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DIRT- I
FIXED CAMERA DATA REDUCTION REPORT

INTRODUCTION

Dusty Infrared Test—I (DIRT—I) conducted at White Sands Missile Range

2 Oct 1978 through 14 Oct 1978 utilized a variety of explosive events 
-:

to create dust clouds and diesel oil—rubber—gasoline fires to create

smoke clouds. The complete list of tests is shown in Table 2.1.

Technical photographic support was provided by four 35 nun cameras at

two sites; data reduced from these records are presented in this re-

port and include:

A. detonation (or impact) times;

B. times of payload entry into dust cloud and exit from cloud;

C. dust cloud growth data consisting of

1. stem width;

2. cloud width;

3. height at cloud top;

4. centroid coordinates;

5. coordinates of left and right edges of stem;

D. graphs and photographs depicting growth of smoke clouds from

fire tests.
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TABLE 2— 1 . EVENT SCHEDULE

Date
(Oct TIme Si ze
1978) (MDI) Event (ib) Coimuents

2 0707 A— i 3 Three i— lb TNT charges
2 0718:30 A—2 45 Three 15— lb TNT charges
2 0729 A— 3 90 Three 30-lb TNT charges
2 0739:50 A— 4 90 Three 30-lb TNT charges

3 0710 B— i 45 Three 16— lb TNT charges
3 0723 B—2 45 Three 15— lb TNT charges
3 0731 B—3 90 Three 30—lb TNT charges
3 0741:10 8—4 90 Three 30-lb TNT charges
3 0751:20 B—5 180 Three 60-lb TNT charges
3 0801:25 8—6 180 Three 60-lb TNT charges
3 081! 8—7 360 Three 120—lb TNT charges
3 0828:25 8—8 360 Three 120— lb TNT charges

5 0712:50 C—i 2100 One hundred and forty 16— lb charges

6 0717:25 0—1 36 Twelve 3-lb TNT cha rges
6 0730:40 0—2 72 Twelve 6—lb TNT charges
6 0748:55 0—3 144 Twelve 12—lb TNT charges
6 0807 D—4 288 Twelve 24-lb TNT charges

10 0900 C—2 2100 One hundred and Forty 15—lb TNT charges

— 11 0747:40 E— i 45 Three 155—mm projectiles (TNT), static
11 0757:10 E—2 45 Three 155—mm projectiles (TNT). static
11 0821:45 E—3 180 Twelve 155—m m projectiles (TNT), static
11 0829:05 E—4 180 Twelve 155—mm projectiles (TNT), stat ic

12 0737:10 F—i 60 Four 155—rn projectiles fi red simultane ous l y
12 0748:10 F—2 180 Twelve 155-mm projectiles , rapid fi re
12 0805:35 F—3 - 180 Twelve 15 5—nm projectiles , rapid fi re
12 0823:10 F—4 120 Eigh t 155—mm projectiles , rapi d fi re

13 0738:10 F—5 120 Eight 155—mm projectiles , rapi d fire
13 0753:35 F—6 120 Eight 155—mm projectiles , rapid fi re
13 0808:20 F—7 120 Eight 155—mm projectiles , rapi d fire
13 0826:15 F— 8 45 Three 155—mm projectiles fi red simultaneously

14 0739:50 E—5 45 Three 155—mm projectiles , 2— ft deep, static , 3O~14 0’56:OO E— 6 45 Three 155—mm projectiles , 2—ft deep, static , 3CC

