionfm)

Source
Width
(m}

B R
b0 1 IR &

Date _Aug. 20
Time of Firing _1754
Wind Direction (°Tn) _ 65
Burn Time (sec) _

Distance
To

Leading

Edge (m)

Eody
Thicknese
(m)

He

of
Leading
_Edge (m)

ight

6

10

3

(519

S ) RN X

—4.88

.10

<32

6.0 | 340

17

24.

24,

24,

O S

20

fsiic. st e s =
i - s i SR ~
Pt o s - c— A i — —— -  — — ———— -1
[T TR it i 1 Sl ot i o b, S ~ ¢
114
" ﬂ e .




JEFFLRSOH PROVING GROUND SHMOYE TEST
CLOUD CHARACTLRISTICS

Munition __105mm HC Date o Aua. 20
Shot Nuiber__ B~6 S Tooking N Time of tiring 1152

Wind Speed (kts) _0-1 Wind Direction (OTn) 157
? Cloud Cover ___ 30 Burn Tiue (5;_-”__9_1:11_50

Cannister Dispersion (‘...T 24 .4

- ——e

Distance Heiqght
Source Body To of

| Time Width Thickness | eading Leading
Canister | (scc) fielc ok mEe Edge (m) Ldge (m)

e 0 15,9 | 4.88 , , B

1 ) 5 0 SR % ST - - T | P SL . N
2 22 1L D0 B

SERT- S SR X S N - R S S RS R SR S
R S KR S P B D MENEE ) o J
_6.25 63.7 13.4 82.8 1
MU, S - B B Wi w1 A S )
28 280 338 .36.6

. 35.0 | 420 , 642 .| .. 415

e b ARE BR8N GEE 0l ERE

Smm— S e AR o e o | S e i St S S i N o S i o o e Sl ) it Sl

£ U e e i
[ X = s
COPTEESNE S - PR
= - e e T e e e
R i K SR i L~ e - S —
| I - - SO ]

* merger of individual clouds
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JUFFERSON PROVIRG GROUND SMOKE TEST
CLOUD CHARACTLRISTICS

Munition _105mm HC

Shot Nuiber

C-6 S

looking E

Wind Speed (kts) __4-6

% Cloud Cover __ 75
Cannister Dispersion(m) 104

Date . Aug. 20

Time of Firing _1507

Wind Direction (CTN) _71
Burn Tine (sec)

—

NDistance Height
Source Body To of
Tine Width Thickness Leading f.ecading
Lanister | (sec) (m) (m). Ldge (m) | Edge (m)
K .. S IR T AT Ex 2 T
SO S e W TR |3 et RN e, 3.7 |
O R SR A0 S L ) SRR B e, SRS e _,J
Lt 8.29 47.3 EREL i S 2.4
ta L .26 1 18.3 i} _25.5 8.5
RN A 5,29 T8l =0 T 25.5 Bl o
| G 12.8 Ry 8o oo T 6.1
2 12.8 473054 =y 62.0 14.6
R S oL A 76.7 b TR
= 74 1 o SR - PR TR [ (e,
L. 1 29.6 288. 329, 14.6
38.3 332 0 374. 7.t -
50.9 402 | 475 28.0 |
4 6.8 4715 .. PSR ER . < . N LT RS
R . 612 ; ~b8b. YL
| SRS SN . SR v SN S - RSN . - % I
TR R s clEse i i
il U WA ORI o et vicl Tobleon i

* merger of individual clouds
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JLEELRSON PROVING GROUND
CLOUD CHARACTLRISTICS

Muniti(n1.1?5mm up

Shot Nurmbo

G-5 S Tlookina

Wind Speed (kts) ___6-8

Cloud Cover _

Particle bispersion kidth (m)

Source

Frage | Tiwe
Mo, i {Sec)

(m)

Width |

|
|

Thicknes

<
>

(m)__

Base

(HIA)

St

AGRE TEST

Date
Time

Wind

Ston
Tranesiun

(m)

e ———— T

30.4

.208

225

a Tiring TT

Birection (OTH) _ 210

Height |

Pua. 21

e e g

Plume Centroid |

Uistnn(e!
Traveiled !
(l l)_

() _

! 1

B Py
é o
[

45.7

Hedaht o

Wictr
of
P uine
(n}

+ end of weapon phase

a7

1 i oA hes o L]
2.0 | 236 g8 e N ‘
, SR T
.ls.0 293 | 68.6 ' I
- * _ e
ORI 7% T - - T Y BESIEIN, SORABUA) N5 T | 152
150 | 343 19.8 67.0 | 46.8 | 91.4 77.7 | 165
i 20.0 | 373 229 | o1.4 | sa9 | 10 | 762|193 |
* 25.0 366 22.9_ 85.4 | 57.9 | 122 87.6 | 244 |
e 1300 358 2000 C NP2 E SRR AT O 11220 _91.41 229
loeelag g | 363}, 2508  F 152 | 610 | 182 e 168
AR e ! |
S SRS S B NP, S RO g e —
| 1
e sl SECoIE e e | 2 (=08
| §
R Pl
i Tl B T AR AN R T L W) Bt :
\ l -—_ —.'l
LI T R R S IV e s ol e
i |
- ——— i A . o et wsens Bt e mom— - — - — -y -— -:- - - - | shmmane - -— —————— o ———




JEFFLRSON PROVING GROUND SMOKE TEST
CLOUD CHARACTLRISTICS

Munition 155mm WP

Shot Number _H-5_S looking N
Wind Speed (kts) _3-6

% Cloud Cover 50 _
Particle Dispersion Wit

Fdth (m)

PO I —

Date

Nug. 21

Time of Firing 1240

Wind Direction (°TN)

