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Between 1926 and 1939 the author of the present review-article published a num
ber of papers concerning the phenomenon of detonation. Some of the results were 
confirmed by later investigators with the use of more modern methods, but some 
of them were overlooked and have only recently been "re-discovered" by other 
authors. 

It seems appropriate to have now a review which could serve as a reminder of 
the early work, with some up to date comments. 

1. Detonation spin 

The author published two papers 1926-27 [1] where he described his experiments 
on open lens photography of detonation of explosives in glass tubes. Particularly 
interesting patterns were obtained on photographic plates with detonations of mixed 
explosives, composed of ammonium nitrate (50-80%), trinitrotoluene (8-15%), 
nitroglycerine (4-25%), potassium perchlorate (0-5%), and woodmeal (0-25%). 
Some of the explosives contained 10% A l , and some sodium chloride (7-20%). 

Also, nitro compounds such as trinitrotoluene showed a similar pattern at low 
density. 

The picture was composed of light and dark bands with clearly a sinusoidal 
shape. This led the author to express the view that detonation in a tube can pro
gress along a spiral path thus showing "detonation spin". 1' 

At the same period British authors — Campbell, Bone and coworkers — pub
lished a number of papers [2]-[4] where they indicated a possible spiral path of 
gas mixture detonations such as oxygen with carbon monoxide, hydrogen, cyanogen 
etc. This was indicated not only by film records of the detonations but also by me
chanical phenomena, when the inside of the tube was covered with talcum powder 
[3] or when detonations of mixtures of carbon monoxide with oxygen were carried 
out in a lead tube inserted inside a wider glass tube [4]. It was calculated that the 
detonation spin had an approximate frequency of 50000 revolutions/s. 

Further experiments with gas mixtures were carried out by Lalfitte and Breton 
[5]. They came to the conclusion that the phenomenon of spiral detonation paths 
was particularly prominent in gas mixtures containing the combustible ingredient 
in a concentration close to either the lower or the upper detonation limit. 

J) Unfortunatelly all photographs were destroyed during World War И 
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Fig. 1. Detonation cf TNT/Ammonium Nitrate mixture 22/78 in glass tube 21.5/23 
mm diamater. Photographs taken at I0~4 intervals. The ignition with a No. 8 de
tonator was on the left. The sinusoidal dark path can be seen 

Fig. 2. Detonation of TNT/Nitro
glycerine mixture 96/4 in a celluloid 
tube 27 mm diameter. The source 
of ignition was a No. 8 detonator. 
Photographs taken at 10 - 4 interval. 
The spiral path should be noted 

The fact that gas-mixtures could give a spinning detonation encouraged the 
author of the present article to continue the work by an improved method. A n 
apparatus was built for this purpose recording images at 1 0 - 4 s intervals [6]. 

The new experiments [7] confirmed the previous findings, of a detonation spin, 
particularly when two conditions were fulfilled: 

— mixed explosives were used, e.g. those composed of ammonium nitrate and 
trinitrotoluene (in proportion 78/22) or ammonium nitrate sinsitized by an addition 
of nitroglycerine (in proportion 96/4), 

— explosives were confined in glass tubes. 
Figures 1-3 depict some characteristic images recorded by the author. 
The reason why the detonation spin exists in solid mixed explosives should pro

bably be explained as indicated in the first paper [1], by the non-uniformity of 
the detonating medium which is marked not only by a non-homogeneity of the 
mixed explosives but also by a non-homogeneity of the reacting medium due to 
various exo- and endothermic reactions. 

It is also known that rotation in a gas-flow through a tube can be created when 
the pressure in the perifery differs from that in the centre. This seems to be the basic 
cause of cyclones [8]. 

T. URBAŃSKI 
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Fig. 3. Detonation of TNT/Ammonium Nitrate 
mixture 30/70 in a glass tube 45/48 diameter, 
perpendicular to the photographic plate. The igni
tion was with a No. 8 detonator from the side of 
the photographic apparatus (fowards the outside). 
The central part is the detonation of the explosive. 
Below is the secondary flame of gases mixed with 
air. Both show "cyclone" helics 

Later, Muraour [9] and Persson [10] confirmed the early (1926-27) [1] findings of 
the author of the present paper. Recently Zimmer [11] came to the conclusion that 
the slow explosion of nitroglycerine is manifested by a spiral mode of propagation. 

2. The channel effect 

It is well known that explosives which detonate readily in open or semi-tight 
containers can only partly detonate in a closed space such as a stemmed bore-hole. 
The phenomenon, known for a long time, appeared to be described for the first 
time by Stettbacher [12] while reporting on the drilling of the Simplon tunnel. 

