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Abstract

With the advancements in weapon technology, ammunitions have become more precise
and lethal. The civil structures required for storage of ammunition and for carrying
out special operations have become vulnerable to the blast and shock loads of modern
weapon systems. There is a need of innovative and indigenous design of Blast Valve
which can fulfil the requirements of ventilation of such structures. The design demands
that this device shall be automatic, inexpensive, reliable, reusable, maintenance free,
self or remote actuating type and should avoid any leakage of blast pressure. In the
present work, an innovative design incorporating best features of remote and self-actuated
blast valves is proposed. Since it is a challenge to validate and optimise the design of a
valve against blast loads using full-scale experiments, Finite Element Method (FEM)
and Computational Fluid Dynamics (CFD) are employed for modelling and simulation
of blast valve. The shock-structure interaction analysis of different configurations of the
blast valve are performed using ANSYS AUTODYN in order to optimise the design. One
of the most important components of the blast valve is circular plate exposed to blast
loadings. To understand the effect of blast wave on circular plate and hemispherical
shells, the experiments are performed using a shock tube test facility. Plates and shells
of different thickness and curvature are subjected to varying blast loads, and strains at
different locations are measured in order to optimise the same. The whole exercise in the
present research work is carried out to address leakage problem in existing blast valves in

order to achieve a design of blast valve with minimum or no leakage.
Based on the detailed simulations, the final blast valve design is obtained. The impor-
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tant features of the final design are: VLC-shaped air flow channel with the outer body
materials SS304 and closure mechanism materials DOMEX700MC grade steel, overall
length = 750 mm, outer diameter = 420 mm and inlet diameter = 100 mm. The con-
necting rod is of 10 mm diameter and 614.58 mm long. Hemispherical shell with 96 mm
radius of curvature with gradually decreasing thickness from 5 mm at center till 2.5 mm
at periphery is used for front and rear closure. The valve is designed for incident pressure
of 3 bar and 3.7 ms duration and peak reflected pressure of 7 bar. The air flow rate is

0.14 kg/s under 3000 Pa pressure difference between inlet and outlet.
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0.14 kg/s under 3000 Pa pressure difference between inlet and outlet.
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: Static plastic collapse pressure
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: Radius of curvature

: Radius

: Radius of central uniformly loaded region
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: Surface area for flux calculation of a cell

. Temperature
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: Reference temperature
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T,y

: Unit step function

: Particle velocity

: Radial and axial displacements
: Volume

: Ratio defined by density of the explosive (solid part) and density of the
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. Velocities in radial and axial directions
: Gruneisen coefficient

. Cartesian coordinates

: Axial coordinate
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E'f"'f"
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O-ZZ

: Normal strain in x-direction

: Shear strain in x-y plane

: Normal strain in y-direction
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: Normal strain in axial (z) direction
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: Poission’s Ratio
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. Frequency of oscillations
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: Mass Density

: Minimum yield strength

: Hoop stress
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: von-Mises stress
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: Shear stress in z-r plane
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: Circumferential coordinate
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Abbreviations
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EoS
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FEM

FSI
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SDOF

SHASTA

: Equivalent plastic hoop strain rate

: Equivalent plastic normal strain rate in radial direction

. Equivalent plastic normal strain rate in axial direction
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: Computational Fluid Dynamics

: Centre for Fire, Explosive and Environment Safety

: Courant-Friedrichs-Lewy

: High-strength steel of the Swedish firm SSAB

: Equation of State

: Flux-Corrected Transport

: Finite Element Method

: Fluid Structure Interaction

. International Standards Organization

: Johnson cook model

: Jones-Wilkins-Lee

: Plastic Explosive No. 4

: Quadratic Upstream Interpolation for Convective Kinematics

: Single Degree of Freedom
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SIMPLE : Semi-Implicit Method for Pressure Linked Equations

S5316 . Stainless Steel grade 316

TNT : Trinitrotoluene
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