
Accepted Manuscript

Effect of coal-limestone mixtures on dust dispersion behind a moving shock wave

H. Greg Johnston, Amira Y. Chowdhury, M. Sam Mannan, Eric L. Petersen

PII: S0950-4230(16)30181-4

DOI: 10.1016/j.jlp.2016.07.006

Reference: JLPP 3262

To appear in: Journal of Loss Prevention in the Process Industries

Received Date: 22 March 2016

Revised Date: 30 May 2016

Accepted Date: 3 July 2016

Please cite this article as: Johnston, H.G., Chowdhury, A.Y., Mannan, M.S., Petersen, E.L., Effect of
coal-limestone mixtures on dust dispersion behind a moving shock wave, Journal of Loss Prevention in
the Process Industries (2016), doi: 10.1016/j.jlp.2016.07.006.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.jlp.2016.07.006


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
Manuscript submitted to the Journal of Loss Prevention in the Process Industries 

 

 

Effect of Coal-Limestone Mixtures on Dust Dispersion Behind a Moving Shock Wave 

H. Greg Johnstona, Amira Y. Chowdhuryb 
M. Sam Mannanb, and Eric L. Petersena 

 
a Department of Mechanical Engineering, Texas A&M University, College Station, TX 77843 

USA 
 

b Mary Kay O’Connor Process Safety Center, Texas A&M University, College Station, TX 
77843, USA  

 
Contact details: 

E-mail:epetersen@tamu.edu 
3123 TAMU 
Phone: 979-845-1257 Fax: 979-845-3081

 

Abstract Secondary dust explosions in coal mines or industrial settings are known to cause 
greater catastrophic hazards than the coupled primary explosions themselves. The shock waves 
produced during a primary explosion lift surrounding coal particles from neighboring areas, and 
if added in an effort to create an inert mixture, limestone as well. This experimental study 
characterized the coupled effects of dust dispersion from coal-limestone mixtures and moisture-
varied limestone dust. A shock tube modified to evaluate dust dispersion provided the optical 
access to characterize the shock wave/dust-layer interaction. The moisture-varied limestone 
samples were tested at three shock Mach numbers, namely Ms = 1.1, 1.23, and 1.4, with trending 
data showing an average increase of 10% in overall lifting heights and 20% in initial linear 
growth rates for the moisture-reduced, dried samples, as compared to undried samples stored in 
standard temperature and pressure (STP) conditions. The coal-limestone mixture samples were 
tested at two shock Mach numbers, namely Ms = 1.24 and 1.57, with the 75% limestone sample 
having the highest and the 25% limestone sample having the lowest effective dust dispersion 
effects. Conceivably, the effective moisture reduction in the samples led to fewer agglomerations 
and/or reduced densities, influencing the ability of lift forces to act on the particles, while as the 
limestone content was increased in coal-limestone mixtures, dust layers grew faster, larger, and 
transitioned into more pronounced instabilities on the dust-gas boundaries. The combined effects 
of dispersion, SEM imagery, and the study of test facility shadowgraphs lead to recommending 
the ignition-inhibiting coal-limestone mixture containing 50% limestone. The dust-layer rise 
height was measured with respect to time after the shock passage, where regardless of mixture-
ratio or moisture content in the samples, initial linear dust growth rates increased with shock 
Mach number. Linear and unstable regimes were also identified in the data samples, as seen in 
previous studies by the authors. 
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