14 0808:45 E— 7 45 Three 155—mm projectiles , 1— ft deep, stat i c , 30C
14 0823:55 E—8 45 Three 155—mm projectiles , i— ft deep, static , 3Qt
14 0836:10 E— 9 45 Three 155—nm projectiles , surface, static , 3CC
14 0846:10 E—10 45 Three 155—nm projectiles , surface , stat ic , 3O~
14 1 056 6—1 — Diesel oil , rubber , gasoline fire
14 1105:30* 6—1 — Diesel oil , rubber , gasoline fi re
14 1108:50* 6—1 — Diesel oil , rubber , gasol ine fire
14 1111:05* 6—1 — Diesel oil , rubber , gasoline f4re
14 1113:55* 6—1 — Diesel oil , rubber , gasol i ne flre
14 1116:40* 6—1 — Diesel oil , rubber , gasoline fi re
14 1119* G— l — Diesel oil , rubber , gasol ine fi re
14 1122:55* 6—1 — Diesel oil , rubber , gasoline fire
14 1125:15 G— 1 Diesel oil , rubber , gasoline fi re
14 1127:15* G— 1 — D i esel o i l , rubber , gasoline fi— e
14 1129:35* 6—1 — Diesel oil , rubber , gasoline fire
14 1132:45* 6-1 — Diesel oil , rubber , gasol ine fi re

*Cofl5fland for range cameras on; helicopter approximatel y 10 to 15 seconds from smoke cloud.
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DIRT -I
FIXED CAMERA DATA REDUCTION REPORT, CONT’D

INSTRUMENTATION -

Technical cameras were of 35 mm type and operated at approximate frame

rates of 10/sec with black and white film. Their designations and coordi—

nates are as follows:

WSTM COORDINATES

Camera Stations X (f t)  Y (f t)  H ( f t )
- 

- E—1326 and E—1327 560,227.44 195,738.33 4,266

E—1328 and E—1329 555,492.55 185,165.07 4,353.51

• Terrain and safety restrictions prevented camera site locations that

would have provided lines of sight normal to the test area layout.

Focal lengths used for different events:

FOC A L LENGTHS
Camera Station Camera Station

Event Type E—1326, E—1327 E—1328, E—1329

A 58 mm 150 mm
B 58 mm 6 in.
C 40 mm 4 in.
D 58 mm 6 in.
E (1—4) 58 mm 150 mm
E (5—10) 58 mm 6 in.
F S8 nun 6 in.

- . page 3
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REDUCTION PROCEDURES

A. DETONATION TIMES

The designated detonation time is the time of the frame in which detona—

tion could first be deemed to have taken place. At the frame rate of

10/sec used in these tests, the max imum error is less than 0.1 second .

Not all detonations were observed, and some detonations were observed

by only one camera. Where detonation was recorded by more than one cam—

era, the time is given for each.

In tests involving projectiles rather than charges, impact time is as—

sumed to correspond to detonation.
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F. REDUCTION PROCEDURES

B. PAYLOAD ENTRY AND EXIT DATA

Times of payload entry into and exit from the cloud are given as the times

of the frames in which these events were observed to have taken place -
They are given for all cameras possible and for multiple entries and exits

when these occurred.

Height D of the payload at entry or exit was determined from film dis-

tance d of the payload above ground level, focal length F, and range R

- 
from camera to test site.

C 

D = R d  (1)

r

II.
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REDUCTION PROCEDURES

C DUST CLOUD DATA

Explosive events used to create dust clouds in the test area are listed
in Table 2.1 as events: A (1—4); B (1—8) ; C (1—2); D (1—4); E (1—10) ;

and, F (1—8).

- 
_ 

- The A and B events and some of the E events utilized three charges; when

the three ensuing clouds could be distinguished on film they were measured

• at approximately 0.1—second intervals (every frame) and reduced individu—

i ally as clouds Cl, C2 , and C3 of the developing cloud. Gradually, these
I - individual clouds formed a merged cloud. In some other tests, a merged

cloud was the only kind discernible.

F event clouds that were measured and reduced were clouds caused by the im-

pact of a single shell separated from cluster bursts. Merged clouds and

isolated bursts were measured at approximately 5—second (50 frame) inter-

vals. Clouds for !~ and F events were also measured at single—frame inter—

vals for the first 3—second coverage from camera station E—1328.

I
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REDUCTION PROCEDURES

C1 DUST CLOUD DATA, CONT’D

Cloud images were measured according to the scheme illustrated in Fig. I.

