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Actlo4 
^.r-Ground txplccloot Dlvlcloo 

ABSTRATT: It !• w«ll known that bo«¿ pur« organic «rploblT«» lack 

sufficient oxygen within tte exploelve aolecule to fully ox 1 dim the 

coabuetlble aaterlal present In the «xploalw«. Studie« haw« ehown that 

exploelw«« of thle tjrp«, tened oxygen deficient exploelve«-, can react 

after detonation with oxygen In the aablent ataoephere (afterburning 

proce*«) and in «o doing c+n contribute additional energy to tl«r blest 

wave* The present study has developed data on this process as a 

function of the degree of oxygen deficiency of the exploelve and the 

concentration of oxygen in the teat gas surrounding ths explosiv«. Th« 

explosives used '»»re 1H¿TB (slightly oxygen deficient)) RDX (aoderately 

deficient), and ThrT (highly deficient). The test gaaes wars nitrogen, 

air, and oxygen. The air blast performances of these explosives were 

measured and ralative values of ths air blast energies 1» terms of 

•'nlnlmt «.UM. (■) *»*• foil«»!«« «1»». 

the results: 

U. S. BAVAL ORaUUKi LABORATORY 
mm QMCs HAFT LARD 
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car «J *• ■>#“* »/«• 

*> A»lAt 1 r« te TVfT* Fir«« 1« • ?%«t à« 

•■j loa »* r**t Qm F **I 
(Ofcyi»*> Cfcfici*ocy) ( Frfur* fc«*i*J (lapu«». M»\ê 

TW1TÏ i? 1.00 « .00 

(SlUhtljr Air 1-C2 l.Oj 
D*flcl*nt) 0. -- 

RUXAfcx (96/2) 

(Moderately 
Deficient ) 

Air 

°2 

0.66 

1.07 
1.13 

0.6k 

1.24 
1.51 

TET 

(Highly 
Deficient) 

»2 
Air 

°2 

0.72 

0.90 
0.99 

1 

0.70 

Î.07 
1.39 

Th* afterburning contribution* to th* air blast porformar.ee are 

•een to vary appreciably with both explosive oxygen deficiency and 

oxygen concentration In the teet gas. These contributions range fro* 

the very small values of 2-5% for THETB up to the very large value of 

99% for TVT fired In oxygen. Am a consequence of the contributions 

from afterburning the order of merit of the test explosives varied with 

the ambient gas. In nitrogen gas TRETB is superior to both RDX and 

TUT vhlle In air and oxygen RDX is superior to both TRETB and TUT. 

A correlation of the EU results with heats of detonation yielded 

a direct proportionality betveen the Bf's in nitrogen (no afterburning) 

and calculated heats of detonation using the vater decomposition 

mechanism (H^O (g), CO, CO^ mechanism). On the basis of this correla¬ 

tion, a simple analytic method vas formulated for determining the 

equivalent weights of pure organic explosives fired in inert gases. It 

is anticipated that this method will be useful in predicting the air 

blast performance of explosives at high altitudes (where the after¬ 

burning effect is expected to be negligible). The method may also be 

of value In determining heats of detonation of organic explosives from 

measureswnts of their blast performances in nitrogen. An extension of 

this analytic method was made to account for the Increases in blast 

performances obtained from the afterburning process. 
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T»i® •««•*} of tto fc«rtritt»iloa of oftorturain« to th# air bloat 
pffcr—t« * •tylísS ir«# i# port of to# fe fio# loo# fe—art 0 
fe|i«rta—t # r—pr#—eairv tro« — ol lo<r##t 14ati— loto th# fvoda—d> 
tol rropartl#* of ctmmJ. 'aj bijO «rpl—lra#. Tkia atu^y la aub&ltttd 
aa a partial —1 til loe vo t— ímj probl— la «apio#ira# r«—arch aad 
daralop—oí«, aa —t forth Ir JUfJII/ *906, #atltl«d, "Develop laprovel 
feploa^v## to .or.— la thaï Ity of Air Da?— U—pce#'. 

Thl# #« rk vaa parfor—d under WOL That io. 301-66^^3007/01, 
feploaloo# in Air. 
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their aid In performing the experiments. The author thanks V. 5. Pillar 
and D. Price for their helpful su¿¿*stlooe during tne cour— of thia 
work. 
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1« fwa« U 19t (C I. TVi« • » i««4i •/ i». ) 

■DU« of «t^lc (»7«Mi l*D Mite« IM «t • te.. or «Oitelv« 

tt I« •te**« teWDter* Ute« mkj t moimm t f «ixtel «r« roe 

t«la«4 por «öl« of oiplooi»#. Ooooo«^««ijr. um mo« of tev< olive tor 

T9T 1« bucé tete! 1er tten Um hoot of cxaOvet loo ..tho forter tolt^ o^xit 

22^ kcol /telo eborooo tho lot tor lo f* hcoi/Bolo. 

lo (tetoootloo proco o «o o lirrolrlog ooploofeoo of tilo typo, tho 

pooalblllty thon «xUto for ou—ontloç tho hoot of éotonoUoo hr 

oxldltloc tho dotoootloo producta tLroo— coatoct vl*U oxygen in tho 

ourrottodlng tedlua. Thlo procooo of locrooood oxldltotlou of tho 

dotoootioa producto lo to rte d afterburning. That thlo pro -ooa could 

actually occur, and, «oro Important, could contributo to tho blast energy 

of an exploolvo, vao ccncluolroly doaoootrated In tvo oxporltental 

otudloo coo due tod during World ’-íar IX (2). 

Tho preoent study vas undertaken to adran ce tho understanding of 

this process and Itp offset on tbs air blast perfornance of explosivst. 

Ae first part of thlo report descrlbss tho oxperljwntal phase of tie 

study. This phase consisted of a field program designed to detemJn* 

the effects of afterburning on the air blast perfonsanct of sxploslvss 

having diffarant degrees of oxygon dsflciency, first* in test gas«* having 

varying degrees of oxygen c ou cent rat loo. The second part of the report 

>»«tente an analysis of the afterburning effects, including correlation* 

vitb explosive heat of detonation and oxygen balance. 

* f'xeb«* in parenthesee refer to list of references on pages 25 and 26. 
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•vM* 

^>tfcod 

kpleclwc ccmrlo4 • rt*m of oxjmo éoflelooeioo vmro tint la 

tjtr«« tout §*+••• c^oalatlo# of pur* axygm* air, omA pur« 6ltro««o. 

rw osyc«n aai alt* <««o gaM« v«r« rootalMd In oaoproM balicori. Ä« 

•lr g'Aot porforaaoc«. of It»«« «xploalT*« «»r« âatarmi'jad ao4 tha 

t««ulta for tha air and origan a«'laa of taata «ara comparad to thoaa 

obtaload lo the nltrogan aarlaa (l. a.» thoaa azclodln^ %narbun»log). 

»7 thia tacho 1 qua tha affacta of afta r bum log could ba dlractly 

aacartaload aa fuoctlooa of both tha axploaira oxygon balança and tha 

oxygan coocantratlon In tha taat gaa. 

Taat Kicploilaaa 

Ttaa taa. axploalraa uaad aara lllTB, R&./Vmx (9Ô/2) and TWT (*aa 

Tabla I). Thaaa axploalraa rangad in dagraa of oxy^an daflclancy fvcm 

tha allghtly daflciant TifTB, through tha aodarataly daflclant PER, to 

tha graatly daflclant TIT. Quantitativa valuaa of thaaa daflclanclaa 

are generally expraaaed In tema of tha osqrgen balance» which la defined 

b«r« aa tha uaount of oxygen» ln graaa» contained In one gran of 

axploalre In axcaaa of tha aaount needed for the full conbuetlon of the 

axploalva notarial. By thla definition, the oxygen balance for an 

oxygen deficient exploelve will have a negative value. For the teat 

exploalvea the oxygen balancea ara -O.(A» -0.28» and -0.7^ fer Thtfl'b, 

R£K/Wax, and TWT, reapectlvaly. 

The arpioaira uaad aa a control for tha «xperlnant vaa caat 

Pent» 1Â te. 

Technlquea of Weaaurenapt 

Shock m.a teak preaeure and poeltlve lapulae ware the paranatere 

on which the a*- vlaat perfomeacea of tha teat axploalraa ware 

eetabllahed. The p'a> praaaura » defined aa the naxlnun orerpraeeure lo 

the ahock ware, »rae de a ¿-aloe A by tbe velocity nethod. The ahock wav« 

velocity and the apead of «cmd ware naaaurad by racordlog arrival tinea 

at nine face-oc tourvalAw pie. oa «ctrle gagea (aae ri4'ra 1). The epe«d 

of wound waa determined by tha tv^- eat hod, which alao provided 

2 
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„• ... .« 

i» mr**9ê *t %*m tiM ^ , 

• ••* - * w+ rk <r9m rpe* •« lia* I. **4 « !• t «J *m*9* » — 4 \ km 

po«ltl»» p4a*« of to* *10*1 «%.*. Imlmê»* U to* . 

iapul*« oo4* by toot port loo of to* *o««otery **«• f.* «Oi<% «. 

pr**«. r* I* la *sc*** of atacoplMrle pr***«r*.* TW p^ui^ -, -- 

d*1« or* obv*lo*4 froa Mrhonleoi l*t««rotlao* f »r***. « ■ 9 k* 

^tolo*. r« *l4bt ’ovraoilo* «o«** (•#« fUvr. a), ro* »rttrur» 

for th* r*cord* wo« **toblti«iad u*lo« to* poo« pr***««r** oOt*i*o4 ft • 

th* voloclty aothod. Correct loo* to to* r*corOt4 ;«** pro*«. «* « , w 

record* *or* aod* to account for to* *fr*ct ef fiait* §-r «ia* • 

d*toi;* of tO* pr***ur*-tla* rocordln# *qulpartit, »«o* (b) mmá i S 

Figure* of o*rlt of th* olr bloat jarforaooce* of to* 

e*r* obtolo*d froa th* pr***ur* ood lapul*« teto o* folio** TO* **«* 

rolo** of pooh pr**f i r* w*r* plotted on log-lo« (ropO pop*r ** f-* t •. ♦* 

of r*duc*d dlatone*, X (dlatonc* froa to* cOorg* lo f**t «Intel by • o* 

cub* root of th* chore* weight In pound*). Then. »«leg avtOote te**rts*4 

In (6) and (7), th* weight of that «xplociv* to**u a* wo* •too ter 1 *»* 

do t* mino d that would produce th* eea* p*o« preeaure * * to* *m> 

distonc* e* that obtoinod froa th* ♦ **t •rploglwe. Thi* figure of Mr , 

i* t*raed th* *qulTol*nt weight on a preeeure bo«i* (»^). 

