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Abstract	

In	 order	 to	 solve	 the	 separation	 efficiency	 problem	 of	 the	 vertical	 centrifuge.	 First,	
understand	the	working	principle	and	dynamic	theory	of	the	centrifuge,	preliminarily	
design	 the	 technical	 parameters	 from	 the	 experience	 and	 experimental	 data	 of	 the	
prototype,	solid	works	model,	specify	 the	overall	structure	scheme,	and	complete	 the	
virtual	assembly.	Secondly,	the	work	performance	is	verified.	The	production	capacity	is	
calculated	with	 power	 to	meet	 the	 design	 requirements.	 Then,	 to	 verify	 the	 design	
strength	 and	 deformation	 meet	 the	 design	 requirements.	 Then,	 the	 finite	 element	
numerical	analysis	of	the	internal	flow	field.	The	FLUENT	software	is	used	to	analyze	the	
internal	flow	field	velocity	distribution	and	the	turbulent	kinetic	energy	of	the	centrifuge.	
Finally,	a	solid	phase	distribution	rule	analysis	was	performed	to	investigate	the	effect	
of	particle	diameter	size	on	the	separation	performance	at	a	suitable	particle	volume	
fraction.	
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1. Foreword	

At	present,	the	domestic	in	the	design	of	horizontal	screw	centrifuge	and	research	has	obtained	
rich	theoretical	research	results	and	good	practical	application	value,	this	paper	on	the	basis	of	
the	reference	of	horizontal	centrifuge	design	ideas,	in	the	overall	structure	design	of	centrifuge,	
technical	parameters	optimization,	and	stepless	speed	regulation,	the	ultimate	goal	is	to	solve	
the	 problem	 of	 separation	 efficiency	 of	 centrifuge.	 The	 technical	 indexes	 of	 the	 vertical	
centrifuge	developed	in	this	paper	are:	
(1)	Maximum	rotation	speed:	3,000	r	/	min	
(2)	Centrifugation	effect:	3,000	
(3)	Main	motor	(kw):	18.5~30	
(4)	Differential	motor	(kw):	18.5~30	
(5)	Centrifuge	processing	capacity:	0m3/h~3m3/h	
Compared	with	similar	centrifuges,	the	prototype	has	high	separation	factor,	small	size	solid	
separation,	and	adapt	to	the	difficult	separation;	the	slag	diameter	is	large,	the	sediment	directly	
out	of	the	drum,	generally	will	not	appear	slag	blocking	phenomenon;	the	technical	parameters	
are	optimized	with	multiple	objectives,	the	material	torque	and	axial	force	is	relatively	small,	
the	slag	efficiency	is	guaranteed,	speed	regulation	is	simple	and	convenient.	
	In	2004,	Sun	Bugong	designed	a	cement	sand	separator	for	the	high	sediment	flow	of	the	Yellow	
River.	In	order	to	make	the	Yellow	River	water	without	sediment	or	a	little	sediment	flow	into	
the	 drip	 irrigation	 system,	 Sun	 Bugong	 introduced	 the	 separation	 principle	 of	 the	 disc	
centrifuge,	and	calculated	the	main	structural	parameters	of	the	disc	centrifuge,	including	the	
thickness	of	the	drum	wall,	the	inner	and	outer	diameter	of	the	disc,	the	disc	gap,	the	height	of	
the	disc	bundle,	the	cone	corner	of	the	disc	bus,	etc.	And	performed	the	estimation	of	the	power	
and	separation	performance	of	the	centrifuge.	In	the	process	of	the	prototype,	the	vibration	is	
discussed	and	the	dynamic	balance	method	of	the	disc	centrifuge.	
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In	2019,	wang	 jiing	 for	most	domestic	manufacturers	 and	 customers	need	different	 flow	of	
centrifugal	compressor	to	meet	the	requirements	of	the	new	conditions	and	reduce	labor	costs,	
wang	jiing	in	the	original	centrifugal	compressor	impeller	model,	according	to	the	demand	of	
different	flow	level,	using	S	OLIDWORKS	centrifugal	blade	three	dimensional	modeling,	to	get	
the	fluid	part	of	the	domain,	and	then	use	CFD	software	numerical	calculation	analysis.	