The coordinate system origin is at the center of the test array ; the x— axis
is horizontal at ground level , and the y— axis is vertical .

y
X X 5  X X k

I I
__  - - - Y Y ~

ç centroid ç
( X 3 ,y 3)

I I
I I
I (xl,y1) — -- (x2 1y2 ) I

l3meters ~ X
( ground level )

center of
test array

FIG. I. CLOUD MEASURE MENT SCHEME

4:
The stem edges were measured 3 meters above ground level (xl, Yi) and
(x2 , y2 ) .  The centroid location was estimated and recorded as ( X3 ,  y3) .
Left and right edges of the cloud were estimated to yield X5 and x~ , and
the top of the cloud was similarly estimated to yield y6 .  The irregular
shape and indistinct edges of the cloud preclude exact measurements; meas-
urements are necessarily functions of the jud gment of the film reader .
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REDUCTION PROCEDURES

C. DUST CLOUD DATA, CONT ’D

All cloud data were derived by converting film distances to object distances

according to Eq. (1) as follows.

Object Distance D Film Distance d

stem width (x2 — X l)

cloud width (xi — X5)  —

height at top of cloud y~ -

v

cloud centroid X 3 ,  y3

stem edge, left xl

stem edge, right x2

Stem edges (at 3 meters above ground level) are not given for developing
clouds

Non—perpendicularity of line—of—sight to test layout results in some dis-
tortion of data derived by conversion of film distance to spatial distance

by application of a simple scale factor. No corrections for this aspect
distortion have been applied . Another factor which introduces some error
in the scale factor and therefore in the reduced data is cloud drift in

- the optical axis direction. No modifications for drift correction have

been made to data in this report.
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TABLE I I I
DETA I LED INDEX OF CLOUD GROWTH DATA

Mission Event Camera CLOUD GROWTH DATA Page
1978) Code (Test) Station

2 A3 A—i not available

A—2 1328 developing cloud C 2
A—2 1328 merged cloud C 3

A—3 1326 developing cloud C 4
A—3 1326 merged cloud C 5
A—3 1328 developing cloud C 6
A—3 1328 merged cloud C 7

A—4 1326 developing cloud C 8
A—4 1326 merged cloud C 9
A—4 1328 developing cloud C 10
A—4 1328 merged cloud C 11

3 FB B—i 1328 developing cloud C 12
B—i 1328 merged cloud C 13

B—2 1327 developing cloud not available
B—2 1327 merged cloud C 14
B—2 1328 developing cloud C 16
B—2 1328 merged cloud C 18

B—3 1327 developing cloud C 19
B—3 1327 merged cloud C 20
B—3 1328 developing cloud C 22
B—3 1328 merged cloud C 23

B—4 1327 developing cloud not available
B—4 1327 merged cloud C 24
B—4 1328 developing cloud C 26
B—4 1328 merged cloud C 27

B—5 1327 developing cloud C 28
B—S 1327 merged cloud C 29
B—5 1328 developing cloud C 31
B—5 1328 merged cloud C 32

B—6 1327 developing cloud C 33
B—6 1327 merged cloud C 34
B—6 1328 developing cloud C 36
B—6 1328 merged cloud C 37

— 
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TABLE III, CONT’D
DETAILED INDEX OF CLOUD GROWTH DATA

Mission Event Camera CLOUD GROWTH DATA Page
1978 Code (Test) Station

3 FB B—i 1326 developing cloud C 38
B—i 1326 merged cloud C 39
B—i 1328 developing cloud C 40
B—7 1328 merged cloud C 41

B—8 not available

5 FE C— i 1326 developing cloud not available
C— i 1326 merged cloud C 42
C— i 1328 developing cloud not available
C—i 1328 merged cloud C 43

10 FE C—2 1326 developing cloud not available
C-2 1326 merged cloud C 44
C—2 1327 developing cloud not available

• C—2 1327 merged cloud C 45

6 AA D—i 1326 developing cloud not available
fl—i 1326 merged cloud C 46
D— l 1328 developing cloud not available
D— 1 1328 merged cloud C 47

D—2 1326 developing cloud not available
D—2 1326 merged cloud C 49
D—2 1328 developing cloud not available
D—2 1328 merged cloud C 50