A correepoòdlag figure of writ wo* obtained 0*104 frojOl j. tf 

th* reduced lapul** doto (pocltlr* lapul** dintel by to* mo* root r 

th* charge weight) we reduced dletaoce. Thle figure 1* terwî **• 1 *• .«*1 

weight on on iapulee ho*la (te.). 

(hie other figure of writ wo« ob to load, toi* ow bo:** tnerofl 

froa the lapulee teto •icludlo* th* rootrlbutt«« r • ** ** 

T^l* figure of writ 1* teaigwted oe 

• Coiruiol loo* wer« *lao ante of to* 
coatrlbwtloB of to* .• «.11 «* 

iltiwe 



> 

•» • 

«U* «*■ 

M •• «11* «*■ 

»t la» 1*4 «• \*0 IM •♦-•***• 

•W «W» i-M MM j IC Mil^Ug 

t 

M«.« !•« U " M r<r«nM. f'.t « iu*«lr%i»« t*» fiai« ^ 

f • Ir»»'«* '«1ÍM4 »a»! 

/ •!#. 
:•• »wh» 

•*« ' 4 
’*%? u 

» i 
« 



•*4«r^ 

t;*4 «ir 

u t4 «*■ Mru« «T ateK« fir«4 la aiira^M «»4 air, a 

—rUt mm flr+á U •\*K>mpmmrv af pmrm fW o<j«m vaa ottaiaa* 

rrm rm$rmn«4 aaa frottlaa. IW parity Mia« 99.1W laparltj, 

»•«•latlai aaaily af ■liras««, m» eomaimrrné le ba laal£Blfleaat for 

Uw pMrpoaa« of Uil« «1^. 

mr\ 3-1A loch 11—tar epbaraa with ncalnaJ walcbt* 

All tha ta at charg. ■ wara cantraily Inltlatad with 

r apaclal datoeatora vlthovt tha aid of booatara. 

tha char^aa ara glaao la tha following tabla: 

Co^oaltlon Pfcrta b> tfalght loading 
-1“ 

Valght (pn) Danalty 
pa/cc 

r~5-f 
r 
T.M.D. 

TWIT* 100 Praaaad 
TOFB/Wa* 96/2 Praaaad 
m^fcx 96/2 Praaaad 
TVF 100 Praaaad 
^ntallta 100 Caat 

kie.o 
M3.7 
^15.5 
368.6 
^76.2 

1A8 
1.½ 
1>7 
1.37 
I.63 

83 
63 
83 
83 
95 

1. farlatloaa of ^barga walghta vlthln aach group vara laaa than 0,8^, 

2. $ of thaoratleal -1- danalty. 

balloon if facta 

Prallmlnary ta at a aara condnctad to dataralaa tha affact of tha 

balloon on tha air blast parfornanca. Naaaumnanta aara nada of tha air 

blast ohtaload aalng oast Pantollta (50/50) in two aarlaa of taata. Ona 

•aria« ana flmd In fraa air without balloona and tha othar aarlaa aaa 

firod la balloona containing air. 

■Maur—ata aara nada na da a cribad la tha pracadlng aactiona. 

*aak praaaura and poaitlva inpulaa data ara tabulated in Tab la a II and 

’’*• praaaura data ara alao plot tad on log-log gr*ph papar a« a func¬ 

tion of radacad Alai anca (Figura 5). 
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^ it- • • - *"• te*«, '.te ««'4t* «%« te<**«'<wf 

tte flraí vttftU tte i«lioaa -lafTn I 1« ttet flrai ta fraa 

• ^1* »«iMa aaa 0• *> (t. a.» 0.96 powate ©f tollt« flr«4 la 

fr— *lr »fcowld producá ti» «ate paaà praaaur« at tt« om* 11stanc« »« 

that ofctaload froa 00« jouad of iVntollt« fir«d with a balloon). TW 

pracialoo lodax (standard arror) for thla a^ulvalant waigfc». vaa 1.5i. 

^a It ira Lapulaa rasul ta war a calculated only for tte two «afta 

positions naarest and farttest froa tte charge. Since these results 

revealed no significant difference In tte values of reduced positive 

iapulse obtained frcai tte free air and balloon shots» no further 

analysis was performed on the lapulse data. 

frosi tte equivalent weight result (B/p - O.96 ♦ O.OlU) it seems 

possible that a small attenuation effect may be present In tte balloon 

shots. However» a general rule» based on the experience acquired in a 

large number of programa similar to this one, is that a difference of 

less than 3% in equivalent weight between two exploeivee can generally 

be neglected (provided tte difference does not indicate or form a defi¬ 

nite trend). Using this rule, it vae decided to consider the balloon 

effect to be negligible, and no corrections were made in the program 

for such an effect. 

An effect of Interest vae obtained in this phase of tte program. 

This vas the occurrence of large spurious positive voltage signals in 

several gages at a time approximately one millisecond after the 

detonation of the charge. The time of occurrence of this signal 

corresponded closely to tte time of balloon fragmentation. Since the 

application of electrically conducting paint (graphite base) on tte 

gitges eliminated these signals in the gages, it vas Inferred that tte 

signals vere being produced by electromagnetic radiation emanating from 

the balloon at the time of fragmentation. The source might have been 

electrostatic charges developed on the balloon during Inflation, or 

perhaps, lonixed particles formed during the fragmentation of tte 

balloon. 

The free air Pentolit3 series of shots constituted the control 

eeriee for the progrem. The pressure and impulse results obtained from 

6 
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t&l« mf wmrm l » ( *li* tto r f yr»» la*« tifmr l • 

■M«Ai prucrm** «i « IWieatlw ttel të* yr«M«t ««{«r iMaWi 

••4 aM)jrtl>«l «ara «iilafartory. 

ëal]f»nc Su» *irf*ct 

^o«’ »«riaa of ahota la tba altrogafl filiad balioœa» il ama 

firat oacaaaary to da ta ralo# tba ballooo alia oaadad to praaaot *ny 

r**c^ ^00 datooatloo producta at a tlaa aarly aoou^b to cootrlbiita 

to tba air blaat alth tha air artaroai to tba balloon. Tba azploaiaa 

alth tba fraataat axpactad aftarbumln« (TOT) vaa aalactad for thla 

taat and a aarlaa of ahota vaa firad in nltrogan filiad bal loon a having 

^•■•tara of taro (fraa air), 1.5# 3*0# and U.5 faat. Maaauraaanta vara 

aada of tha air blaat parfozvanca aa daacrlbad In pracadlng aactlona. 

Tha data ara tabulât ad in Tablas II, HI, *od IY and plottad on 

Figuras 6, 9, 12. Equivalant anights vare determined, using TOT In tha 

^•5 foot diameter balloon as a standard. These results are given in the 

follovlng table: 

Ball ocra Diameter 
(in feat) 

Reduced Radius (Ft/lb1^) Bfj 
r 1 

*.5 
3.0 
1.5 
0 

2> 1.00 1.00 
1*6 1.00 0.99 
0»8 1.13 1.30 

0 1,25 1.53 

1.00 
0.99 
1.26 
1.33 

These results indicate the cessation of afterburning contribution 

to tha air blast with tha use of a 3«0 foot diameter balloon. In order 

to provide a margin of aafety, a balloon diameter of ^.5 fe*t vas used 

in all subsequent tests. 

It is interesting to compsira the balloon radius used in this study 

to those used In tha studies of References 1 and 2; since different 

veight charges vara used in tha three studies (nominal weights of O.9» 

0.25, and O.33 pounds, respectively) it is necesaary to compare the 

reduced radii Vr/W^" ), These values for the three studies are calculat¬ 

ed to be 2.V, 1.6, and 2.2 ft/lb*^, respectively. Apparently these 
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• «*r« ^#0*. »imtm « fêmt+4 r«Xt *« cf J.t fn ; » * 

f«r ••Cl»***« «B7 Air »UM e«tr|»Mtlaa fr« %f x • r». r* ! « . 

«we flrl« TWT la altrataa. 

Ualoa Um rafucad radii ral•, U la a*«a tbat tu afUrbur*!«« 

rootrltutlœ eaaaaa at ap^roaUatalj 1.6 ft/lb1 ^ (ü rbarga radii), 

fr ob thl# raavilt va can «tat« that tba datoaatloo producta of TVr, aban 

flrad In nltrogan, trararaa out to a reduced die tanca of at laaat 

1.6 ft/lb1^ and ara capabla of reaction out to this distance ; In 

addition; this reaction can contribute energy to the air blast vare. 

Beyond 1.6 ft/lb^^ no energy contribution occurs, presumably due to 

the detactawnt of the air blast wave from the explosive gas ball. 