2. 	Theoretical	Method	of	Numerical	Analysis	

Computational	fluid	dynamics	(Computational	Fluid	Dynamics,	CFD)	is	a	discipline	that	uses	
numerical	methods	to	solve	the	basic	equation	of	fluid	mechanics,	so	as	to	obtain	the	discrete	
quantitative	description	of	the	flow	field,	and	to	predict	the	motion	law	of	the	fluid.	The	basic	
idea	 of	 CFD	 can	 be	 summarized	 as:	 the	 original	 in	 the	 space	 domain	 and	 time	 domain	
continuous	physical	quantity	of	the	field,	such	as	flow	field,	temperature	field	and	pressure	field,	
with	finite	discrete	point	set	of	variable	value	instead,	through	certain	relationship	about	the	
variables	 between	 the	 mathematical	 equations,	 and	 then	 solve	 the	 equation	 system	 of	 the	
variables.	
1.	Quality	conservation	equation	
For	microelements	 fixed	 in	 space,	 the	 law	of	conservation	of	mass	can	be	expressed	as:	 the	
increase	 of	 fluid	 mass	 in	 the	 microelement	 per	 unit	 time	 =	 the	 net	 mass	 flowing	 into	 the	
microelement	 at	 intervals	 in	 the	 same	 time.	 Any	 flow	 problem	 must	 satisfy	 the	 law	 of	
conservation	of	mass.	By	this	law,	the	mass	conservation	equation,	the	continuous	equation.	
The	increase	rate	of	quality	per	unit	time	is:	
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The	mass	flow	through	the	boundary	is:	
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The	mass	conservation	equation	can	be	obtained	as	follows:	
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Add	the	vector	symbol	div	(a)	=	formula zayaxa zyx       
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(2.3)	The	mass	conservation	equation	can	be	expressed	as:	
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In	the	above	equation,	the	——	density  	
t——	time	
u——	velocity	vector	
Given	above	is	the	mass	equation	for	the	transient	three‐dimensional	compressible	fluid.	If	the	
flow	 is	 in	 steady	 state	 and	 the	 fluid	 is	 homogeneous	 and	 incompressible,	 the	 density	 ρ	 is	
constant,	it	can	be	expressed	as:	
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2.	Momentum	conservation	equation	
The	law	of	conservation	of	momentum	is	also	a	fundamental	law	that	must	be	satisfied	by	any	
flow	 system.	 The	 law	 can	 be	 expressed	 as:	 the	 increase	 rate	 of	 the	 fluid	momentum	 in	 the	
microelement	body	=	the	sum	of	the	various	forces	acting	on	the	microelement	body.	
The	component	formula	of	the	momentum	conservation	equation	in	the	x‐direction	is:	
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The	component	formula	of	the	momentum	equation	in	the	y‐direction	is:	
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The	component	formula	of	the	momentum	equation	in	the	z‐direction	is:	
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Where	the	pressure	on	the	p	——	fluid	microelement	

xx xy
xz ,,	——	The	component	of	the	viscous	stress	acting	on	the	surface	of	the	microbody τ 	

xF yF zF ,,	——	The	volume	force	of	the	microelement,	the	volume	force	generated	by	gravity	
is,. 0 yx FF gz F 	

3. Study	on	the	Flow	Field	and	Separation	Efficiency	of	the	Vertical	
Centrifuge	

3.1. Geometric	Modeling	
In	 this	 section	 analyzes	 the	 internal	 flow	 field	 and	 the	 separation	 efficiency	 of	 the	 vertical	
separator,	 the	method	 used	 in	 this	 chapter	 is	 calculated	 based	 on	 fluent,	 using	 the	 Euler	 ‐‐	
Lagrangian	method,	the	water	phase	is	Euler	fluid,	the	particles	 in	water	are	the	Lagrangian	
particles,	the	interaction	force	between	water	and	particles,	calculate	the	internal	flow	field	and	
separation	 efficiency	 of	 the	 separator	 under	 different	 working	 conditions.	 The	 following	
introduces	the	whole	analysis	and	research	process	in	detail:	
After	the	boolean	operation	and	the	extraction	of	the	fluid	domain,	the	geometric	model	of	the	
extraction	 fluid	 is	shown	as	 follows,	and	the	geometric	size	 is	shown	 in	the	second	chapter,	
which	will	not	be	repeated	here:	

	

Fig	1.	The	geometric	model	of	the	extraction	fluid	
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3.2. Grid	Quality	Evaluation	Method	
(1)	Orthogonal	quality	
For	the	determination	of	grid	quality,	it	is	mainly	composed	of	several	concepts,	orthogonality,	
distortion,	and	maximum	and	minimum	ratio.	 In	general	numerical	analysis,	we	 introduce	a	
grid	quality	standard,	0	is	the	worst,	and	1	is	the	best.	In	the	whole	process,	we	should	make	
the	grid	as	close	as	possible	to	1.	

i i i i

i i

A f A c

Ai f Ai c

 
    																																																																												(9)	

For	two‐dimensional	triangles	are	calculated	from	each	edge	i:	
Where,	Ai‐	‐the	normal	vector	of	the	face,	fi‐	‐is	the	center	of	mass	of	the	vector	to	the	face,	ci‐	‐
also	a	vector	from	the	center	of	mass	to	the	center	of	the	adjacent	unit,	and	ei‐	‐is	a	vector	from	
the	center	of	mass	of	a	face	to	the	center	of	the	edge.	Figure	2	presents	a	schematic	diagram	of	
the	orthogonal	mass	of	the	grid.	