245

Source Stem Plume Centroid 'y,
' Trapesium | Distance, - of
Mrame | Time Width { Thickness Base  Height | Travelled | Height . t]gﬂm )
No. | (Sec) | (m) Cm) (my 3 tm) | _ (m) (m) _ fm)
1 .0 18.5 5.57 R
2 083 | 24.6| __8.36. B FE e )
5| .208 | 28.6| _ 975 | _ |Zhots T s et MR
6| .67 " B4l 209 | o
24 _11.0 49.21 __ 23.7 e . |
42 |1.75 i | A D SN RO SRR SN i g
57 |2.38 9.9 362 | _ 151 |
75 13,13 | 9.9 22.3 99.9 | 23.7 18.5 | 33.4 | 27.7_
| 99 14.13 138 26.5 261 1 33.4 2.6 | 460 | 38 j
146 |6.08 154 39.0 23.1 | 44.6 36.4 | 57.1 | 46.1
198 [8.25 158 44.6 33.8 1 51,6 O
243 Q.1 165 SN S DS R 1 167 A A T 66.1 1.6 £9.2
292 2.2 | wa | _ 622 | 384 | 655 | _ s0.0 | 80.8 | 83.0
(388 6.2 | 177 62.7_ | 53.8 | 69.7 | 115 | 90.6 | 111 !
446 18.6 191 61.3 | 76.9 | 655 13] 0.6 | 115 |
u
l
s e Shill oy i
B ST e i B Wl S 5SSl
+ end of weapon phase 48
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JLEFLRSOR PROVING

GROMD N0t

CLOUD CHARACTLWISTICY

Munition _105mm HC
Shot Number_ D-6__ S _looking E

Wind Speed (kts) _____3_:_5__
“ Cloud Cover 75

Cannister Dispers 1onfym)

Source
[ Time Width
Canister| (sec) _(m) _

e oesonee o U

L) S 29.2

PR G| SIS, - 3 - <= - P15

__~L-Q4._.1 b R o)
2 1.04 _er g
3 1.04 gt

b2 S2di b Hh0.
b 3 L 3.2V ¢ 186 ¢

U(;(l‘\f
Thickiess

61 R

3.66
3.66

Som vl St S b
bl s b W
CEROR WE B SRS o 30 e
PG SR Lo S o T A

3 | 149 | 585

o244
3.0} .

_. 4.88 |

65 SIS - . RO (. %

A O

Wind Divection (°TN) __71
Lurn Time (sec) _

Distance Heiqghit
To of

Lecding Lecding

Edge () Edge ()

PepeES it

R L P B s RN
_47.5
S PERE TN i
e o T

76.7 9.75

20.5% 256

M L B
SRSGE. 7 B S
U P 8 449

_76.4 | 544

SISy ML e _636
| SIS TRt - 0 SO TR | A

* merger of individual clouds

= B . SRR W .

270 1.0

_329 11559

493 207
621 g
B 1 SRS, WO 1% -
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JUFFTRSON PROVIRG GROUND SMOKE TEST

CLOYD CIHIARACTERLISTICS

3
Munit’ion 1 155mm WP Date i) ,‘Ug- 21
Shot Number . 1-5°S looking N Time of Firing 1416 v e
i Wind Speed (kts) __ 4-6 Wind Direction (OTN) __EO [y
% Cloud Caver ... 9% .
! Particle Dispercion Vadth (m)
Source aaeh Plume Centroid | y;qqn |
Trape<ium bistance boof
Frame ; Tine Width | Thickness Bace ; Height : 'Imvr_']]ed Heignt. f Plume
No. ! (Sec) | (m) (m) (m) =+ () ’ (m) (m) i (m)
_ e i
| e S B S B | SR ' i S SCEECN S ST
i 1]
13 " 54 | 259 11:%y S SERRENS " G| o TERe BT
! |
72 3.0 L 32l e i | 3
!
120 5.0 45.4 3.05 ! 32.4 15.2 37.3 -
|_168 2.0 | 4| 7.0 | a7 | s | 76|
{
216 | 9.0 | 8.1 27.4 66.5 | 38.1 32.4 |
260, L 1sa Vag2 b 08 L 210 @A L 0] 45.7 45;9..-'.
482 | 20.1 | 157 30.5 40.6 | 42.7 127 57.9 | 50.3 |
600 | 25.0 | 190 38.1 36,7 | 533 | 154 67.1 | 58.4]
|
721 30.0 216 41.2 48.7 54.9 177 68.6 58.4
953 1397 |27 | . 412 | 487 | 610 235 6.2 | 87.6
B ———— p—-- e —— - - —————— - ———— — — - }
AT TIRSRINEREE] SESCNOED Ry AP SRS SRR e et ]
!
e e T e s _ _ ——— _....“_..]
|
| PVSSS qp—— —ae B — — -‘“.A - -
+ end of weapon phase




r——» ——
JEFFERSON PROVING GRGUKD SMOKE TUST
CLOUD CHARACTERISTICS
Munition _155mm WP Date _Aug. 21
Shot Number __J-5 5 Tooking N Time of Firing _ 1505
Wind Speed (kts) _4-6 Wind Direction (°TN) _260
.. Cloud Cover -,___.EQ,_._-.._
Particle Dispersion Width (m) T
Source Stem Plume Centroid : Width '
Trapesium Distance |- of
Frawe | Tiwe | Width | Thickness Base | Height | Travelled | lleight L Plume
No. j (Sec) | (m) | _(m)___ (m) v (m) p (m) (m)__ | ().