These distances, of course, apply only to the nitrogen shots; for 

shots In air or oxygen, the distances could veil differ because of the 

additional reaction of the detonation producta due to afterburning. The 

question then arlase vhether the 2.25 foot radius balloon sufficed for 

the oxygen shots. This cannot be an evered conclusively; however, It 

seems reasonable to answer In the affirmative since the oxygen filled 

balloons contained seven tlees the amount of oxygen needed for the full 

combustión of the TMT charges, and eighteen times for the RJCDC charges. 

Results 

The main series of shots via fired using TRT, RDK/Vax, and T1STB.* 

The nitrogen and oxygen series vere fired In fc.5 foot diameter balloons 

and the air serlas was fired in free air. Psak pressure and positive 

impulse data obtalnad from this «arles are tabulated In Tables II, III, 

and IV. These data are also plottad on log-log graph paper aa a function 

of reduced distance. Mean values of peak pressure versus reduced 

distance are plotted on Figures 5-8, and asan values of reduced 

positive impulse versus reduced distance are plotted on Figures 9 - lU. 

From these data, equivalent weights vere determined, taking the performance 

of THXTB in the nitrogen balloons as a standard of comparison. These 

results are presented In Table V. 

* Due" to a change In charge pressing procedures, the THTB charges in 
the oxygen series contained 2% vax. 
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:::. «aausu or m m—imibi wtwct 

»mm±19lM at W >—«If 
rrxm tb* r««uits pr*M«t«4 la Tafel« f aa «▼•Juatluo of tb« «qul«- 

• laat vmigfet« «rao ocw b« Mte a* a function of tto ojgrgao rooceatratloo 

la tb* t««t caa. Taàloc th* «qulvalrat wtlgbt of aacb «iploclr* flrad In 

nltrogoo M a ataodard of roaparlsoo, the follovlng ranulta ara obtained: 

"Win- 
Test Gaa 

nitrogen 
*lr i oxygen 

T Percent 0_ 

0 
23 

100 

BUr 3U 
7. 

1.00 
1.02 
1.02 

1.00 
1.03 

DC 

1.00 
1.03 

1 

r= 
-.- .,_ REK 
nitrogen 
air1 

oxygen1 

0 

23 
100 

1.00 

1.2fc 

1.31 

1.00 

1.^8 

1.8o 

1.00 

i.32 
1>2 

—-:-- 1 
ttr 

p-'~~-— —--MM 

nitrogen 
air 

joxygen 

0 
23 

100 

1.00 
1.25 
1.38 

1.00 
1.53 
1.99 

1.00 
1.33 
1.64 

1. 2)( wax added to chargea 

Froa theae resulta » it can be seen that the afterburning effect In 
air la considerable 'or both REK and T*T. In contrMt, the effect for 

TMTB, an almost balanced explosive, la negligible. For the oxygen 

aerlea additional contributions are noted for BEK and TFT. These 

additional increases are less than eight be anticipated considering that 

the concentration of oxygen in the oxygen balloons was four-fold that in 
air. A comparison for the TIKB oxygen series was not possible since 
the charges in this series contained wax. 

* Italess otherwise noted in the following, "REK" refers to REK/Wax 
(98/2). 
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•** *¿ Êrnpmrn * W 

TW i• twt tw %n«rWr«;^ froc««« ««« • ». à 

«r««t«r • ' fmrK om tbr po«ltlv« rf t tk« «i«** ' %*£ o« *. b« 

p*mâ pr«««ur«, IM« 1« « r««uit IWt «Iftfct W ««p«ct«4 1 n«—ncfe »« 

«ft«rturolQi 1« « «u«t«lMâ proc««« «cd c«c eontrlbut« mn^rgy to tbr 

bl««t rmv« ov«r « «it««bl« period of it« poaltlr« ^h«««. 

Sine« nrr ha« « «och gr««t«r oxyg«n d«ficl«ocy tb*o RISC lt «IgM 

br exp«ct«d ttt TWT would «bow « gr««t«r r«l«tlr« i»pror«»«nt ln 

p*rforr«tnc« than would RDK, when going fro» nitrogen to alt. The 

resulta, however» reveal that the relative Increases In equivalent 

weights are about the sa as for both explosives. It can be Inferred from 

this that the contribution of afterburning In air Is by no asans slaply 

proportional to explosive oxygen deficiency. 

The results of Table V can also be used to evaluate the after¬ 

burning effect as a function of the oxygen balances of the test 

explosives. For this the Bf results have been retabulated» taking the 

equivalent weight of TCVTB In each gas as a standard of caaparlson: 

Explosive Test das 
Oxygen 
Balance 

" “ r ' .,-- 
Bf Etf EW P I DC 

TVETB 
RDX 
TW 

*2 

-o.ofc 
-0.28 
-O.7U 

1.00 1.00 1.00 
0.86 0.8I* 0.8U 
0.72 0.70 0.70 

THETB 
RDX 
TUT 

Air 

• 
1 

1 
0
0
0

 

V
s?

 

1.00 1.00 1.00 
1.05 1.20 1.08 
0.88 1.0¼ 0.90 

THETB 
RISC 
THT °2 

¡ 

-0.0k 
-0.28 
-0.7V 

1.00 1.00 1.00 
1.11 1.28 1.10 
0.97 1.18 1.06 

Fron the results presented In this Banner» It can be seen that for 

the explosives fired In nitrogen (1. e.» excluding afterburning) the 

order of blast effectiveness agrees with the order of the oxygen 

balances. This result might be expected fro» a qualitative viewpoint» 

since the »ore nearly oxygen-balanced explosives would generally develop 

greater amounts of heat energy In the detonation process. For a »ore 
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«At B » 

It At »*• It •> ^14. »f « ymrtrn, ft« M^«««« r> t« m <«»«t to* 

Ä * <^»7 tw O *.' * • - l«l«i ■ • »•’» ^ ■**■-•--«- w«’ ta« . r« 1 MMt# 

• ■tat 134 b«tw»*a tb* OS74«e 444 « wtt»*r C"1 ■■ef of 14« «aplool*«. 

ln olr ood Lo Qijg*a, AlX !• lh» aoot «ffoctlv« of 14o Ihr«#. 7WT 

ln oltro4#o «cd olr lo tb# l#o#t «rroctlr# «ifloolv« of t4# thr«#; lo 

o'vfoo 1t ottoloo Mcood ploe«. 

I^l* rooult, thol tbo ordar of aorlt of «zploolvoo lo dopoodoot on 

the oxygen concentrot ion of th# oahlent §mm, ohould b# of laportor io 

th# high oltltud# oppllcotion of «xploalr#«. It 1# generolly • #'««#a 

thot ofterburnlng c#o#«a ot high oltltud##; lf thl# 1# tru«, then ttu. 

odvontog# of uciog oxygen bolonccd «xploolre# b#coa#a opporent oa o 

■eona of obtolnlng th# boxIbub p#rforoonce per unit weight of exploalve. 

It con be ehovn fro* the reaulta thot the ofterburnlng contribution 

to the bloat ecercy tBT fired In olr la only a froction of the totel 

wfterburalng energy, fhe heota of coabuation for RDX (2% wax) end TIT 

ore 2.3 kcol/g« end 3.5 kcal/^, reapectlvely. Since both exploaivea 

ore almost completely oxidized when detoneted in olr (8) the equivalent 

weight in olr of TIfl might be expected to be appreciably greater than 

that for RDX. That this la not the coae Indicate# that for TIT fired 

in air the full effect cf afterburning la not transmitted to the air 

bloat wave. 

In addition to ¿te substantial effect on the air blast performance» 

t! afterburning procese also had a marked effect on the position of the 

sec lary shock (Figure 15). For all shots in nitrogen it is seen that 

the ondary shock occurs far in the negative phase of the shock wave» 

and pproximately the same position for the three test explosives. 

In tt .ee air series» this shock moved up close to the crossover 

point for both TNT and RDX, while remaining far in the negative phase 

for TNÍ2TÍJ. In the oxygen series, the secondary shock shifted well into 

the positive phase for TNT and RDX. It is easily seen that these 

shifting effects correlate quite well, qualitatively, with the extent 

of the afterburning contribution to the air shock wove energy. 

An explanation has been advanced for this correlation using the 

generally accepted theory for the formation of the secondary shock 
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M* »5 *»»> r% w ** 

*N • • w .rry '. ik* •• < —r ; »% « • r 14t«•*•« •*. 

* «■» rt«»rt« ««'«r »• • ^ ;»t r«fl#c;| • t ' ta I 

v%lcfe f rM *t t*w rb*rc« *urf»o«. • It 1« k*«l«( tfc* «*'«^4*0 » 

•u«t p*«a ’.hr both th* 9if 1 JO 1 4A« khll ko4 tlM aurrowh^lt« «*«. 

hod, Maying • 4«tMrhi fy ur« lorr«««« «Ith »ft«rt>urQiac • 1 &• 

• p*ed of tb* »«coo<Wr> ibocfc would incr««*«, pwralt1104 .hm »bock to 

Bdvhnco on tb« Min abor■. ttwood on this rwhsoolng it foaslbls 

that a Mtbod «i^nt b« (to/«lopod for dotorvlblnf tb# art en t of 

afterburning In any axplosloo procesa by Masurlng tbs shift of the 

a ‘condary shock. 

CfcYlcualy, the shifting of the secondary shock oad a strong effect 

on the positive lapulee (see Table V). In the nitrogen shots» the 

secondary shock vas too far In the negative phase to contribute to toe 

positive lapulse; in free air, this shock contributed to the positive 

Inpulse for both RDX amd TWT. In oxygen» an even greater contribution 

to the positive lapulse vas aade by the secondary »hock for these 

explosives. 

It should be kept in mind he^e that the perforaance analyses given 

above do not iaply eny chan? .i previously established results for 

air blast perforaances. Previously obtained BJ date for the test 

explosives are still valid; It is only the changes in blast effects 

obtained frois changing the ambient gas from air to nitrogen and 

oxygen that are under investigation here. 