	

Fig	2.	Schematic	of	the	grid	orthogonal	mass	

The	following	figure	shows	the	main	evaluation	criteria	of	grid	quality,	in	which	near	1	is	good	
grid,	and	close	to	0	is	poor	grid	quality.	In	the	process	of	division,	the	grid	area	1	should	be	made	
as	far	as	possible,	and	the	minimum	requirement	of	the	mainstream	solver	is	more	than	0.1.	
Generally	speaking,	the	mass	of	the	tetrahedral	mesh	is	less	than	that	of	the	hexahedral	mesh,	
but	 in	 the	 division	 process,	 the	 hexahedral	 mesh	 division	 needs	 more	 time.	 Because	 the	
tetrahedral	algorithm	is	more	mature,	the	division	time	does	not	need	to	take	up	too	much.	

	

Fig	3.	Quality	measures	of	orthogonal	grids	

Grid	 skew	 is	 a	 commonly	 used	method	 to	 evaluate	 grid	 quality.	 There	 are	 two	methods	 to	
evaluate	grid	quality	for	different	types	of	grids:	
1)	Skew	is	determined	by	unit	dimensions:	

	 Skew=(optimal	cell	size	‐	cell	size)/cell	size																																						(10)	

Note:	This	method	is	the	only	case	for	triangular	and	tetrahedral	meshes.	
2)	The	skew	is	determined	by	the	cell	Angle	
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e Where,	‐standard	geometric	decent	angle	(60°	for	triangle	or	tetrahedron,	90°	for	quadrangle	
and	hexahedral	mesh),	degree;	

	

(A)	Determination	by	cell	size	(b)	determination	by	cell	angle	

Fig	4.	Schematic	diagram	of	the	skew	degree	

For	skew,	 if	 it	 is	a	 triangle,	 the	positive	triangle	grid	quality	 is	 the	best,	 the	rest	 is	poor,	 the	
greater	the	Angle	difference,	the	mass	is	worse,	if	it	is	a	quadrilateral,	square	or	rectangle	mass	
is	the	best,	the	greater	the	other	Angle	deviation,	the	worse	the	mass.	
	

	

Fig	5.	Measurement	standard	chart	of	grid	skew	

3)	Longdness	ratio	
Wth	ratio	=	δ	x	/	δ	y,	aspect	ratio	equal	to	1	is	 the	best	unit,	generally	should	not	exceed	5;	
suitable	for	quadrangle	grid,	see	Figure	6.	

	

Fig	6.	Schematic	representation	of	the	aspect	ratio	

3.3. Model	Grid	Quality	Evaluation	
The	grids	created	in	this	chapter	are	mainly	triangular	grid	and	quadrangle	grid.	The	quality	of	
the	grid	created	in	this	chapter	is	detected	through	the	Mesh	quality	check	function	in	the	Ansys	
ICEM	 module.	 The	 following	 results	 can	 be	 obtained	 by	 evaluating	 the	 grid	 by	 the	 above	
evaluation	criteria.	
	

Table	1.	Quality	Assessment	Table	of	grid	cells	

Evaluation	method	 The	worst	grid	unit	 Evaluation	results	

Orthogonal	mass	 0.92639	 qualified	

skewness	 0.39654	 qualified	

length‐width	ratio	 3.68732	 qualified	
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It	can	be	seen	from	the	above	table	that	the	grid	quality	of	the	model	meets	the	required	value	
range	and	can	meet	the	requirements	of	subsequent	calculation.	

3.4. Grid	Division	
Using	a	tetrahedral	mesh	of	the	entire	geometric	domain,	Using	the	global	control	and	layout	
encryption	 mode,	 Setup	 by	 setting	 the	 part	 mesh	 setup,	 The	 following	 figure	 shows	 the	
distribution	law	of	all	grids	in	the	geometric	domain	and	the	grid	distribution	of	the	geometric	
domain	profile,	The	grid‐independent	analysis	was	performed	during	the	grid	partition	process,	
Considering	the	influence	of	grid	quantity	and	grid	quality	on	the	calculation	results,	For	the	
existing	 computing	 domain,	 The	 number	 of	 divided	 grids	 was	 790,000,1.56	 million,	 Grid	
number	of	2.77	million,	5.62	million	and	12.08	million	grids,	The	inlet	pressure	was	used	as	the	
criterion	to	determine	whether	the	grid	converges.	