1 0 16.5 8.13 el ’ |
3 125|284 12.2 S A e l ol J |
. bt oz | 387 18.3 5 B e

15 63 41.3 22.4 ) b ’ :

19 79 41.3 24..4 F | |

24| 1.0 47.5 28.5 i Ry whniin of B

18 | 2.0 76.4] 325 : |
96 (4.0 | 99.0] 203 | 31.0 38.6 | 35.1|
148 6.17 134 32.5 516 52.8 /’7.53
216 9.0 161 46.7 | 86.7 67 < 74£}
241 10.0 161 50.8 94 .9 . 74.31
360 |15.0 pos | s28 3 f 144 81.3 _ﬁg__l
480 _ |20.0 | 268 | __ 61,0 | | . 198 | 87.41 124 .l
562 234 | a0 | e | |tz | eral 120 |
724 130.2 361 e I W & 315 02 | 13 |

e - i ot S

S AL SN | e BORS. Wee L S WO i |

SRS, S RIS NS A Sty l
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JUFFERSON PROVILG GROUND SMOKT TEST

CLOUD CHARACTERISTICS

Munition _ &4.2" WP
Shot Number _G-3 S Jooking N

Wind Speed (kts) __6-8
% Cloud Cover = O ' =
Particle Dispersion dWidth (m) ___

Date __Aug. 21
Time of Firing 1052

Wind Direction (OTH) 225

Seurce Stem Plume Centroid | .44,
Trapes ium Distance of
Frame | Tine Width ! Thickness Base ! Height | Travelled Hquhtg Plume |
No. | (See) | (m) (n) () o (m) f m) | (] ()
L— _ I —
SRR ol 41.7 9.14 | S e '
; Pr- 48 0 7 8 O 5 ey 1 j
708 | 106 +"1, 18.3 " R
3.0 167 | 26.4 |
5.0 175 I 42.7 ok | g AR | B B j
JO.O_ ] 194 . 16.3 I £9.0 36.6 g&;.3__E
_115.0 204 _20.3 101 50.8 77.6.
20.0 207 20.3 . 132 54.9 ag.9 !
25.0 218 24 .4 54&‘957 161 31.3 115 |
30.0 194 244 71.8 1 °1.9 180 80.4 126 I
35.1 216 | 284 | 65.0 1 86.2 194 89.4 138 '
400 |23 | 305 | 7.8 1949 | 208 | 935 | 15 |
W50 tow b E2E L 233 | 91.4 | 144 |
50.1 266 B - T S i} 252 9.5 _ mlz.L_i
EESIURINRE, | 287 52.8 66— — | =934 {138
r-- REEH| SRS, (RSN R M B R o s
+ end of weapon phase 52




Munition
Shot Number _

Wind Speed (kts)
% Cloud Cover __. A
Particle Dispersion Width (m)

4.2" Wp

JLFFLRSON PROVING GROUKRD SMOVE TLS3

CLOUD CHARACTERISTICS

H-3 S Tookina M

4-8

— e

Date _ L b
Time of Firing __1303

Aug._21

Wind Direction (°TH) _245

+ end of weapon phase

il Sten Plune Centroid | gy, |
iR e TR e

e s e e e

t o . ol o
_‘l‘ O~_~_15.7 e o1 ' Ly T e

147 .58 | 33.6 10.2 | S R Y W N NN
24 | 1.0 | 49.3 10.2 A L i o
48 | 2.0 58.3| 6.3 l
72 | 3.0 67.3 TN A e DT TR e
|96 | 4.0 80.7 24.4 | B
120 | 5.0 83.0 N ke Rl R
70 | 708 | go7] a6 i S
192 | 8.0 91.9 e | B A =t i
240 1 10.0 89.7 46.7 R |
a0 150 | vz |22 | L | oss | sl 0
a0 |20.0 | ve | e | | w36 o |
600 |25.0 | 202 | 203 | )1 e | oaeq |z |
| 720 [30.0 | 235 |  26.4 P i ____“Tl_, 202 | 508 |13 !
770 | 321 | 247 24.4 E 213 _54.9 _1411____‘|
837 34,1 | 247 28,5 RN R T 56.9 | 139
OV TN T R T I R A o




Munition

Shot Number

Wind Spe
2 Cloud

Part1clc Dispersion Tidih (m)

JUFVERSON PROVING GROUND SMOKE TEST
CLOUD CHARACTERISTICS

4.2" WP

J-3 S looki

nq M

od (kts)

Cover

Date _Aug. 2]

Time of I1r1nq

Wind Direction (°OTH)

_260

dn e o

+ end of weapon phase

54

|

source, stem | Plume Centroid | ..o
’ Trapesiun ! D1StdnC’l = 2 Of_ ‘
Frame | Tine Width | Thickness Base HL1th ]r(vvll(. Height @ Plure
Mo, | (Sec) | (m) ) __(m) (m) ¢ o(m) | (m) | () | ()
1 5
! )
417 _51.6 ! 12.2 I 3 R i e s 1) i
aal g2l 1 A ety
1.0 66..0 16.3 SR § o4
2.0 86.6 18.3 -
4.0 | 103.2 14.2 | wa | 24| 3.2
5.0 109.4 18.3 ] 20.6 30.5|  45.4
8.0 | 103.2 2.4 | l 23.8 46.7| 57.8]
10.0 113.5 34.5 36.2 56.9 61.9j
15.0 121.8 44.7 53.6 79.3]  78.4
20,0 | _118.6 54,9 72.2 82.4] 92.g
et oo L 123.8] _65.0 o 87.7 10571 103 |
oo bme e e ) et s T e |
35,0 | 146.5| _ 67.1] £ 107 130.1] 128 |
40,0 | 156.8 71 | 129 137.2] 124 |
5 45.0 158.9 86.4 g, 150 6.3 e |
50.0 120.2 B % 5 RS 173 | 150.4 . lﬂﬁ_J
62.5 | 1gs.7| 935 .} | 229 | 162.6] 136 ll
| LTS PSRt . A v nied "

T —




Munition
Shot Number

Wind Speed (kts)
% Cloud Cover ____

JEFFLRSON PROVING GROUND SMOKE TEST
CLOUD CHARACTELRISTICS

105mm WP

H-4 S logking N

4-8

B B

Particle Dispersion Width (m)

Dete

Tine of Firing

Aug. 21

1255

Wind Direction (°TN)

245

Source St Plume Centroid | ¢y
Trapesium Distance of

Frane | Time Width | Thickness Base | Heicht | Travelled Heinht ?1?me

o T I S I T A O
B 0| 6.73 3.66 3 |
3 -¥25 | 6.1 4.88 !
13 .54 24.2 11.0 7 : ‘?
50 2.08 47 .1 14.6 : A?
99 | 4.13 | s6.5 | 8.0 | 16.1 E |