Correlation of Äquivalent Weight vltn Beat of Detonation 

The equivalent weights obtained In this program were correlated to 

computed beets of detonation of the test explosives. A number of 

methods are available for computing these heat values (9)» of these» 

the two most generally used one- are: 

Mechanism I: Brlnkley-Wl'1 ?a Mechanise.: The available oxygen is 

used to form 1¾pig)» CO, and C02 In that order. 

Mechanism II: Klstlak^rky-Wilson Mechanism: The available 

oxygen ¿s -s i to fora CO, H^Oig), and Cn2 .n 

that ordti-. 
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•-* W«A . %àm M*. •' *4 \*m ••»..«*•« i« #-•« 
r*« «*• tM« «r ••stell«* ate • «teii forran lu* ffrflor !• teteá W 

caav«rt 1« • voMlte« relüM Có^Altij* (*t /*cC). 

A corrviAttoa vttA ••^•rlaMteJJj tet«rmli<*4 ««Im« of te*t« o/ 

¿•totetiuM te* col tete •!*«• «o »Mrk tela •■let for IMfl; ai «o. ite 

■ost rollte 1« •rporiteotai teto •rollte!• oppljr to corad ote cooflnrd 

•i^ltelr« chore«* (10) Id cootroat to tte uocoted «od uocoofl^d 

•apio«Ir«• uted la this proerte. 

Ttel« I pro Mota tte boot of tetoaatloo voluoa uslac tte two 

Me boa late tescrlbod teova. (It was aaauted that tte wax in tte REK 

•xploslrs daccnpoted without rwactlae la tte tetooatloa process. This 

aasuaptloo la basad on tte flodlncs of prsrlous studios (11).) 

Tte Id I also prsssnts tte teats of c ate us t loo, ccaputsd in a similar marins r 

as dsscrlbsd abo vs (in tte casa of ROC tte wax Is assiswd to bs fully 

oxldlxsd). Tte corrslstlon analysis was performsd uslaf tte teat valúas 

calculated from Ms ebon Isms I and II. This corrslstlon rsvsalsd tte 

existance of a remarkably llnaar relationship batwaan tte equivalent 

weights In nitrogen and tte teats of datoastion, using Mechanism I. 

These plots are shown In figures 16 - 18 for Wp, and 

respectively. Tte lines shown In ttese figures are least square fits 

of tte data, assuming a functional relationship of tte form: 

»•»»D 

where: 

B/ - equivalent weight (Bip, Btf^ or B/^) 

0! ■ constant of proport ionality 

Rjj * teat of detonation (Mechanism 1) 

Tte use of this particular function outoMtlcolly introduces tte 

reasonable condition that Ul • 0 when BL^ ■ 0. (The joint (0, 0) can 
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•etwa.'Iv i*A«a ms mm mmpsrimmmt+i polat, a.oe« *o «valuatloa of ta* 

air blaat ni f ~a-of aa lo*rt *osploal*aa would plaid aa aqylvalaet 

««lebt valúa of taro.) 
It la »a#D that tba Bt valúa# for tha olt roga o •* ria a fall vary 

cloaa to tba llnaa of rafraailoo* with tha raalduala, which ara O.03 

or lasa, falling within tha limita of axj »rlaaotal arror for aqulvalaot 

walght datarmlnatlooa (aaa Tabla vi). 
On tha basis of this corra1stion, it saaas raasonabla to hypothaslre 

that tha air blast offsets of s pura organic explosiva. In tha absence 

of afterburning, is directly propon.i.ooal to tbs nest of detonation, 

using Mechanism I. Accepting such a hypothesis, it becomes an easy 
matter to de tarai ne equivalent weights for any pu» organic explosive 

(excluding afterburning) simply by calculating its bsat of dstonation 

(Mechanism I) snd applying the equations given on Figures l6, IT end 18« 

Correction factors, involving the explosive oxygen balance, and probably 

heat of detonation and combustion, would then be needed to account for 

afterburning contributions. An analysis of thsse factors is prssented 

in Appendix A. 

TV . CONCLUE; I OH8 

Afterburning can contribute substantially to the blast wave energy 

of organic chemical explosives. Tbs contribution depends in part on 

the oxygen deficiency of tha explosive, increasing, up to a point, as 

the deficiency increases. Tha contribution also depends on the oxygen 

concentration in the ambient gas. As a result of this latter dependency, 

the order of merit of cnploeive performance will vary depending upon the 

oxygen concentration in the ambient gas• 
The air blast performances of the test explosives in the sbssnes 

of afterburning are directly proportional to calculated values of their 

heats of detonation. 

V. FUTURE WORK 

Several experimental programs havs been planned. One, designed 

to determine the afterburning effects for aluminized explosives, is 

Ik 
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omntm/nßL 
ñ./mt W J* 

»MMU, u 0»r P* •ui .r+hmm rnTurturmlm 

camtrtbmtiom» r*»ulil»4 f 

1. TarUtloo* Id cLu-gm wlght (»Tl*rburt»lnt •cclla« l»w) 

2. Iocfmm* 1" turbxLcoc« of dotoootioo producta 

3. VarUtloo« ln char** «hop« 

k. Addition of Chor** ca*ln* 

To *uppl*a*nt th*M •xp*rla*nt*I progrämm, th^>r*tlcal atudlt* 

ar« belog planned bawd on the analytic -ethod* d*T*loped by Kirkwood 

and Brinkley (13). Al*o, tb* wtbod of aolution of tb* ba*ic hydro- 

dyxmmlc equation*, a* developed by Von Heuennn and Rlcbtwyer (1¼), 

will be uaed to etudy the relationehlp* exi*ting between the baeic 

exploclre paraaeter* and air blaet effect*. 
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»i. Afraila a 

Corr«Iat 1 jo of lguly%ltit L4IU <rltb 

Th« »nAlytls of J«ctloo III provided « Mtbod for determining the 

air blast «quivalent weight of an explosiv« by calculai Ing tb« heat of 

detonation of the explosiv« aaterial; however, the equivalent velght 

so determined le 00« exclusive of any afterburning contribution. In 

this section, an attempt will be made to take this factor Into account 

so that the method can be applied to explosives fired in air or other 

media containing oxygen. In order to do this, correlations vUl be 

made using the three pertinent parameters for which data are available: 

explosive oxygen balance, oxygen concentration in the ambient gas, and 

increase In equivalent weight ). These experimental data are 
"2 

tabulated in the following table: 

Increase ln EW due to afterburning: 

2 

Explosive 

-1 

Oxygen 

Balance 

a au 
P Ami ^IX 1 

Air Oxygen Air Oxygen Air Cbcygen 

TNET3 

ROC 

THT 

-0.0U 

-0.29 

-O.7U 

0.02 

0.21 

O.I8 
.- -, 

HD 

O.27 

O.27 

O.O3 

0.U0 

0.37 

HD 

O.67 

O.69 

O.O3 

O.27 

O.23 

ND 

0.35 

O.U5 
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ftAttJtt raf—i W9» 

Tkiê teta cae alao ba tatu lata d la lama of tte ra^atl^a laci «aaa 

lo aqulvadact waLctt )/» : 

Relative locreaea lo Iqulvaleot Weight 

Oxyg.D •"U Basis Tteirf 

Explosive Balance Air Oxygen Air _&qrjen Air Oxygen 
TlfETB -O.OI» 0.02 HD 
RDX -O.28 0.24 O.3I 
THT -0.74 0.25 0.37 

O.O3 
0.48 

-PtJLL 

HD 
O.8O 

O.O3 
O.32 

—■ 0
 0

 

¢
¢

3
 

Plotting these equivalent weight result« against both the oxygen 

balances and oxygen concentrations revealed no staple or direct 

correlation, and since only three data points were available. It was 
not feasible to develop a functional relationship for the data. 

However, it was possible to nahe an assumption about the afterburning 

process which provided at least a seal-quantitative relationship for the 
afterburning effect. 

This assumption was to extend the hypothesis developed in the 

preceding section as follows: The equivalent weight of an explosive 

fired In an oxygen bearing gas will be proportional to the sum of the 

heat of detonation (H^) and the heat energy contributed from the 
afterburning process (H^), using calculated values for and 

obtained from the arbitrary water decomposition aechanIsa.* 

The equations for equivalent weight then become: 

»p - 0.71 [Hj, . 

Wj - 0.70 [Hjj ♦ Ha^ IgOig), CO, C02 Mechanise 

(Mechanise I) 

«Et ■ 0’T° [»D * ** j : 

J 
^ This hypothesis, in effect, constitutes a definition of the heat 
energy contribution obtained from afterburning. 
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■ow. by CAlcuUtlac Ip and d*termini04 

MUbtb. It b*coM* pobdlbl* to CAlculAto vtiua* of Uilag tbooo 

1 voluas aod opplyla« HtchMi«» I, it la poaalbla to datamloa tha 

Mounts of aablaot oxygon, AO, obtoinad fro* tha ataoapbara. Thla 

procaduro vm folloood using tha data obtaload In this prograa. Tha 

ra suits ai-a tabulatad in Tabla VII and plot tad in figura 19. It can 

be sean tram figure 19 that tha calculatad amounts of oxygen obtained 

from the atmosphere form a somewhat linear relationship with the oxygen 

balance of the explosives. Such a relationship appears to be quite 

reasonable from a physical point of view—that is, that tha more 

deficient an explosive is in oxygen, the greater will its potential be 

for the utilixation of oxygen from the surrounding medium. 

It has been shown in preceding sections that the afterburning 

contribution to the air blast is limited, apparently due to the 

détachant of the shock wave in an early stage of the afterburning 

process aid a limit probably exists for the naximua amount of oxygen 

obtainable from the atmosphere. Thus, the linear trend indicated in 

figure 19 should level off as the magnitude of the oxygen balance 

increases; in fact, the data indicate Just such a trend, especially for 

the air series. 