D—3 1326 developing cloud not available
D—3 1326 merged cloud C 52
D—3 1328 developing cloud not available
D—3 1328 merged cloud C 53

D—4 1326 developing cloud not available
D—4 1326 merged cloud C 55
D—4 1328 developing cloud not available
D—4 1328 merged cloud C 56

ii YB E— 1 1326 developing cloud C 58
E—i 1326 merged cloud C 59
E— 1 1328 developing cloud C 60
E— 1 1328 merged cloud C 62
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TABLE III, CONT’D
DETA ILED INDEX OF CLOUD GROWTH DATA

Date
(Oct Mission Event Camera CLOUD GROWTH DATA Page
1978 Code (Test) Station

11 FE E—2 1326 developing cloud C 63
E—2 1326 merged cloud C 64
E—2 1328 developing cloud C 65
E—2 1328 merged cloud C 66

E— 3 1326 developing cloud not available
E—3 1326 merged cloud C 67
E— 3 1328 developing cloud not available
E—3 1328 merged cloud C 68

E—4 1326 developing cloud not available
E—4 1326 merged cloud C 69
E—4 1328 developing cloud not available
E—4 1328 merged cloud C 70

14 AA E—5 not available

E— 6 1327 developing cloud not available
E—6 1327 merged cloud C 71

E—7 1327 develop ing cloud not available
E—7 1327 merged cloud C 72

E—8 1327 developing cloud C 73
E—8 1327 merged cloud C 74

E—9 1327 developing cloud C 75
E—9 1327 merged cloud C 76

E— 1O 1327 developing cloud C 77
E—i O 1327 merged cloud C 78

12 AB F—I 1328 isolated burst C 79
F—2 1328 isolated burst C 81
F—3 not available
F—4 1326 isolated burst C 83
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TABLE III, CONT’D -

DETA ILED INDEX OF CLOUD GROWTH DATA

Mission 

~~~~~ 
CLOUD GROWTH DATA 

- 

Page 

-

13 FB F—S not available -

F—6 not available -

F—7 not available
F—8 1326 isolated burst C 84

Note: data not available indicate one of the following conditions for
each observ ing camera:

1. the event of interest was not shown on the photographic
record; —

2. the fil m was overexposed or underexposed and could not -
be measured;

3. timing could not be determined .
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-

REDUCTION PROCEDURES

D. SMOKE FROM FIRE TESTS

Up to five frames from each G event film record were selected to illus—

trate growth of the smoke cloud. Prints of these frames are presented

together with corresponding graphs of major smoke area outlines. Graphs

were scaled from film measurements by application of Eq. (1) Compar—

ison of a point with its outline graph allows easy scaling of other smoke

areas or points, if desired.
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EVENT G-1

TABLE IV

INDEX OF FIRE TEST DATA
SMOKE CLOUD PHOTOGRAPHS & PLOTS

TIME (GMT ) CAMERA STATION PAGE

56 E— 1327 D 1 — 0 616 
E-1328 D 7 - D 12

1705-30 E-1327 D 13 - D 20
- 

E-1328 0 21 — 0 28

1708-50 E-1327 0 29 - 0 34
- 

E-1328 D 35 - 0 38

1711 -05 E— 1327 D 39 — D 42
- 

E-1328 • .  0 43 - 0 48

1713-55 E-1327 D 49 — 0 52 - -- 
E-1328 D 53 - D 58

1716-40 E-1327 D 59 - 0 62
- 

E-1328 0 63 - D 68

1719 E-1327 0 69 - 0 72

1722-55 E-1327 0-73 - 0 76
- 

E—1328 D 77 - 0 86

1725-15 E-1327 0 87 - 0 90
- 

E-1328 0 91 - 0 94

1727 -15 E-1327 D 95 - 0 98
- 

E-1328 0 99 - 0104

1729-35 E-1327 0105 - D108
- 

E-1328 0109 - 0114

1732-45 E-1327 D115 - D118 
E-1328 0119 - 0124

page Da
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