When shots of an explosive "Vendent" were fires in long bore-holes, some 
cartridges did not detonate: they were those placed further away from the detonator 
and from the primed cartridge. It was found that the probability of non-detonation 
of the cartridges increased when those were air-gaps between the cartridges or when 
the diameter of the bore-hole was considerably larger than that of the cartridges. 

The author of the present paper endeavoured to explain the phenomenon by 
assuming that the shock-wave sent by the detonation of the primer cartridge could 
probably move at a higher rate than the detonation-wave, thus compressing some 
of the undetonated cartridges to a density which made a detonation difficult if not 
impossible ("dead compression"). 

Wilh this in view of the author of the present article carried out three series of 
experiments [1]: 

a) the influence of the density of the cartridges on their transmission gaps, 
b) the influence of the confinement on the transmission gap, 
c) the velocity of the shock-wave sent out by the explosive as compared the 

velocity of the detonation wave. 

2.1. Transmission of the detonation ("gap test") as a function of the 
density of ammonium nitrate explosives 

This was carried out with 100 g cartridges of 30 mm diameter in paper impreg
nated with paraffin wax. Typical curves for explosives "Ammonit 4", "Bradyt 
C " and "Bradyt F " (composition — see Table 1) are given on Fig. 4. The shape 
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of the curves for a number of other ammonium nitrate explosives was very similar 
and those in Fig. 4 are given as examples. 

It follows from the results that the rate of propagation of detonation of ammo
nium nitrate explosives containing nitroglycerine (Bradyt С and F) fell after the 
density had increased beyond 1.15. A n ammonium nitrate explosives without 
nitroglycerine (Ammonit 4) was still more sensitive to a change of density and the 
rate of propagation fell after the density had increased above 0.90. 

cm 

Density 

Fig. 4. Gap test in the open as a function of the density of ammonium 
nitrate explosives (100 g, 30 mm diameter cartridges in paper 
evelopes) 

Table 1 

N H 4 N 0 3 KC10 4 

Nitro
glycerine 

TNT Charcoal Wood-
meal 

NaCl 

Ammonit 4 76.0 10 10 4 
Bradyt С 64.7 — 4 8 2 — 20 
Bradyt F 77.5 4 4 4 — 1.5 9 

2.2. Influence of confinement on the transmission of detonation 

Experiments were carried out with cartridges of the same size as in experiments (a), 
in a mortar of the experimental gallery at Łaz iska G ó r n e . The diameter of the bore
hole was 55 mm. The results are presented in Table 2. 

A marked increase in the size of the gap was recorded with ammonium nitrate 
explosives (e.g. from 15 cm to 24 cm) but the change with chlorate and perchlorate 
explosives was most striking: Miedziankit and Territ respectively.2) 

2 ) The composition of the explosives was: Miedziankit — 90% KC10 4, 10% Kerosine; Territ — 
43% NH4CIO4, 28% NaN0 3 , 27.8% liquid TNT, 1.2% Collodion Cotton 
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Neither explosive do not transmits detonation from one cartridge to another 
in the open, i.e. the gap is 0. In the bore-hole, however, the gap with Miedziankit 
exceeded 40 cm. Territ gave a figure at 35 cm. These figures were lowered when 
stemming was applied. 

Table 2 

Gap test in cm 

Explosive Density Det. cap in the morta r 55 mm dia 
Explosive 

No. in open with without 
stemming stemming 

Bradyt С 1.08 18 25 22.5 
1.30 8 15 19 

Bradyt F 1.06 8 15 24 23 
1.28 8 10 22 

Miedziankit 1.70 8 0 40*) 30*) 
1.70 6 0 40*) 17*) 
1.70 3 0 38 12 

Territ 1.45 8 0 35 12 

*) The exact figure could not be determined owing to the limited length of the bore-hole 

2.3. The rate of propagation of shock-waves in open and in a steel-tube 

The same size cartridges as in experiments (a) and (b), of Bradyt F , were used. 
The rate of propagation detonation was determined by the Dautriche method in 
the open and in steel-pipes of 35/42 mm diameter. The gap between two cartridges 
was 100 mm and the velocity of the shock-wave was measured as shown in Fig. 
5 at a distance a between 0 and 50 mm, and /3 between 50 and 100 mm. 

Fig. 5. Determination of the rate of propagation 
a shock-wave between two cartridges. Gaps: a = 
= 50 mm, j?=50 mm, D — detonator 

This clearly slows (Table 3) that the velocity of a shock-wave in a steel-pipe can 
be higher than the velocity of a detonation whereas in the open it falls rapidly with 
distance. 