151 6.29 65 58 14.8 29.6 24.2 31.7 2.2

229 ! 9.98 69.9 29.3 18.8 40.4 37 43.9 29.6
313 ) 13.0 80.7 24.4 22.9 49.8 56.5 56.1 33.6,;
401 16.7 87.4 28.0 26.9 57.9 74.0 67.1 ST T

495 | 20.6 101 24.4 26.9 69.8 90.8 81.7 43.0
| LA s |
SN LBV SR DINS I | |
U ST O, WIS SRRSO SRR S ~«W_M_Q |
|
~ b ]
|
Sacha 350 PSR SR ERERORNR  ANER % ST S

55
SR et et et i i




Z
JEFFERSON PROVING GROUND SMevt TLST 1
CLOUD CHARACTERISTICS !
Munition __105mm WP Date _Aug. 21

Shot Number 1-4 Time of Firinq___lilg_
Wind Speed (kts) __4-6 _ : Wind Direction (°TN) _250 ,
¢ Cloud Caver ...
Particle Dispersion Width (m) _ _ i

Source Stem Plume Centroid | .oy !
Trapesium Distance | ; 01 :

Frame | Time ! Width | Thickness Base  Height | Travelled Huignt ! “lgvo

No._ | (sec) | (m) o} m) ) | _m) | () (m;

| | i
1 0| 130 a.57 | ek e ARy
|
&} @) A ora Caned TAUeRT R R
i |
24 1.0 43.8 15.2 | | AJ
49 | 2.08 | 48.7] 18.3
9% | 4.0 48.7 7.62 5 gt LY T
169 7.04 64.9 10.7 42.2 22.9 | 35.7 |
242 | 10.1 69.7 15.2 PERT B R 58.4 25.9 | 40.5 |
363 | 15.1 101 15.2 86.0 | 35.1 | 48.7 |
|
480 | 20.0 115 12.2 24.3 | 24.3 109 35.1 | 56.8 |
600 | 25.0 131 16.8 27.6 | 24.3 136 39.6 | 56.8 _}
720 | 30.0 48 | 152 | 24.3| 25.9 161 41.2 | 55.1 |
| 840 [35.0 | 164 | | 34| 324 | 18 | 45.7 | 58.4 |
.01 420 | 78 | 32.4 | 40.5 211 53.3_ | 68.1 |
- ﬁ-— R e e e e SEER —_————— e — --v—»-l
AT R S O 1 e W T
l

1SN RO T DN NSRS Sl | . | i
US| NS, SIS SISV ISR N - -1‘ i = s Sim e s i - |




JIFFERSON PROVING GROURYD SMOFE TLS
CLOUD CHARACTIRISTICY

Munition 105mm WP

Shot Number _J-4 S looking N _

Date _Aug. 21
Time of Firing 1507

Wind Speed (kts) __4-6 Wind Direction (“TH) _260 _ . _
Cloud Cover __ 50
Particle Dispersion Width (m)
Source | Stem } Plunie Centroid ' Wi din
Trapesium Distance | . cf
Frame | Time | Width | Thickness Base | Height | Travelled ) Heioht | iy
No. | (Sec) | (m) (m) (mh (o) . md. B RE) 4 4R)
b e Bon ok T T S
| | | |
- S e A aoe :
B P Y SRS G T3 [ T
| i
.208 24.8 12 ,___;__,_w! S i S Aol
: .
a2 a68l 183 r 1 i - &
|
75 RTINS s ‘r,_..__u e e t ]
] 1.0 l EX1 22.4 ? S T
2.8 | 47.5) 264 | | sl |
g0 | 660! 66 be S Jer e
|60 | 6.0 203 | 477 | 305 | 5.4
1.8.0 88.7 20.3 = 64.0 328 | arae !
10.0. 92.9| __ 24.4 | _._l_784 | 386 | 454 |
15.0 126 10.2 26.8 | 31.0 | 120 50.8 | 45.4 | |
8 20.0 150 10.2 71 a1 | o165 67.1 | 57.8 |
e ——— ——————— _— - - ——— —_— ——— e e e | - e e ———— e e e e e e :
25.0 186 122 | 33.0 | 49.5 | 206 | 69.1 | 68.1 |
30.0 212 14.2 37.1 | 5.7 | 243 7.2 | 12 |
LI ) 253 . 03 | o5t 86 9 e |

40.0

+ end of weapon phase
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Munition
Shot Number

Wind Speed (
Cloud Cover

JUFFLRSON PROVIRG GROUND SMOYE TLST
CLOUD CHARACTERISTICS

81mm WP

G-2 S looking M

kts)

6-8

Moy

Particle Dispcrsion Width (m) ___

Date __Aug. 21

Time of Firing _ 1047

Wind Direction (°TH) _210

S

Source Sten Upwzﬁqﬁrﬂd{ Width |

Trapesium™® Nistance . | of

Frame | Tine | Width | Thickness Base i Height Travelled | Heiaht I P1gnf

No. (Sec) | {m) | _(m} __ {mf o fmg | Am) (m) __ | (1.
o e e e
» 0| 24.4] 6.0 | L 18 B |
| i
| _.e08 | 36.6| __6.10 _J - L |
(9 N S~ NG (¢ 1% 008 OO Foau
| |
2.0 1 8.7 3.2 ! |
| 3.08 - 7 ) S - e NACS) SORTRACNE. | OSSO SR SRR
3.83 89.4 20.3 ! [ j
! [
5.0 | 142 | 26.4 SR | RN O T |
|
10.0 159 10.2 16.3 20.3_| 40.6 !
SIINONG o |-% ) S B 7 . 10.2 24 .4 30.5 | 102 |
l
20.0 146 10.2 40.6 ws | 1 |
|
‘ 3 25.0 146 | . .. 345 | ___.__.mm_iw___m___i
a0.0 ) 73 o 38.6 PR - I el 68,8 ) 118
1 5.0 | 195 | _ 40,6 | _ ,_|__-_“_M 102 | _65.0 | 122 |
| |
E; 40.0 203 52.8 IFICENIER, ERENS, GO - 71,11 114 !
45.0 183 54.9 ! T U W P
500 | 175 | _s0.8 | | | 50 | 73.2 |38 |
!
————— ——— = — - ——— —_— —— —J' —— —— e ) — —— l
4 ey " T ISR AN, SEFST T