The AO values (oxygen utilised in the afterburning process) based 

on EW are seen to b« quite poorly fitted to a linear relationship. 

This may be due to the limiting effect noted above (and indicated by 

the dotted lines in figure 19), or, more likely, may be due to the 

introduction of the secondary shock into the analysis, this shock 

being in itself functionally related to afterburning. Because of this 

added complication no further analysis will be made in this report of 

the AO data based on the 9*^ results. 

The data presented in figure 19 (except the data based on Wj) were 

fitted assuming a direct proportionality between the variables A) and 

0. B. (oxygen balance). The naximm residuals obtained for A) were 

0.01 for TREIB and PDC and O.O3 fer TET. These residuals expressed 

in terms of equivalent weight were less than 0.C*. 
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î' «• Ifet rm immmuprn I» tlfm* ;* «< 

tte i«A«¿ ~m.ai amytmm *«Uím4 *j ito %«•« .^«1 *«•■ 

vttiM»« cm bm êmXrnrmlmmÀ %s folio»* 

^°totol " vlMr* w !• tfeo cfcorg* w*l4fet La cr«M ood 

AO 1« fräs Um flttod cur»* 

Aw r**ult* or« c1t«q bolow: 

Yot^l Aaount of Obqrfao (Chu.) Utilised froo Atoo*pb*r* 

Kxplosive Air 
-- ■ 

Oxygen 

TIETB 
ROC/Wax 
wr W

r I
J* 

0
0

0
 

5.2 
36.0 

., 8?-°__ 

ID 
lK).0 

^ 21-,2_ 

HD 
5O.O 

124.0 

The boxIbub aaount of oxygen used In the TVr olr eerie*, 89.0 

grou, correspond* to 0 spherical voluae of air having a radius of 

1.4 feet« For the TVT oxygen series, the boxIbub aaount of oxygen, 

12^,0 graos, corresponds to a spherical voIubs of oxygen vlth a radius 

of 0«9 feet. It is of interest to note that these radii are in the 

ruge of values «here the afterburning ceased in the HfT nitrogen 

^xperlaents (O.75 to 1.5 feet). 

The question arir « whether the aagnltudes of the Increases in 

equivalent weights due to afterburning (and, also, the AO values) are 

dependent on the charge weight. So definite answer can be given to 

this question at present; however. It does seen unlikely that any large 

dependence exists. Variations in the afterburning contribution to 

blast perforaance due to variations in charge weight should be revealed 

when the blast performances of different weights of an explosive are 

scaled (using cube root weight scaling); since the scaling of the blast 

perforaance of TVT fired in air, over a large range of charge weights, 

reveals no such variation it is presuaed that the afterburning contri¬ 

butions, per unit weight of charge, are aore or less independent of 

charge weight. 
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ri tsrmvu i 

r+rf 

lb, fUdlaM of to* proto41M o««loo*< •“ »"»ir1»' *"tk£>d 

b. pr.».ot.4 for th. Oofrolootlon of tb. „utroUot ~U»> <rf -» 

órenle orploolro* »!• »tbod U t«.4 oo O- foil«!-. .-Mr 

.xpro..loo rtUtlo, tb. «,ui«l«t «Ubt of « .iplo.!« to It. b..t 

of attonatloo «4 tb. b~t «.rsr ^4.4 fr« te^rburol«: 

-“[■d* 
H. 

at - 

H. 

vter* 

Äquivalent waight of «xploeiva, relativa to TÉKTb 

fired in nitrogen 

Beat of detonation of exploeive (kcal/gn of explosive) 

Beat energy added fron afterburning (kcal/gn of 

explosive) 

(Ö.7I (used when determining Vp) 

/0.7O (used when determining ® 

B» flr.t .t.p of tb. «tbod 1. • 4.t.mlb.tloo of tb. b..t of 

«too.tloo of tb. «plo.lv., U.10« tb. «bltr«, «t.r O.c-po.ltloo 

(ord.r of product. b.ln« Uk« « «¡¡Oit), CO. COg). 

“C mcoo4 .fp 1. . d.t.rmln.tloo of tb. -bl«t ory*« utlllwd 

^ th, rft.rt.umlo« proc... (00). »I» c» ». c^culbfd « folio«: 

a - 

40 ■ B (—0. b.) 



* w 1* 

¿C • 0*7g»« la aftartamio* («■ of 

o*70aaof acploalv«) 

0. *. • Ckgrgao b«I«ac« (0b of 0x7gao par ga of ozploalraj 

0 • Coos cast (aaa tabla bale*«) 

Iba constant 0 dapaoJs on tha sxplosira affect being considered 

(peak pressure or positive impulse» excluding the secondary shock) 

and the sablent gas (nitrogen, air, or oxygen). The values of 0 

(Figure 19) are tabulated below: 

Test das Pressure Basle Inpulse Basle 

nitrogen 

Air 

Oxygen i 

0.00 

O.2A 

°-*_i 

0.00 

O.3I 

O.Aj 

The third step Is the ds terminât ion of the boat energy evolved 

fron afterburning (H^). This Is done by calculating the added heat 

energy obtained fron the reaction of the detonation product* with the 

additional oxygen, AO, obtained fron the atnosphere. The order of 

reaction products for this process Is taksn to be the sane as the order 

used shove In calculating (HgOfg), CO, CO^)« 

Upon obtaining and H^, the equivalent can be obtained directly 

fron the basic equation: 

* - “[V V> 
As an exanple and a check of the astho^ described above, an 

evaluation vas nade of the explosives tested In this progrès. 'Dable I, 

listing explosive properties, vas usad for obtaining valúas of 

and 0. B. 
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a*i au «ri* 

Pr« •• -r» 1« 

Tftat 0«a 
0. I. .*0 «D-«» (Cftlculftt#4j 

-K- 

( t»p«r L—cfi,/ 

TIRI/l, 

/Air 
nim;o2 

R«/"2 
BDX/Alr 
«nx/o2 

Twr/n2 
TWT/Alr 
T!rr/o2 

-o.ofc o.ooo 
o.cao 
0.01¼ 

0.000 1.AA6 

O.OA2 l>ôe 
0.059 1.505 

-0.2Ö 0.000 0.000 1.195 

O.067 0.266 1.^6} 
0.095 0.378 1.573 

.0.7¼ 0.000 

0.178 
0.252 

0.000 0.98¼ 

0.299 
0.1*35 

1.283 
1.1*19 

1.03 

i jti 
1.07 

0.85 

1.0¼ 
1.12 

0.70 

0.91 
1.01 

1.00 

uot 
ID 

0.06 

I.07 
1.13 

O.72 
O.9O 
0.99 

Ispalse Bftftla (Excluding Secondary Shock) 

Explowive/ 0. B. ¿C ■a V*A (Calculated) 
gw 

(Experimental) 

TIETB/lg 

flETB/Alr 
TIETB/O« c 

RDX/N2 

RDX/Air 
REOC/Og 

TlfP/lg 

TIT/Air 
TET/Og 

-0.0¼ 

-0.20 

-0.7¼ 

0.000 

0.012 
0.017 

0.000 

0.007 
0.120 

0.000 

0.229 
O.318 

0.000 

0.051 
0.072 

0.000 

0.3^7 
O.U78 

0.000 

0.337 
0.715 

I. . .'J 

1.¼½ 

1A97 
1.518 

1.195 

1.5¼2 
1.673 

0.98¼ 

I.37I 
1.699 
_ 

1.01 

1.05 
I.06 

0.8¼ 

I.08 
1.17 

O.69 

O.96 
1.19 

■ 

1.00 

I.03 
ID 

0.8¼ 

1.U 
1.19 

0.70 

0.93 
1.15 

_III-1 
lote that the calculated Btf result« fall within > kj of the experi^ntally 

determined results. 

As an additional check on the usefulness of the proposed method, ealeu 

lations were made of the equiraient weights of Ixplosire D (C^l^) and 

Pentolite (PKPI/nfr, 50/50). The results of these calculations were found 

to be in reasonably close agreement with the experimentally determined 
equivalent weights for these explosives. The results ere given beige; 

22 
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ferploeive Calculated 

(fired in air) kce^l/^ 0. B. Value^ 
experimental Value 

and Standard fc-ror^^ 
Bxploelre D1 0.t6 -0.52 Bip • 0.69 »p • O.76 ♦ 0.04 

Reoiollte* 1.20 -0.42 
IX 

'p 1.00 

IX 

i.oi ♦ 0.03 

Hot««: 

1* SxperlMDt&l and chemical data arc from reference (12)» except 

BfjX» vhlch vas obtained from unreported data obtained lo firing program 
of 1 lb caat apbere« (*0L). 

2. Chemical date arc fres reference (12); experimental value 1« 

from thi» program. The tvo compooent«» PITH and TFT, are asauaed to 
react Independently of each other. 

3. Reference exploalve la TMTB fired in 1^. 
4. Cat laated value« of atan dard error«. 

In the analyela of the equivalent weight of Pantolite, it vaa found 

that the total heat evolution vaa equal to 1.40 kcal/gm. Thia value la 

almoat equal to the value of the air blaat energy obtained at the charge 

aurface for Pantollte (1.45 kcal/^) aa determined by Kirkwood and 

Brinkley la their theoretical analyela of air blaat wave a (13). Although 

no explicit accounting waa made in that analyela of the afterburning 

effect, aeveral experimental peak preeeure value« cloae in to the charge 

were uaed (to determine conatanta of Integration) and It la preawed that 

the«« data Implicitly Introduced the effect« of afterburninf into the 
analyela. 

It should be quite apparent from the diacueaion in the preceding 
«actions that the analytic method presented herein is rather crude, 

particularly In regard to the correction tern accounting for the after¬ 

burning effact. However, In the absence of other suitable analytical 

methods of this type, It la considered to have utility, at least in 

practical evaluations of exploalve effects. It la also hoped that the 
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1* 

TOLS II 

lot«« ccmmm to all expio«Iw «Ixtaros 1« thla tobio: 

1« froomm oro in p*i. 