Table 3 

In the open In a steel-tube 
35/42 mm dia 

Detonation velocity [ffl/s] 2740 3220 
Shock-wave velocity [m/s] 

a 1815 

P ca 560 3830 
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Chemisch Technische Reichsanstalt [13] examined the propagation of the lu
minous effect emitted in vacuo by detonating explosives. They found that the lu
minosity could have a higher rate of propagation than the detonation wave. Thus, 
explosives with detonation velocities of 3150-8200 m/s can show rates of propaga
tion of the luminous front of 6200-16200 m/s. Gawthrop [14] reached a similar 
conclusion while registering the detonation on a film: an explosive detonating at 
the rate of 2010 m/s gave a luminous effect moving at a rate of 5420 m/s. 

3. Detonation in concentric tubes 

In 1933 the author described [7] experiments on the detonation of explosives 
in a celluloid tube placed concentrically inside a glass tube of a larger diameter. 
The arrangement can be seen on Fig. 6. 

/ 

Fig. 6. Arrangement for detonation in two concentric 
tubes: T—outer glass tube, t — inner celluloid tube. 
D — detonator 

If diameters of both tubes were properly chosen the inner tube could be only 
partly damaged. This obviously was the result of the fact that in the course of the 
detonation the gases broke through the inner tube walls and the pressure around 
the inner tube became the same as inside the tube. When ammonium nitrate-TNT 
mixture (e.g. 78/22) was used, a typical shape for the inner tubes was that given 
in Fig. 7. The results were obtained with dimentions 73 = 33/35 mm and d=l6 mm. 
The initiation was provided by a No. 8 detonating cap. Unevenly distributed holes 
indicate non-uniformity of the detonation of explosive mixture and the existence of 
"hot spots". 

Fig. 7. Inner celluloid tubes, after 
detonation of ammonium nitrate/ 
/ T N T (78/22) mixture 

When pure explosives, such as T N T or picric acid were used no holes in the 
tubes were found. This evidently indicated a more uniform detonation. 

Inside the celluloid tubes traces of undecomposed explosives were found: ammo
nium nitrate mixtures or pure substances such as T N T and picric acid. This is a phen
omenon similar to that observed by Mallard and Le Chatelier [15] that a thin 
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layer of the gas mixture close to inner walls of a glass tube remains undecomposed 

during gas explosions. 

The explanation was given by Mallard and Le Chatelier that the gas mixture 

is not brought to the temperature necessary for decomposition. It is now generally 

accepted that the detonation of explosives is not a thermal phenomenon, hence 

the explanation can not be accepted. The author of the present paper would line 

to suggest that a thin layer of the explosive in the celluloid tube was bonded to the 

inner walls of the tube through adhesive forces. Since celluloid is a substance which 

is very difficult to detonate, this produced, a slowing-down effect upon the adhering 

layer of the explosive and the latter could not detonate. 

A similar explanation can also be given for the phenomenon observed by Mal

lard and Le Chatelier [15]. Here a thin layer of the gas mixture was probably absor

bed by the inner surface of the glass tube and the glass inhibited the gas explosion. 

Note added to the proofs 

Persson [10] confirmed only the shape of the photographs taken in glass tubes. He 
did not agree with the suggestion of the author of the detonation spin and explained 
the pattern on the photographs by bursting of the tubes [17]. 

Praca wpłynęła do Redakcji w czerwcu 1975 г. 
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Niektóre zjawiska detonacji stałych materiałów wybuchowych 

Streszczenie 

W latach 1926-1939 autor niniejszego artykułu przeglądowego opubl ikował szereg prac doty
czących zjawiska detonacji. Niektóre wyniki zostały potwierdzone przez późniejszych badaczy 
przy zastosowaniu bardziej nowoczesnych metod badawczych, lecz część z nich pominięto i dopie
ro ostatnio zostały one „ponownie odkryte" przez innych autorów. 

W artykule o m ó w i o n o te wcześniejsze prace uzupełniając je aktualnymi uwagami. 

Некоторые явления детонации твердых ВВ 

Р е з ю м е 

В 1926-1939 годах автор настоящей о б з о р н о й статьи опубликовал ряд работ посвя-
шеных явлению детонации. В п о с л е д у ю щ и х работах других исследователей использу
ю щ и х б о л е е современные экспериментальные м е т о д ы , некоторые результаты, полученные 
а в т о р о м , подтвердились, но часть этих результатов была оставлена без внимания и только 
в последнее время „вновь открыта" другими авторами. 

В статье описаны эти ранные работы, дополненные актуальными замечаниями. 
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