 —

58

* Plume was situated directly atop source, hence no stem.
+ end of weapon phase




JUIFERSON PROVING GROURD SMOKE TLST
CLOUD CHARACTLRISTICS

Muniticn 8lmm WP Date _

Shot Number _ H-2 S looking M Time

Wind Speed (kts) _4-8 Wind
Cloud Cover ____ 50

Particle Dispersion Width (m)

R A —

Source Stem
5 Trapesiun
Frame | Time | Width | Thickness Base Height
‘No. | (Sec) | (i) _ Smd = {m) 1 (m)

_Aug. 21
of Firing 1309

Direction (“TN) 245

! Plume Centroid E Wigti
i Distance | of

Travelled | Heiaght | Plume
| _tm) | _(m) | (m)

+ end of weapon phase




Munition _ 8lmm WP

JLFFLRSON PROVING GROUND SMOKE
CLOUD CHARACTERISTICS

Shot Number _ I-2 S looking N

Wind Speed (kts)
<. Cloud Cover ____ 20
particle Disporsion Width (m)

Date _Aug 21 i
Time of Firing _1315
OTH) 245

e e e e+

Trapesiun

Wind Dircction (

Plume Centroid

!
|
Distance | !

® Squrce Width could not be measured because its separation from the nearly-
simultaneous case I-1 was not clear.

Frame | Time Thickness Travelled | Height | Piume
No. | (Scc) ) Amy } mp ] (e
J
1 0 1.52 . [ ___“_y
5 | .e08 6.09 | o -l
14 | .58 7.62 .
24 | 1.0 10.7 [
|48 | 2.0 SR, N0 S SITAEL L D)
770 B0y |8 19.8
101 4.21 27.4
2ol o921 6723 __35*1_"r__23*5w
341 |14.2 79.9 | 50.3 ;
461 119.2 s 109 57.9
581 (24,2 LB o] 139. Ol ;
_801 |33.4 IS _202. | 83.8 | 42.0 |
PSRN e IS < HEENINEE OB s
el e i M ]
!
| RECE) IR SRSl s b i
_“-w,_m1 et i AL LIPS TS e

|
i
|
\




™
JUFFERSON PROVING GROUND SMOKE TLST
CLOUD CHARAGTTRISTICS
Funition 60mm WP ) DOL(.‘ Aug. 21
Shot Nuiber H-1 S Tooking N Mime of Firing 1309
Wind Speed (kts) _4-8 Wind Direction (YIN) __ 245

% Cloud Cover __ 80 _ ___
Particle Dispersion Width (m) _____

Source Stei Plume Centroid ooy !
Tyapesium Distance ' | of

Frane | Time Width | Thickness Base | Height | Travelicd | Height | Plume

.NQ-,; (sec) | (m) L) (m) (m). f e (m) (i)
ede A= AR e BRI o R A 57/t S SIS a5 i . B o aile T |
gl a5t 168 4,57 : it e
58 | 2.42 7 el - S SO R e vl 2 i *
| i
100 | 4.17 38.7 4.57 | 26.9 9.14 | 15.1 ]
| |
r__148 6.17 40.4 P62 il N r__iLg_ﬁ_lL]_ 18.5.1
202 | 8.42 | 58.9 7.62 | 1 s8g 198 | 219
WO SR M T | 858 ' Zrs | 3.3
|
412 17.2 113 Fau2 16.8 118 38.1 | 37.01
532 22,2 118 15.2 BBl ) AR . GLG | 58.8)
| I
I |
o T s o -'y'“ ot e [ e
SHERIIE VRIS SRR, T SRS AU — b e |
J : ; —-i
i 5 TR U R S R O R | TR ot
|
N, S——— R o ~m‘f&_m__- SRS IS ES———
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JEFTLRSON PROVIHG GROUND SHOYL

TesT

CLOUD CHARNCTERISTICS

60mm WP

Munition
un or =T

Shot Nuimber

Wind Speed (kts) _
% Cloud Cover 80
Particle Dispersion Midth (m) __

No.

Frame f Tiwe

(Se’:(.)

Seurce

Width |
(n)

Thickness

(m)

Date _Aug. 21

Wind Direction (°TH)

Stem

Trapesium
Rase

(m)

: {m)

Height‘

Time of Firing _1315

Travelled
(m)

Distence |

Plume Centroid

! Heiaht
(m)

245

PO

| |
I Width ;
{ of

P Tune

+
11l .458

0

3.05

_ 5.04
20.2

7.62

1.0

23.6

7.62

6.0

131

22.9

384

o -
16.0

181

L 122}

SRSy 5 7P SOy - O - P

183

98] w
s
"o

504

21.0

230.

