
LUND UNIVERSITY

PO Box 117
221 00 Lund
+46 46-222 00 00

Post-Detonation Afterburning of High Explosives

Fedina, Katja

2017

Document Version:
Publisher's PDF, also known as Version of record

Link to publication

Citation for published version (APA):
Fedina, K. (2017). Post-Detonation Afterburning of High Explosives. [Doctoral Thesis (compilation), Fluid
Mechanics]. Department of Energy Sciences, Lund University.

Total number of authors:
1

Creative Commons License:
Unspecified

General rights
Unless other specific re-use rights are stated the following general rights apply:
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors
and/or other copyright owners and it is a condition of accessing publications that users recognise and abide by the
legal requirements associated with these rights.
 • Users may download and print one copy of any publication from the public portal for the purpose of private study
or research.
 • You may not further distribute the material or use it for any profit-making activity or commercial gain
 • You may freely distribute the URL identifying the publication in the public portal

Read more about Creative commons licenses: https://creativecommons.org/licenses/
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove
access to the work immediately and investigate your claim.

https://portal.research.lu.se/en/publications/c13b0f3f-bc37-4714-94fa-b9088580192c


Download date: 19. Dec. 2025



EK
A

TER
IN

A
 FED

IN
A 

 
Post-D

etonation A
fterburning of H

igh E
xplosives                                                                                                         2017

9
78

91
62

90
22

16

Lund University
Faculty of Engineering

Department of Energy Science

ISBN 978-91-629-0221-6
ISSN 0282-1990

ISRN LUTMDN/TMHP-17/1132-SE

Post-Detonation Afterburning 
of High Explosives
EKATERINA FEDINA 
DEPARTMENT OF ENERGY SCIENCE | FACULTY OF ENGINEERING | LUND UNIVERSITY







Organization Document name

LUND UNIVERSITY DOCTORAL DISSERTATION

Date of issue

Sponsoring organization

Author(s)

Title and subtitle

Abstract

Key words:

Classification system and/or index termes (if any):

Supplementary bibliographical information: Language

ISSN and key title: ISBN

Recipient’s notes Number of pages Price

Security classification

D
O

K
U
M

E
N

T
D

A
T

A
B

L
A
D

 e
n

l 
S
IS

 6
1

 4
1

 2
1

Distribution by (name and address)
I, the undersigned, being the copyright owner of the abstract of the above-mentioned dissertation, hereby grant
to all reference sources permission to publish and disseminate the abstract of the above-mentioned dissertation.

Signature ____________________________________ Date_______________________

Division of Fluid Mechanics 
Department of Energy Sciences 
Box 43 
221 00, Lund, Sweden

June  2017

Ekaterina  Fedina

Swedish Defence Research Agency  -  FOI

Post-Detonation Afterburning of High Explosives

High performance of an explosive compound with respect to afterburning requires sufficient combustible 
properties of the explosive, and a careful determination of the most appropriate charge positioning to achieve 
the desired afterburning effect. Understanding the physical processes of post-detonation afterburning and how 
these are affected by the surroundings, e.g. the Height of Burst (HoB), facilitates the optimal use of the 
explosive and also helps in designing protection against it. The use of Large Eddy Simulation (LES) for 
investigating afterburning properties of an explosive charge can be a cost effective approach to identify the 
most optimal conditions for subsequent full-scale experiments. Of particular interest are Enhanced Blast 
eXplosives (EBX), to which metal particles, usually aluminium, are added to the explosive compound in order 
to increase the afterburning energy release by allowing the metal particles and detonation products combust 
with air. This presents a further modelling challenge since the combustion becomes multi-phased. 
      This thesis presents modelling, simulation and experimental efforts in studying this two-phase 
post-detonation combustion event at different HoB of 1 kg trinitrotoluene (TNT) and TNT/aluminium charges. 
The main objectives of this work is to demonstrate the use of LES with finite rate chemistry for these types of 
applications, to elucidate the physical processes involved in near-ground air blasts, to demonstrate what effects 
the HoB has on the afterburning, and how aluminium particles affect the combustion.  
       Simulation results, supported by experimental data, show that the main mechanism responsible for the 
mixing, and therefore afterburning, is the rise of hydrodynamic instabilities, which trigger the build up of a 
mixing layer. Shock-mixing layer interactions further create more instabilities. Thus, in order to achieve 
maximum effect of the afterburning during an explosive blast, the existence of a turbulent mixing layer has to 
be combined with repeated shock propagation through it, by which the duration of the afterburning is 
maintained. The presence of reacting particles increases the vorticity generated by instabilities since the 
particles create perturbations in the detonation product cloud, hence disrupting the alignment of the pressure 
and density gradients. Burning particles intensify mixing even further through volumetric expansion induced by 
increased heat-release from particle combustion. The mixing intensity in its turn varies with HoB, as the shock 
propagation pattern is different for all HoB, which means that in order to achieve maximum effect from 
aluminium inclusion to an explosive, HoB must be considered as a parameter. 
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i,f ẇi(ρY ∗

i T
∗).

γ∗ = ∆V ∗/∆3 ∆3

τc

∆V ∗ =
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ρ̄, ρ̄ũ, ρ̄h̃, ρ̄Ỹi
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(1
ρ̄
∇ · (S̄−B)

)
.
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(∇ũ)ω̃ 1
ρ̄∇ρ̄ × ∇h̃ ≈ 1

ρ̄∇ρ̄ × ∇h̃s ≈ 1
ρ̄

∑
i

(
∇ρ̄ ×
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Q

λ2

λ2

λ2 =
√
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Ỹ
C
O

2
Ỹ
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