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4-smoke

5- plume
6- Fail
7-IR
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e
e Condensed

Compusilion HCI < Co, H, H,O N, products® THER )
EDB ] R ] 14 23 12 1.5 2630
Smokeless 0 14 12 10 23 19 LR
EMCE
(NC, Ngl. RDX)
Hulalite 17 18 5 12 3 G 0.2 2704
{TITPH + AL

Butalane & 22 1.3 1] 11 a 10 3620

* Maolar [ructions inside the chamber,

P {nmbustion temperature inside the chamber.

" Total frtaction of lhe condensed particles at the oxit plane of the nozzle afier equilibrium
EXpansion.
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1- size

2- Inhibitor
3- End-Burning
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Mitramita with 62 AP
{energetic binder, HMX_ AP

Relative atmospheric humidity (%)
3 & 8 B &
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Atmospheric temperature 'C
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1- Detect

2 - Termal Insulasion

3 - Ballistic Catalysts

4 - Anti-instability Additives

5 - Flash Suppressors

6 - after burning Suppressant
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Transmission %
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BUTALITE BO

*=0.9ppm

T=3¢C
RH = 70%

End of firing
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TABLE 2

Frequency of occurrrence of secondary smoke
in Paris Montsouris (percentages)

Season 82% AP composite 15% AP XLDB
Spring 30 17
Summer 19 4
Fall 50 25
Winter 64 40
Annual average 40 21
RO PR p.o.ha.‘ Lbcb‘).m.u @‘)Qﬁb e Al 9 AP g_)L..S)J ).».‘L‘ uuLw‘ 5 (V)Jﬁu\?
o s (. . & A
D eal oy (513995 53 Hgmw¥ 90,8 5l ¥ Jouar
TABLE 3 Classification of the propellants® based on their signature
Primary Secondary Restrictions place on
Class smoke smoke the formulation
Smokeless Very little None No aluminum
No AP
Very low level of
condensable species
Minimal smoke Very little Low density and Little or no aluminum,
not frequent Little AP( = 20%)
Very low level of
condensables species
Reduced smoke Littie Yes AP permitted
Very low level of
condensable species
High signature Yes Yes None

“ This classification cannot yet be considered as an international classification.
A working group of NATO/AGARD is now trying to define a standard international
classification.
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Theoretical gas compositien, mole %

Class of propellant o H2 HZO el HF

AP-hydrocarbon 13 6 42 20 -
HMX-nitrocel Tulose- 6 15 20 - -
nitroplasticizer

AP-HMX-ni troce!lulose- 23 23 L -
nitroplasticizer

HMX-f tuorocarbon ki ] 5 - 18

Nitrocellulose- 37 28 g - -
nitroplasticizer
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1 - Fuel-Rich
2 -My,
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1 - Luminosity

2 - Infrared Emission

3 - Concentration of lons
4 - Noise

5 - Acoustic
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K Eguivalent Attenuation  Froquency
Propellant ppm Alterburning dB GHz
CDR 21 ves 16 10
Nitramite 1905 130 yes 16 16
{rminimam smoke MDD
Nitramite 1903 3720 ne 0z 16
(minimum simake CMTIR)
EDB 2633 e 1 18
Butalite 45 o 1 10
{HTEB/AP)
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1 - Final Rolling Operation



15

K400
K300

: . K450
B0
E 4 E.D.B. without flash suppressant
= 5. £.D.B. with flash suppressant

0 ... i L
0 5 10 15

P(MPa}
[1a2ls 55 SUoailpday (B39 &35 39 St 5oy I3l 556 & JSC

gyl ey 50 995 g eIl sl bg, —7
' e 393 gy —1-#

Ayl 393 alio g Sl ot (695 g 7l e S g Job e Ve LTS 5l i o yrasgs
Ol oo el (P S8) 95 e el B8 5 5 (Sl S o3l Dl ally e o bl Ll o el iy
Sy o)) VTl s ge g5 slaglS a5 05 e 85 Bisi S5 4 Ism o8 olSs Lawgi a8

Ligd oo 38, (Fg 699,9 Slgp Sy b8

Fan
f Motar Duet ight source
i a4 16
— ———
& i
= | Burnout of motor Light receiver/
‘% 50 : sensar/detector
8 ; Measurement
2 of absorption
X
0 5 10

Time in seconds
[V 2o 095 g, & S

Ol Gamizred ail od S0y edly slacdl a4 (LS ond JuSis 090 oS cewl ol aliwg ol S5 JISCE
B ol cas 5 5l s (535 1 65l e (152 5 D) 592 Ll BV Lol sl 4l 90 YL Wb jsige o5 Joe
Al o 5155

¥ . e o

[V] o 59 g mSojlul igy -Y-F

§ AT e jaige Sl 5o odd ablil 090 S U ouds Lgamo lga 3l crmwg JUI 5o o culu gyl o
4S ladads 1o Cn)0) cwlio Zdlas ;0 35 79,5 jemme 1 Sgas Sy )0 (G § 498 g ) (5 S ojlil Dl e
CS o 390 s Job 10 S yoeie jekay Ol nl 51 500 (6w SO g 35 o0 oal (WS oo condense 4 £4,5 oS
A5 ol @l glaley g lezdlass jo 1) 090l b oS oo

1 - The smoke meter
2 - subsonic
3 - Free jet
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1 - Smoke Characterization Facility
2 - infrared
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1- inhibitors
2 - thermal insulation