2. f • Hmb Omrprooomo. 

3. X • B«dne«4 DlrUae« d/lf1/3 (ft/»1/3). 

X. ^ Op • Standard Dtrlntloo in Bar Cant. 

5. £ op ■ Standard Arror In Bar Graft. 

6. • • Indleata« datan dlacardad in accordanc« with 
Gritarion. 
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TáMJ 11, Oast’« 

IM fi u—mrt -r—tollU la fr— Air 
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TAILS II, Garni •à 

tmà. Praêaor*-IWt la k.} ft Ij lallnoa 

abotVv 6.00 7.06 8.11 9.k3 11.27 U.» 17.ÇÍ a.ao 

9V° 19 

20 
35 
37 

P 
$ 0p 

*•> 

16.W 
16.90 
17.13 
17.01 
16.99 

16.90 
1.5 
0.6 

11.65 
11.78 
12.80 
11.00 
11.6k 

11.05 
5.k 
2.k 

8.76 
9.56 

10.21 
8.76 
9.61 

9.38 
6.6 
3.0 

7.21 
6.66 
6.75 
6.36 
6.69 

6.73 
k. 5 

l. 9 

5.15 
k.78 
k.8k 
k«8l 
5.15 

k. 95 
3.8 

l. 7 

3.61 
3.58 
3.63 
3.61 
3.60 

3.61 
0.6 
0.2 

2.k0 

2.kl 
2.k0 

2.k0 
0.1 
0.0k 

1.71 
1.71 
1.73 
1.72 
1.72 

1.72 
0.2 
0.06 

PMk Pr*s»ur«-WT In 3*0 ft % Inllw 

ShotVN 6.00 7.05 8.10 9.k2 11.26 13.62 21.78 
a «

 &
 

s 
*
.•

*
*
•

 

1 17.53 
16.90 
17*11 

nk.62 
15.98 
17.k5 

16.99 
3.6 
1.6 

11.86 
11.70 
12.k5 
11.87 
12.37 
12.66 

12.17 
3.0 
1.2 

9.63 
8.71 
8.82 
8.k3 
8.76 
9.2k 

9.03 

2.0 
L._ 

6.70 
7.17 
6.7k 
6.71 
7.22 

«7.87 

6.91 
3.8 

1.7 

5.16 
k.78 
5.53 
5.16 
5.15 
5.13 

5.15 
k. 7 

l. 9 

3.61 
3.58 
3.63 
3.61 
3*61 
3.59 

3.60 
0.5 
0.2 

2.kl 
2.90 
2.9k 
2.92 
2.kl 
2.91 

2.75 
9.5 
k.O 

1.7k 
*2.05 
1.71 
I.76 
1.68 
1.71 

1.72 
1.7 
0.8 

30 
COVIDHRIAL 

»i i i 



7AMLM U, OobC*4 

tak Pr—m¡rm-rwt U 1.9 Fl *2 Ètãloam 

Shot# k 6.00 7.06 6.11 9.62 U.27 13.6» 17.06 

9V0 86 
89 
92 
95 
97 
90 

P 

*#P 

17.71 
17.72 
18.53 
18.38 
20.26 
20.U 

18.» 
6.¼ 

2.6 

12.85 
13.90 
13.86 
13*36 
13.22 
13.76 

13.69 
3.1 

1.3 

9.37 
9.73 
9.70 
9-62 

10.67 
10.68 

9.90 
6.7 

1.9 

7.66 
7.30 
7.27 
7-22 
7.90 
7.90 

7.56 
6.2 

1.7 

5.56 
5.56 
5.56 
5.15 
5.69 
6.01 

5.55 
6.9 

2.0 

3.99 
6.00 
6.33 
3.95 
3.95 
3.95 

6.03 
3.7 

1.5 

2.95 

4:n 
2.92 
2.92 

*3.26 

2.Ç6 
0.6 

0.6 

1.76 
1.76 
1.73 
1.72 
1.72 
1.72 

1.73 
0.6 

0.3 

Psak Pr« ««0*«-TIT Fr— Air 

a*** 6.00 7.06 8.11 9.61 1 11.27 13.66 I7.O6 21.80 

9V0 20 
a 
36 
38 
39 
61 

p 

**P 

18.38 

19.38 
18.86 
18.32 
13.82 

13.75 
2.3 

1.2 

I6.60 
15.16 
16.58 
13.70 
I6.O6 
I6.56 

I6.63 
3.5 
1.6 

10.68 
IO.69 
•9.60 

»10.11 
10.66 
10.66 

10.66 
0.3 
0.1 

7.90 
7.57 
7.20 
7.56 
7.88 
8.38 

7.75 
5.2 

2.1 

5.50 
7.05 
5.15 
6.00 
5.99 

m 

5.96 
12.12 

5.6 

3.95 
6.30 
3.96 
6.26 
3.96 

6.08 
6.7 

2.1 

2.92 
2.92 
2.92 
2.91 
2.91 
2.91 

2.^2 
0.2 

0.1 

2.06 
2.O6 
2.06 
2.O6 
2.05 
2.05 

2.06 
0.2 

0.11 
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‘4 TAU II» tat 

ftafc rr+m TWT la A.5 n 0f % 11 ana 

S 
6*00 7.06 0.U 9.k3 n.»7 n.6* 17rf6 21.80 

> 

9*0 5^ 
55 
65 
69 
85 

F 
F «p 

*•* 

20.2A 
19.78 
a.oA 
a.59 
22.32 

20.99 
k.9 
2.2 

1 

1A.79 
lA.lA 
lk.A3 
1A.65 

•16.25 

1A.50 
2.0 
1.0 

10.96 
10.96 
10.66 
11.3k 

*12.86 

10.98 
2.5 

1.3 

0.2A 
8.O6 
7.9k 
6.13 
8.35 

8.1k 
1.9 
0.9 

6.26 
5.97 
5.91 
6.21 
6.33 

6.13 
3.0 
l.k 

A .AA 

1$ 
k.k7 
k.k9 

k.3k 
k. o 
l. 8 

3.25 
3.01 
3.1k 
3.01 
3.12 

3.11 
3.2 
l.k 

2.09 
2.12 
2.17 
2.17 

•2.3k 

2.1k 
1.8 

0.9 

& . 
Faak Praaaora-KlS in A.5 rt i2 * dloon 

P7 5.88 6.91 7.9k 9.¾ U.03 UAL 16.70 

9*0 k3 
50 
51 
53 

g 

F 
i «p 

^•F 

20.66 
20.00 
18.39 
22.39 
18.90 
19.73 

20.01 
7.1 

2.9 

13.8k 
13.30 
13.36 

*lk.85 
13.76 
X3.kk 

13.5k 
1.8 
0.8 

10.06 
9.90 
9.k8 

10.22 
10.12 

y mW 

9.81 
k. 5 
l. 8 

8.57 
8.55 
7.51 
8.09 
7.75 
f 

8.02 
5.7 

2.3 

5.81 
6.01 
5.50 
6.09 
6.12 
5.k7 

5.83 
5.0 
2.0 

k.ké 
k.k5 
k.lA 
k.38 
k.17 
9 OC 

A.26 
k. 7 

l. 9 

•3.53 
3.09 
2.96 
3=.16 
2.89 
3*91 

3.02 
3.5 
1.6 

•5.69 
2.07 
2.01 
2.17 
I.98 
?t19 

2.07 
3.7 

1.7 

1. aaz a44ad 

3* 



'4 rjtfU II, Omm% 

Air 

maté kÁ 5.86 6.91 7.9¼ 9.23 11.01 16.70 »J» 