18.3

D
o N
> b

|
;

(o3}
~
i 15
w
: R e

e ———

+ end of weapon phase

605 |25.2 252 18.3 36.6
. - A% e -
_____ e l |
= SR SRR (e S —— SR SRS T
R R B L S | TR [
£ ] | 4
. = e T R — SEECEROY O | SRS I (RS PR

el B e | it



JEFEERSON PROVING GROUND SMOKF TLST i
CL.OUD CHARACTLRISTICS

Munition __155mm_HC , Date _Aug 21
Shot Huiber__1 7S looking N Time of Firing _1428

Nind Speed (kts) _ 5-8 Vind Dircction (°TN) _328
i Cloud Cover 50 Larn Time (sec) _

Cannister Dispersion(m) o

Distance Height
Source Body To of
Time tidth Thickness lL.eading Leading
Canister| (s~c) (m) () tdge (m) | Edge (m)

o e Sl a it e L

AN ST TEGNS . | SR SN 0. RS JO:. 5 . .l
9, 1.52

O N [ =12 = = i

.4 . 30 | &8 | A5 B s S
LY L6 ' 187 ) . 6.08
A5 IS SRS e . | 609
- S S, Y 2 SR 3 A N C - SR oL o,
y .2 | 159 | 1se, ] 15,2 159

3,0 L 150 | s, | 9.4 159
I 0 R ey s e e e

IS T, T SR W ECREE W ¢ 1 S (N 1 IS, SR
12 g aad 239 33.5 239

EEEE s A =

L34 L. 2580, 1 283 . .\ 12.2 243 e
122 | 300 | 287 45.7 189

e i i e A i s et e S it i ] s e

o }  smo fae. | ass L o6 PEERER 4
35.0 | 339 = 1 ST - S NS A |
| 3,4 | 30 |38 |29 | 269
40.0 28 a8 1 508 . R e

| SRR BEE O TN 6 S - TR SENRS




JEFFLRSGH FROVING GROUND SMOVE TLSI
CLOUD CHARACTIRISTICS

Munition 155mm_HC Date __Aug. 21
Shot Number 1-7 (Cont) Time of Firing __1428

Wind Speed (kts) 5-8 Wind Uir(-ction‘(om) bt OF
» Cloud Cover 50 Burn Time (scc)
Cannister Dispersiongm) _

Distance Height
Source Body To of
Time Width Thickness Leating Leading
okm) () _ Edge (m) tdge (m)

O Lo 61.0 528

i e S e

50.0

e R s

SRR S IR SRS SN, | L S Mt (- SR e il

L.} 630 | 567 | 68.6 458 Sl

e )
gt iV T RS . ] SISt SO ) hy

T e— e

- —— s i s e i e b . st s S S =
e e s o et e e ———— e ———————————— e —————— - -
—— EVRSICRI i s e csaiss s s S ——
e — —— — - - - ———— e
.




JEFFERSON PROVING GROUND SMOKE TEST
CLOUD CHARACTIRISTICS

Shot Nunber

I-6—§_ looking N

Wind Speed (kts) __5-8
5 Cloud Uwvr_mﬁ_vﬁzﬂ
Cannister Diuporaivn(nm)._‘

Source
Width
(m)

Date ~Aug. 21
Time of Firing _1422

Wind Direction (°Tn) 315
Burn Time (sec) __

B SR | U (B  E

* Merger of individual clouds.

Height
of
Leadinq
_Edge ().

S
|
| TR R |
e -

e
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JEFFERSON PROVING CROUID SMOYE TEST
CLOUD CHARACTERISTICS

Munition __105mm_HC Date Aug. 21
Shot Number_ I-6 (Cont) Time of Firing _1422

Wind Speed (kts), 5-8 Wind Direction (°Tn) 315
% Cloud Cover__ 50 Burn Time (sec)
Cannister Dispersion(m) __

Distance Height
Source Body To of
Time Width Thickness Leading Leading
Canisten  (sec) | (m) | _(m)___ | Edge (m) | Cdge (m)_
e 1 3000 . B30, F 406 1. 273 b {
35.0 345 38.6 316
il IR R 40.0 § {0 R R, SO - P Sl S, .11 L N OO
15 RO 40.0 2155 30.5 V2O . i Nl
L 1, ¢ 4&Q~P U%ﬁ_ Zgé 174{_ Lt DA
3. 45.0 § 229.9 30.5 172.4 £4
12 50.0 194 24 .4 e e A
3 _50.0 | <229.9 28.5 201.2 ~
1.2 55.0 s . ). 183 1 T R R
| 3 Sad i I8¢k L 328 .l . oy 0% S SRS
1, 2 60.0 121.0 203 13.6 i
60.0 178.8 | _40.6 168.3 4
o - 65.0 126.2 20.3 126.2 i i
3 —65.0 | 231.4 | 44,7 189.3 ¥ J
Lo 2 ) 70,0 1 136.7 26.4 110.4 =
3 2 0.0 | 226.2 44.7 189.3 et oy
TR NS S R L SRS TS N W ) . . SR
3 5.0 226.2 N " (S WEERSSEESE
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JEFFERSON PROVING GROUGD <okl TES0
CLOUD CHARACTIRISTICS

Munition __ 105mm HC Nate . Aug 21

Shot Number I-6 (Cont) Tiwe of Firing ~:._]—422

Wind Speed (kts) __ 5-8
% Cloud Cover __ 50
Cannister Dispersionfu) _

Wind Dircction (OTH) 315
Burn Time (sec)

e —

[listance Heiaht
Source Rody To of
Time Widlh Thickness | cading Leading
Canistenn (sec) {m} mk Cdqe (i) Edge (m) |

e e USRS SUIPEY P S S e .}‘
1.2 | 800 } 1473 | 244 | 147.3 ok
3 80.0 | 199.9 . ,4___3_6._6____ W R 5 S R

s 0.0 ) 366 | 47 | 25.3 |

oo | 34F 1t ¢ 6V.0 | 263.0

r.._ A b e i o e e e e
_—._ﬁ, i o —— et St a5, e e s i 1 e e i s, e A, S O ——————————a

SIS — S _.‘-TL_______-_ e et s ]
T % T B |
YA T RN LD 10 ARSI 51 s oy

* Merger of individual clouds.
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JEFFLRSON PROVING GROUND SMOKL TEST
CLOUD CHARACTERISTICS

