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Turbidity	currents	
•  Gravity	current	driven	by	a	density	difference		
caused	by	suspended	sediment	
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Research	Objec.ves	

•  Primary	objec.ve:	to	examine	the	cause(s)	of	pulsing	in	
con.nuous,	natural	turbidity	currents	in	the	field	using	
laboratory	experiments,	numerical	simula.ons	and	
linear	stability	analysis	of	stra.fied	shear	flows	

	

•  Stra.fied	shear	layer	instability:	large-amplitude,	wave-
like	structures	such	as	Kelvin–Helmholtz	(KH)	(Brown	
and	Roshko,	1974),	Holmboe	(H)	(Smyth	and	Winters,	
2003;	Smyth	et	al.,	2007)	and	Taylor-Caulfield	(TC)	
(Taylor,	1931;	Caulfield	et	al.,	1995;	Carpenter	et	al.,	
2013;	Guha	and	Lawrence,	2014).			



Field	Methods	
•  Transects	and	.me	series:	velocity,	temperature,	
suspended	sediment	concentra.on	and	par.cle	size	
in	Lillooet	Lake	and	Xiaolangdi	Reservoir	



Field	Results	



Laboratory	Methods	
•  Saline	gravity	current	experiments:	6	m	long	open	
glass-wall	tank	with	an	internal	channel	

•  Velocity:	Par.cle	Imaging	Velocimetry	(PIV)	
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Laboratory	Results	



DNS	Methods	

•  Sohware	TURBINS	(e.g.,	Nasr-Azadani	and	Meiburg,	
2014):	direct	numerical	simula.ons	(DNS)	of	
con.nuous	two-dimensional	gravity	and	turbidity	
currents	

•  Simula:ons:	combina.on	of	straight	and	segmented	
bed	slopes;	gravity	and	turbidity	currents	with	
sePling	veloci.es	consistent	with	sand	(150μm)	and	
silt-clay	(30μm)	

•  This	study:	gravity	currents	-	similar	to	silt-clay	
turbidity	currents	and	saline	gravity	currents		



DNS	Results	



Linear	Stability	Analysis	
•  Linear	stability	analysis:	evolu.on	of	stra.fied	shear	
layers	is	based	on	the	Taylor-Goldstein	(TG)	
equa.on	(e.g.,	Lawrence	et	al.,	2013):	

•  Analy.cal	solu.ons:	possible	assuming	piecewise	
velocity	and	density	profiles	

•  Velocity	and	density	profiles:	expressed	non-
dimensionally	by	the		bulk	Richardson	Number	(J),	
wave	number	(α),	and	the	scale	ra:o	(R)	of	shear	
layer	thickness	to	density	layer	thickness	
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Based	on:	Lawrence	et	al.	(1991,	2013),	NegreQ	et	al.	(2008),	Khavasi	et	al.	(2013)	

Linear	Stability	Analysis	



Velocity	and	Density	Profiles	
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Stra.fied	Shear	Layer	Instabili.es	

•  Kelvin-Helmholtz	
–  Two	vor.city	waves	
–  Overturning	billows		

•  Holmboe	
–  Vor.city	and	gravity	waves	
–  Posi.ve	and	nega.ve	cusps	

•  Taylor-Caulfield	
–  Two	gravity	waves	
–  Intermediate	density	layer	
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Wavelet	Analysis	
DNS	 Xiaolangdi	Reservoir	



Stability	diagrams	
Horizontal	flow:	θ	=	0	

Based	on:	Lawrence	et	al.	(1991,	2013)	 Based	on:	Guha	and	Lawrence	(2014)	
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Inclined	flow:	θ	>	0	
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Conclusions	

•  Causes	of	velocity	pulsing	
–  Laboratory	and	DNS	currents:	KH	instability	
–  Stability	analysis	for	horizontal	flow:	KH,	H	and	TC	instabili.es	
–  Stability	analysis	for	inclined	flow:	primarily	KH	instability,	H	and	
TC	instabili.es	at	large	values	of	bulk	Richardson	number?	

•  Con:nuous	turbidity	currents		
–  Caulfield	et	al.	(1995):	“all	three	instabili.es	(KH,	H,	TC)	can	be	
observed	simultaneously	at	markedly	different	wavelengths	and	
phase	speeds	for	extended	periods	of	.me,	even	though	linear	
theory	may	predict	significantly	different	growth	rates”	
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