gyo k2 

k6 
5« 
TO 

f 

23.19 
«3.33 
19.31 
19.28 
«3.67 

21.76 
10.¼ 
t.6 

1/6.09 
17.11 
16.12 
15.68 
10.22 

16.6¼ 
6.2 

2.8 

12.06 
11.30 
12.(3 
11.88 
12.50 

12.09 
3.7 

1.7 

9.16 
9.30 
9.12 
9.16 

•9.83 

9.10 
0.9 
0.¼ 

6.5¼ 
6.07 
6.55 
6.07 
6.91 

6.75 
2.7 

1.2 

^96 
^06 
^07 
¼•79 
Ml 

^88 
1.3 
0A 

3.62 
3>1 
3^ 
3*20 
3.^ 

3^3 
¼.¼ 
2.0 

2.22 
2.26 
2.20 
2.33 
2.25 

2.25 
2.1 

1.0 

FMk ^.5 Ft HI loo« 

Shofcl \ 5.88 6.91 7.9¼ I 9.«3_ U^)3 13.35 16.70 

1 22.2¼ 
26.26 
23.70 
25.¼¼ 
22.9¼ 

*02 
7.0 

3.1 

16.03 
19.09 
16.09 
17.09 
15.02 

16.67 
9.3 
¼o 

U«lB 
*•33 
11.91 
12.3¼ 
11.31 

12.22 
10.¼ 

W.7 

9.^9 
10.* 
9.75 
9.86 
9.33 

9.73 
3.6 
1.6 

6.80 
7.31 
7.18 
6.9¼ 
6.32 

6.91 
5.6 

2.5 

^86 
M3 
5. * 
^68 
^39 

¼•0O 
6. ¼ 

2.9 

3.61 
3.5¼ 
3.56 
3*62 
3.25 

3.W 
Í.2 

1.7 

2.3¼ 
2.37 

*2.52 
2.32 
2.31 

2.3¼ 
1.1 
0.6 

1. mx MM 
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TA*Li n. Coat '4 

taak PrcMur* mn la 4,5 fl *2 lallnoa 

mait k 3.8? 6.90 7.93 9.22 11,02 1 13.3* 16.69 21.32 

9*0 Zi 

% 
Ö7 

P 
^•P 
+ t 

21.73 
19.5* 
26.02 
23.69 

23.2* 
15.5 
7.8 

15.83 
16.13 
17.07 
15.81 

16.21 
3.6 

1.8 

11.51 
11.57 
13.0* 
10.61 

11.73 
8.0 

*.0 

8.50 
8.17 
9.18 
8.32 

8.5* 
5.2 

2.6 

6.3* 
6.07 
6.92 
5.81 

6.28 
7.6 

3.8 

*.57 *.6l *.8l 
*.25 

*.56 
5.1 

2.5 

3.33 
3.2* 
3.28 
3.00 

3.21 
*.5 

2.3 

2.22 
2.10 
2.22 
2.0* 
2.1* 
*•2 

2.1 

flhot 6.90 ? «93 9.22 11.02 13,3» 16.69 21.32 

9*0 29 

2*1 
*9 

* 
i 
*4 

22.11 

22.11 
19.57 

21.26 
6.9 
*•0 

15.30 
15.69 
16.11 
1*.29 

15.35 
5.1 
2.5 

11.25 
11.08 
ll.*0 
10.55 

11.07 
3.3 
1.7 

9.05 
8.57 
8.93 
8.61 

8.79 
2.7 
1.3 

6.97 
6.78 
6.63 
6.33 

6.68 
*.0 
2.0 

«.08 
*.82 
*.7* 
*.56 

*.80 
*♦5 
2.2 

3.38 
3.37 
3.3* *3.13 

3.30 
3.6 
1.8 

2.26 
2.18 
2.26 
2.13 

2.21 n 



feat Pra 

TABLE II, Coat'4 

-ran1 u ft feiiw» 

Shot t ^ ?-87 6.90 7.»3 9.22 11.02 13.3* 16.69 21.32 

JtO 56 
5Ö 
71 
72 
7* 

? 

25.19 
23.66 
19.59 
2*1.18 
20.13 

22.55 
11.2 

5.0 

16.27 
l6.*5 
13.69 
16.76 
1*.71 

15.58 
8.5 
3.8 

12.0k 
11.50 
10.03 
12.7k 
11.05 

U.k7 
8.9 

k.o 

9.1k 
8.88 
7.75 
8.89 
8.56 

8.6k 
6.3 
2.8 

7.05 
7.10 
5.6k 
6.52 
6.58 

6.58 
8.9 
k.o 

*•96 
*.79 
k.28 
k.6k 
k.65 

k.67 
5.k 
2.k 

3.5k 
3.21 
2.95 
3.31 
3.32 

3.27 
6.5 

2.9 

2.29 
2.16 
2.05 
2.21 
2.07 

2.16 
k.7 
2.1 

1« 2f wax added to all charges in this series 
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tAMÀÆ Ul 

roairzft umnsi mmiun (zkudxk aroiWT adck 

Wot*» oohbob to all «xpIoolTt Hixtur«« la till« tabla: 

!• T^ml— data art la pal-aa 

2. fa Naan Poaltlva Típula# (pal-aa) 

3« C • Naan Raduead Foaltlta lapulat, I/^3 (fl-mm/li^3) 

k. i • Standard üanriatlon in Par Cant 

5. i \ • Standard Error la Par Cant 

6« * Indi catas datua dlaeardad in aceordanes with Cbaartaat's 
Gritarlo«* 

T. X - Raduead Distance d/W1/3 (ft/lb1/3). 



■A* »C ÄÖ^JPT ûrfH 

TABU XII (Coat'd) 

posrrm iHpuLsi-fBfroLrri a nuu ah 

TABLE III (Cant'd) 

POSITIVE INFULBE-PEVR)LITE H U.5-Pt AIR HALLOO! 

~ TT57 —- 1^.7¼ 

5W0 12 
13 
U 
15 
16 
17 

8.36 
*9.91 
8.3*» 
8.2¼ 
8.2¼ 
8^7 

8.33 
8.19 
3.7 
1.6 

¼.22 
¼.67 
*».59 
¼.63 
*».5*» 
¼.91 

*».59 
*».51 
*♦.9 
2.0 
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TAAUI 111 ^ComX 4 ) 
Któirm oruiA* — twr a %.5-r% ^ >âLux)g 

Shotfvk —05-“ TO 11.56 ” —rro- 

9U0 22 

25 

27 

33 

3H 

4o 

T 
ï 

t £ i Í 

4.23 
4.65 

5.19 
4.34 
5.09 

4.50 
4.72 
4.38 
5.15 
5.45 

4.77 
5.02 
8.8 
2.8 

4.42 
4.16 
4.89 
4.61 
4.70 
4.71 
4.26 
4.42 
4.29 
4.14 
5.20 
5.30 

4.59 
4.83 
8.5 
2.4 

3.95 
3.79 
3.65 

3.51 
3.75 

*2.95 
3.^3 
3.57 
3.91 
3.89 
4.14 

3.76 
3.96 
5.8 
1.8 

2.96 
2.87 
2.97 
2.94 
2.77 
2.84 
2.50 

2.60 
2.84 
2.67 

*3.30 

2.80 
2.95 
5.8 
1.8 

38 _ 
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fOtfirnrs 

tA*U III (<*"* <) 

¡mam - nr a 1.5-^t ^ *alua* 

TABLE III (Coot’d) 

posirn* DffüiÄi-Tifr a rsi* air 
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W * 

TaALC XU (Cast i) 

R/^rrnr* umrL&ã fwt n k.i-ri o? 

TABLE III (Cool’d) 

POSITIVE IMPULSE-REX* Of 4.5-Pt ^ BALLOOH 

Shot # W .7-<* ' 9.23 II.03 . 13.35 

9WO 13 

50 

51 

53 

63 

6¼ 

H 

6.2C 
S.?! 
6.19 
5.31 
6.20 
5.71 
5.51 
5.51 
6.52 
5.91 
5.73 
5.½ 

5.83 
6.01 
6.5 
1.8 

5.27 

5.13 
5.U 
5.31 
5.60 
5.23 
5.21 
5.57 
5.31 
5.01 
*.96 

5.28 

3.8 
1.1 

%.79 
*•88 
*•65 
*.*9 
*.5* 
*•32 

*5.38 
*.*9 
*•62 
*.31 
*.51 

*.56 
*.70 
*•0 

—Iti „ . 

*.01 
3.67 

3.87 
3.70 
3.55 
3.22 
3.31 
3.53 
3.*6 
3.55 
3.36 

3.57 
3.66 
6.8 
2.2 

1* «ox «4d»4 

kO 



UMLí XU (Ccat'éJ 

foorrpri upvLsi ia1(nio ai*) 

1 fcdt A~ —735- sTö r-u.bi —ir.55— 

9*> k2 

*^5 

k6 

52 

70 

î 
« 

* S 

7.* 
Ô.53 
7.23 
8.15 
7*8A 
7.78 
6.io 
6.53 
7.35 

7.53 
7.76 
9.5 

_3*2 

7.^ 

6.9* 
6.%5 
7.58 
6.VA 
6.6V 
7.15 
6.66 

7.9V 

7.01 
7.23 
7.3 

__ 

6.65 

V.89 
5.37 
5.52 
5^7 
5.62 
6.28 

5.99 
5.69 

5.76 
5.* 
8.9 
3.0 

5.17 
V.55 
V.Vl 
Vo72 
V.30 
V.O6 

« «• 
V.07 
k'76 
V.OO 

V.V6 
V.60 
8.7 

-2^ 

■ABU HI (Cant'd) 

POSITIVE IMPULSE-REX* II H. 5-ft O2 BALLOOH 

Shot #\X _ 7.Ä -ær- 11.03 13.35 

gwo 59 

66 

67 

66 

J 1 

8.16 
7.77 
9.97 
8.5V 
8.86 
7.92 
9.5V 
7.78 

8.57 
8.8V 
9.7 
3.V 

6. V6 
7.59 
8.1û 

7.35 

7.22 
8.03 

7. H6 
7.69 
8.1 
_ 

6.10 
6.33 
7.02 
6.55 
6.83 
6.6V 
5.9V 
6.81 

6.53 
6.73 
5.8 

. 2,1 

5.33 
5.05 
5.30 
V.9>i 
5.87 
5.52 
5.59 
5.32 

5.36 
5.53 
5.6 
2.0 

1. Z+vwiX addnd 

U 
COP If UAL 



TABU Zli (Coat <t) 

K>oirrrK ZHrvLic ron za %.5-rt ■? bauz»« 

r8»i/VA ri! *>■ ll.oe r"D;i* 

9B0 23 

32 

kJ 

i 
B 

* 
L* % 

6.6k 
6.k6 
6.61 
6.37 
6.53 

6.53 
6.73 
1.6 
,7k 

6.26 

6.0k 
5-50 
6.38 

6.0k 
6.22 
6.5 

_Íi*_- 

5.72 
5.95 
*•35 
k.51 

^ *.73 
5.28 

5.09 
5.2k 

13.O 
_ÍSÀ_ 

k.32 
3.67 
3.57 
3.37 

k.36 

3.86 
3.96 

U.7 
■ ■ 2-2 1 

TABUS III (Coast'd) 

POSITIVE DffULSÄ-TWTB H FRB AIR 

□ 02 □ 9.¿2 “ 11.02 13.3* 

29 

31 

k* 

*9 

Í 
I 

-L,1 

6.39 
5.70 
6.72 
5.69 
6.95 
7.08 
6.*o 
7.29 

6.53 
6.73 
9.2 « 
3.2 1 

6.01 
5^8 
5.8* 

•5.27 
6.03 

6.17 
6.27 

6.03 
6.21 
2.7 
1.1 

5.91 
5.87 

5.17 
*.92 
5.07 
5.*o 

5.39 
5.55 
7.7 

_lf2_ 

•5.22 
*.55 

*.15 
3.63 
*.*5 
3.96 
*•22 

*•16 
*•26 
8.1 

_hl 

kZ 
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a* R «a T WJ* 

TAIL* III iCoBt «) 

«arrive mpuljj-narra1 a %.5-ft ialluoi 

i 
2% Vax added to all chargee in this aeries. 
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tAVUC T tf» 

TAIL*. IV 

POSITIVE UTULâE fUSULTb (EXCLUCDK òWXKiAKT SMXK) 

Rotes coMOO to all explosive alxtures In thlr table: 

See Table III for definition of syabol* 

See Table III for results for series in 3.0' and fc.5’ *2 ^11°°11- 

(Secondary shock does not contribute to positive isqpulse in these series. 