Munition _105mm WP Date _ Aug. 2l

Shot Number __Static Time of Firing __1704 __

Wind Speed (kts) _.2-4 Wind Direction (°TN) _293 .
% Cloud Cover __ 50

Particle Dispersion Width (m) __61.0_

Source e Plune Centroid | gy, |
Trapesium Distance i of
Frame | Tine didth | Thickness Base | Heiaht | Travelled | Heiant = ©lune
gl Lo b e S I S Y
e W o B
FaL o 130 6. Atk ok |
4 17 24,00 _11.0 RS TS
.33 27.20 10,5 o
22 .92 el g _29.5| 15.5 Bl [Euit i
38 | 1.58 | 29.4 90.97 | 383l 211 18.8 |
68 | 2.83 | 37.8| 244 | 33| 20.0 24.4
100 | 4.17 | 36.6 37.7 31.9] 166 33.3 P
128 | 5.33 | 44.9| _ 45.4 20.5] _ 15.0 41.0 ‘
165 | 6.88 | 52,0 543 | 2840 15.5] 49.7 ‘
zr l1ae | osesl. o0 | saal s | 6. =
A lzme ool ey | e sl | 665 | |
{ |
| !
—mly e |
|
TR PR IS SSOEERSE: SN HETRGER IEOCERURIN T 4. v o i

* True plume not formed; "Centroid Height" refers to the upper structure
of the cloud.
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JEFTTRSON CROVING GROUND SHO¥E TEST
CLGUD CHARACTIERISTICS

Munition E]mm WP Dete _Aug. 21

Shot Nurber _Static S_looking N Tiue “f-'ir'“”..JZ3?,_.-_~h,
kts) _2-3 Nind Direction (OTh) _293

Wind Speed ( e=d b 1 I

Cloud Cover _ 50
Particle Dispersion kidth (m) __15.9-62.5

* Cloud rose to rapidly to show a well-defined plume and a separate source.

+ end of weapon phase %
O

Source " Stenm | Plune Centroid | A
Trapesium . Distance . of
Frane = Time Hidth ! Thickness Base | Height | Travelled i’r'f\'hf "l'\“ ¢
N | L5ee] ll (m} t __(m} (m) ¢ (o) | _(m) | (m) | (=)
1| .04 o 1 00 B Y RN A SR
3 FL L A IS ML 0 O 1 & 5 '
| |
S [ e L TR e TS R L SRR . ]
l i}
A SRS LN R Y| I e
28 1.17 42.8 | 20 7| ¥ sy
g1 3.38 B S R Y T O 366' (L ARAY] W SR - L
143 | 5.9 | 62.4| 549 A
i i
B0 5 R T R 52.0_! Cofd s e TORE
475 | 19.8 = | 103.9 I 94.5 | bl i
633 | 26.4 110.9 | 97.5| i i
= — e it - i e + - —— e e e —— — — —d
748 + 31.2 £ M e b i ok UL e
AT RN G e D ,103.._9; 717 ) PR ahrl e
ST T (RIS PSSR G 1. 300 0 1 ) !
i !
a0 ) 328 ) ST (5% % 3 S % 8
| | | | |
o N R T TN M “"'” e - S O o
| | | o A
| ‘
AR T [N ] PR PO | O T S SR, 6 st e | ‘
______ o TR R s | W ) SR Cehe & 5 X0 AR B
| | !
S = -~ s snc i T I—— i TR P | BT eat - |




Munition
Shot Number

JEEFFE RS

)N PROVIRG

GROUND SMOIE

CLOUD CHARACTLEISTICS

60mm WP

Static

Wind Specd (kts) __2-3
% Cloud Cover ____ 50
Particle Dispersion Width (m)

TEST

Date .

Aug. 21

Time of Firing_1732_ i

Wind Direction (“TN) _293

Source Stem Plume Centroid 5?5‘“‘

Trapesium | Distance | i of

Frame | Tine Width | Thickness Base | Height | Travelled | Heiant ! [}k

No. | (Sec) | (m) ) () - (m) ) (m} | {m]

} x

1 Ol e 19.42__‘.‘ S P S i
3 <25 15.6 04 S o o ?
1 .46 o M D N S
80 3.33 21.4 | 9.75 e
153 6.38 | 39.0 26.8 g By e B
357 | 14.9 | 59.8 42.7 ghg iane | R
454 | 18.9 [70.2 | 439 | 389 | 329 53.6 i)

648 | 27.0 | 71.5 53.6 38.9 | 40.2 51.8 |
762 | 31.8 | 74.1 57.3 AR R R e T e
828 | 34.5 | 81.9 61.0 62.4 | 34.1 0
924 | 38.5 e PE ARl PN TENERE
|
}
A MRS LA ol e __N__W
: 38 B Wi e
i e AT SRICNE SIENTRT (ERPECIT AR N
| G TN NN DS TR B e

* True plume not formed: "Centroid Height" refers to the upper structure

of the cloud.
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JEFT LISON (ROVIHG GROUED ShGrl TEST
CLOUD CHARAUTEIRISTICS

Munition _155mm HC ‘ [1te, Aug. 21 ’
Shot Number__Static S 190“59 N Time of Firing __ 1617

Wind Speed (kts) __2:5-5 Wind Direction (C1N) 248

Cloud Cover _ -~ 70.7 Curn Time (sec)
Cannister l{i,ﬂpi*v'ainn|,..)m_ﬁv

it Distance Heiaht

; Source ltody To of
,/”I ] Time Width Thickness | ecading Leading
Carister (sec) |  (m) {m) Cage (m) fdye (m) |

R N (S DT S50 ARSI Y. ] SN ASE W S A Sl

SO OO . L R SRR g el )
[-_ g} 5 220 01 B8 B l e
) _8.63. H IS § N
PR AU O 7 % SRS, .- T3 S PN B - LT3 (S SRS T
NEIR ! 863 ¢ 26,0 0. ... . 2886 1 .4

b2 | e ) s | ) apa Tl ms
PO R SR A
L eB.gr o 78.0 ihERg A1 e L e

34.2* 90.9 | 126.8 14.9
44.9% | 97.4 , 154.6 woE o
55.5% | 179 |79 18.2

| SNSRI S ] R L < T R SRRONe 82.4 )} 195 L

*merger of individual clouds
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Source Width and Body Thickness (m)