U!» 
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TAJO 1? 

Ksrrir* xhfulo-tit u i.)-rx aaluvj 

(•-<clhkâlC4 Mcoodary »hock) 

Shut # \ A 8.11 —9^r" 11.27 ij."6k 

9UU 66 

89 

92 

95 

97 

96 

Î 
I 

* 2 3L-*_ 

5.¾ 

•6.3*» 
5.71 
5.79 
5.51 
5.13 
5.79 

5.59 

5.56 
5.8k 
k. 3 
l. 6 

•6.22 
5.35 
5.19 

5.31 
5.39 
5.25 

•5.68 
5.36 
5.27 
5.38 

5.32 
5.59 
l.k 
0>5 

k.83 
k.96 
k.kl 
k .80 
k.09 
k .20 
k.k6 
k.58 
k.31 

3.96 
k.39 

k.k6 
k.66 
7.3 
2.2 

3.5k 

3*58 
3.71 
3.:^6 
3.kl 
3.38 
3.29 
3.51 
3.k7 
3.6k 
k.I 
^■5 

TABU IV (Coat'd) 

POSITIVE IMPULSE-TfT Dl FREE AIR 

(•xcludlng •econdary Bbock.) 

Shot # \ A —rar“ -9*5- ii'.SÉ 13.^ 

9WO 20 

21 

36 

38 

39 

kl 

Î 
S 

* ? 4 *« 

6.3k 
6.15 
5.99 
6.90 
5.80 
5*62 
6.97 
6.28 
6.28 
6.32 
6.12 
5.9k 

6.23 
6.5k 
6.k 
1.8 

5.57 
5.k0 
5.83 
5.7k 
5.87 
5.05 
6.00 
5.18 

*3.90 
5*3 
5.73 
5.5k 

5.58 
5.86 
5.1 
1.5 

k .26 
*5.05 
k.k8 

•5.20 
k.36 
k.59 
k.17 
k.69 
k.30 
k.kl 
k.07 
k.bl 

k.39 
k.6l 
k.6 

L_LL_ 

3.82 
3.38 
3.85 
3.71 

3*9 
M m 

3*9 
3*7 
3.59 
3.78 
3.71 

3.63 
3.81 
k. 7 
l. 5 

COHFIDHfTIAL 



TAJJJt rr 'Samt ’a J 
Fosrrnr* dêvlsk twt a k.)-rt o? ialioo* 

(•xcludlat »«coodary »hock) 

-Shot #-^ B.n 9.V5 1 U.27~" ÏÏT55 

9W0 5U 

55 

65 

69 

1 
£ 

_Ji_I 

6.72 
7.16 
7.27 
6.70 
7.36 
6.69 
7.81 

7.10 
7.tó 
5.9 
2.2 

6.7V 
6.53 
6.16 
6.56 
5.61 
5.70 
5.89 
6.97 

6.27 
6.58 
7.*» 
2.6 

5.51» 
6.11 
5.6¼ 

4.85 
5.06 
5.52 
4.81 

5.36 
5.63 
8.7 

■ _ 

3.84 
4.14 
3.67 
3.77 
4.32 
3.97 
4.26 
4.01 

4.00 
4.20 
5.7 
2.0 

TABLE IV (Cant'd) 

POSITIVE IMPUIJ3JE-Kff1 H FREE AIR 
(excluding •ecoodnry ehock) 

COBPimTIAL 



tajlí rr (cost •> 

Dtfn/Loi TO1 IJ L.5-F1 C iALUA^i 
(•xclkfellac —caodmrj •^ocl) 

Shot / À 7.9^ sjn il. 03 —nnr_ 

5*0 59 

Î 
I 

* I 
±J_ 

1.21 
7.07 

•9.06 
7.76 
7.61 
7.10 
8.21 
7.05 

7.*7 
7.69 
6.1 
2.3 

6.05 
6.6A 
7.32 

6.66 

6.26 
7.01 

6.66 
6.86 
7.0 
2*9 _ 

5.30 
5.51 
6.22 
5-69 
6.07 
5.67 
5.5O 
5.7¾ 

5.7H 
5.9I 
5.*» 
_ 

•
•
•
•
•
•
•
•
 

•
•
•
•

 
*
*
*
*
-
*
 
J
*
 
J
*
 

iT\^t 
CNJ 

1. 2Í ymx adted 

TABLE IV (Coat'd) 

POSITIVE IMPULSE-WfTB III FREE AIR 

(excluding *600048X7 *hoclc) 

Shot —Ik 7.93 9.2¿ 11.02 ».:* - 

9WO 29 

31 

uu 

»»9 

jj_ 

6.39 
5.70 
6.65 
5.69 
6.95 
7.08 
6.L0 
7.10 

6.U9 
6.68 
8.7 

_hi_ 

6.01 
5.70 
5.8U 

•5.27 
6.03 

5.95 
6.20 

5.96 
6.11» 
2.9 
1.2 

5.68 
5.5I 

5.17 
U.92 
5.07 
5.36 

5.28 
5.U 
5.^ 
2.2 

U.89 
U.55 

U.I5 
3.63 
U.U5 
3.96 
U.18 

l».26 
^.39 
9.7 

»»7 
CGKFIDBrflAL 
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’’NOTICE: When Government or other drawingf, specifications or 
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a definitely related Government procurement operation, the U.S. 
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NUMBERS CORRESPOND TO VELOCITY GAGE NUMBERS ON 
FIGURE I OF THIS REPORT 

A PORTION OF A VELOCITY RECORD 

CAL¡eHAT ION 

STEP 

ONE MILLISECONDS T M'NG M A H K r 

PRESSURE- TIME RECORD 
CHARGE COMPOSITION TNT 
AMBIENT GAS OXTGEN, IN 4 1/2 FT D'AM BALLOON 

CHARGE WGT 0 85 lB 

PEAK PRESSURE 8 06 PSI 
POSITIVE IMPULSE 6 T5 PSl - MS 

DISTANCE FROM CHARGE 8 95' 

FIG 2 TYPICAL RECORDS 
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FIG 3 CHARGE SUSPENSION USING BALLOON 
(SECT ON VIEW) 
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FIG. 5 COMPARISON OF PFAK PRESSURE VS REDUCED 
DISTANCE FOR CHARGES FIRED IN AIR WITH AND 
WITHOUT A BALLOON 
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:D<«riA*. 
HA.C«r fc/ »4 

FIG. 6 PEAK PRESSURE VS REDUCED DISTANCE AS A 
FUNCTION OF BOTH OXYGEN CONCENTRATION IN 
TEST GAS AND BALLOON SIZE= TNT RESULTS 
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hawO*o •<*o*r At )« 

'j-4~ 5 6 8 10 15 20 25 SO 35 

REDUCED DISTANCE X * D/W3 (E T/LB ) 

FIG. 7 PEAK PRESSURE VS REDUCED DISTANCE AS A 
FUNCTION OF OXYGEN CONCENTRATION IN TEST 
GAS-RDX RESULTS 
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FIG. 8 PEAK PRESSURE VS REDUCED DISTANCE AS A 
FUNCTION OF OXYGEN CONCENTRATION IN 
TEST GAS : TNETB RESULTS 
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REDUCED DISTANCE X* D/W,/5 ( FT/LB,/3 ) 

FIG. 9 REDUCED POSITIVE IMPULSE VS REDUCED 
DISTANCE AS A FUNCTION OF BOTH OXYGEN 
CONCENTRATION IN TEST GAS AND BALLOON 
SIZE: tnt RESULTS 
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FIG. 10 REDUCED POSITIVE IMPULSE VS REDUCED 
DISTANCE AS A FUNCTION OF OXYGEN CON¬ 
CENTRATION IN TEST GAS: RDX RESULTS 
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CO*' CM«*‘A* 
*AvO*0 »f ' if »4 

0 - 1- 
I I ■1- 1 

) - 

FREE AIR -T NETS* 
?02 BALLOON,4.5'OIA.) 

TNETB-^^ 
(Nz BALLOON, 4.5' DIA.) 

^TNETB 
(FREE AIR) 

*2% WAX ADDED 

34 6 S 10 15 20 25 

REDUCED DISTANCE X « D/»'/3(ET/L»l/3 ) 

FIG. II REDUCED POSITIVE IMPULSE VS REDUCED 
DISTANCE AS A FUNCTION OF OXYGEN CON¬ 
CENTRATION IN TEST GAS: TNETB RESULTS 
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FIG. 12 REDUCED POSITIVE IMPULSE (EXCLUDING 
SECONDARY SHOCK)AS A FUNCTION OF BOTH 
OXYGEN CONCENTRATION IN TEST GAS AND 
BALLOON SIZE1 TNT RESULTS 
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FIG. 19 CALCULATED AMOUNTS OF AMBIENT OXYGEN UTILIZED 
IN THE AFTERBURNING PROCESS. AS A FUNCTION OF 
EXPLOSIVE OXYGEN BALANCE (INCLUDING LEAST 
SQUARE FITTEDLINES) 
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