160

140 ¢

100.1

60 T

20

X Source Width ?
2 : : © Body Thickness '

©

il

0.5 1.0 1,5 2.0

-
B 3
-

ro
v
(93]
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2]

Time (Seconds)

Figure 5. Source Description, 155mm WP
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# 3

g :5 1.0 15
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Figure 6. Source Description, 4.2 WP
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¥ Source Width
© Body Thickness
40 oo <
;E; 2
7} %
(75
2
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X
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a X
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=
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: 0]
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b
3 (0]
w10 -
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0 : T L)
25 <50 s

Time (Seconds)

Figure 7. Source Description, 105mm WP




Source Width and Body Thickness. (m)

o0 7
\
X }
X Source Width
© Body Thick
o+ y -1c ness
40 ¢
30 ¢+
X (0]
X
204
X
104 [0
°%
0 t + t -
1 2 3 4
Time (Seconds)
Figure 8. Source Description, 81mm Wp
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(m)

Thickness

Saurce

width and Body

40

20

0

X  Source Width

©® Body Thickness

Time (Seconds)

Figure 9. Source Description, 6Omm WP
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APPENDIX C. JOULES CLOUD RISE MODEL
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? AMSAR-SAM
MEMORANDUM FOR RECORD 28 April 1975

SUBJECT: Vertical Rise of a Heated Plume

1. This "first-generation' methodology for computing the rate-of-rise of a
heated plume has been developed from first principles. The assumption is made
that the plume resembles an oblate spheriod with a well-defined initial volume.
The contents of the plume are "hot'", with respect to its surrounding air mass.
Thus, the density of the plume is less than the air, and the plume tends to
lift because of bouyant forces. As energy is lost through the plume's surface,
bouyant forces are reduced and the plume's rate of ascent decreases. Expansion
of the plume with time complicates the methodology.

2. Empirical data from the 1971 Yuma Proving Ground surveillance tests of
the 155MM, M110 series, WP projectile were used to evaluate certain constants
which appear in the model. Because those tests were not intended to provide
technical data, certain constants are specified with little confidence. Those
constants will be subject to change as more definitive data become available.

3. The height of the plume's centroid, at any time t, may be calculated frox
the following equation:

i
Z kfj_, £()Y 0.7

35> B e A R

z(t) = z +< e
it i=1 Ti-1

4., %, is the height of the plume's centroid immediately after munitions impact
and smoke dissemination (i.e., t=0). For WP ammunition the volume at z is
calculated from2 = 30 ., 1In particular, for the 155MM WP round the value

of Zo is 7.0 metefs. iy

S v is a constant which has been derived, empirically, from the Yuma test
data. Its numerical value is believed to depend upon atmospheric stability
conditions, only. However, that assumption remains to be validated by tests

of WP ammunition other than the 155MM projectile. In the interim, the v values
shown in Table 1, one for each Pasquill stability category, should be used in
the height of rise equation.

6. n is the number of equal intervals into which the elapsed time (i.e.,

measured from dissemination at t=o) is divided. It is usually not economicai
to use a large n unless the true lapse rate is known in detail. In practice,
one-second intervals from t=o to the final time of interest, tf, are adequate
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AMSAR-SAM
SUBJECT: Vertical Rise of a licated Plume

7 i T, is the virtual temperature (°K) of the ambient air at the end of the
ith inierval. As the plume ascends the ambient temperature changes according
to the true lapse rate, pressure and relative humidity.

8. 1; is the corresponding temperature of the plume (°K) at the end of the
ith interval. The value of 1, depends upon the rate of heat loss through tne
surface area of the plume, which, in turn, is related to the volume occupied
by the expanding plume. T4 is calculated from the equation.

1
& = k£, . f(£)
Yy (Ti_l Ti-l) e “1i-1
9. f(t) is the surface area of the plume (square meters) at time t. Since

the volume occupied by the plume increases at a different rate for each Pasquill
stability category, the surface areas are also dependent upon atmospneric
stability. f(t) are shown in Table 1. Those f(t) apply only to the first

20 seconds of elapsed time. Additional efforts are being made to characterize
f(t) as a simple power-law relationship with elapsed time, rather than the
quadratic relationships shown in Table 1. :

10. k is a constant associated with the rate of cooling of tne plume. The
value, k = -2.9 x 10-5, was inferred from the Yuma test data.

11. M is the ratio of the molecular weight of the ambient air to the molecular
weight of the plume. Its value can be calculated from the relationship

4533 Topo

M= 105+ 36260 )
o [o]

where p is the density of air (kg/m3) at z,; T, is the virtual temperature
(°K) of the air at z,; 7, is the initial temperature of the plume, dependent
upon the ambient air temperature, pressure and relative humidity. T, can be
calculated from the equation

7680 (1+1) + T; (1.5 + 871.7990)

LeS * 871.790C

T =273 +
o

12. X is the yield factor to be obtained from the empirical graph of Relative
Humidity vs Yield Factor (see Fig 1); T' is the ambient air temperature (°K)

at z_; and p, is the density (kg/m3) at z,.
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SUBJECT: Vertical Rise of a Heated Plume
TABLE 1
PASQUILL's f(t)
CATEGORY PROBABILITY ] (GOOD FOR ONLY FIRST 20 SECONDS)
A 50% 13.25 60t% + 350t + 1407
B 50% 10.75 8.61t2 + 228t + 1407
c 50 8.90 5.1t2 + 192t + 1407
D 50% Fus" 4.8t% + 130t + 1407*
E 50% 6.15* 4.6t% + 93¢ + 1407*
F 50% 4,95 4.5¢% + 67t + 1407*

*
extrapolated values

) - R i
/\I‘/ Sl A - T
REGINALD G. JOULES
SP/5

Methodology Division
Systems Analysis Office
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