	

Fig	7.	The	distribution	law	of	all	the	grids	in	the	geometric	domain	and	the	grid	distribution	of	
the	contour	of	the	geometric	domain	

	
The	 figure	above	 figure	shows	the	grid	distribution	 in	the	entire	region	of	the	 fluid,	and	the	
results	are	as	follows:	

	

Table	2.	The	results	
Grid	number	(ten	thousand)	 Average	inlet	pressure	(Pa)	

79	 365.59	
156	 499.65	
277	 512.36	
562	 511.57	
1208	 512.89	

	
Table	in	the	data	can	get,	when	the	grid	number	is	2.77	million,	entrance	average	pressure	tends	
to	be	stable,	the	calculation	condition	using	the	speed	inlet,	pressure	outlet,	the	speed	entrance	
speed	size	is	1	m/s,	for	pure	water,	from	the	perspective	of	calculation	accuracy	and	calculation	
speed,	the	subsequent	all	grid	scale	choose	the	scale	of	the	grid,	draw	the	curve	is	as	follows:	

	

Fig	8.	Draw	the	curve	
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The	pressure	curve	is	from	small	to	large,	gradually	tends	to	stabilize,	and	the	grid	scale	of	2.77	
million	is	selected	to	have	the	highest	efficiency	to	solve	the	problem.	

3.5. Solution	Settings	
The	fluent	solver	to	solve	the	whole	problem,	which	handles	the	whole	problem	in	the	form	of	
steady‐state	pressure	base,	the	entrance	of	speed	inlet,	two	outlet,	one	for	water	phase	outlet,	
one	for	particle	solid	outlet,	pressure	outlet,	considering	for	relative	atmospheric	pressure	0Pa,	
the	sliding	grid	part	consider	the	working	speed,	0.1	rad/s,	iterative	algorithm	using	SIMPLE	
algorithm,	discrete	format	is	as	follows:	
	

Table	3.	Discrete	format	
Pressure	item	 second	order	
Momentum	item	 Second	order	windward	

Turbulence	kinetic	energy	term	 First‐order	windward	
Turbulence	diffusivity	term	 First‐order	windward	

	
Over	the	whole	process,	the	results	were	extracted	after	calculating	convergence,	considering	
a	residual	curve	of	10e‐3.	

4. Discussion	of	Results	

The	results	are	discussed	on	the	basis	of	calculation	convergence,	mainly	from	the	streamline,	
velocity,	 pressure	 and	 the	 separation	 efficiency	 of	 particles.	 The	 calculation	 results	 are	 as	
follows:	
(1)	Streamline	

	

Fig	9.	The	streamline	distribution	of	the	entire	computing	domain	

Above	is	the	streamline	distribution	of	the	entire	computing	domain,	sand	containing	fluid	from	
the	inlet	into	the	equipment,	after	the	shell,	drum,	from	the	streamline,	some	outflow	from	the	
upper	outlet	of	the	lower	outlet,	the	streamline	distribution	is	more	uniform,	in	the	360	degrees	
on	 the	 streamline	 density,	 proof	 that	 the	 structure	 design	 is	 reasonable,	 the	 processing	
efficiency	is	high,	the	inlet	speed	of	1m	/	s,	the	calculation	results,	the	maximum	flow	rate	in	the	
middle	position,	reach	1.1	m/s,	after	the	lower	support,	fluid	separated	from	all	around.	
(2)	Speed	

	

Fig	10.	The	speed	distribution	under	the	working	condition	
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Above	 is	 the	 speed	 distribution	 under	 the	 working	 condition,	 the	 calculation	 results,	 the	
maximum	speed	in	the	middle	of	the	inlet	pipe,	the	speed	of	the	separator	side	is	low,	according	
to	 the	 particle	 settlement	 critical	 rate,	 the	 lower	 the	 rising	 velocity,	 particle	 settlement	
efficiency	of	the	highest,	due	to	the	effect	of	the	spiral	drum,	at	the	particle	outlet,	has	a	large	
speed,	conducive	to	the	exit	of	the	particles.	
	

	

Fig	11.	The	velocity	vector	distribution	at	the	whole	section	

The	above	figure	shows	the	velocity	vector	distribution	at	the	whole	section,	focusing	on	the	
comparison	of	the	velocity	vector	at	the	upper	water	outlet	and	the	lower	end.	The	calculation	
results	show	that	the	fluid	flow	rate	at	the	lower	end	is	about	0.2	m/s,	and	the	upper	end	is	
small,	 0.15m	 /	 s.	 From	 the	 velocity	 vector	 results,	 the	 whole	 calculation	 domain	 has	 a	
reasonable	layout	and	has	good	separation	efficiency.	
(3)	Pressure	

	

Fig	12.	The	entire	computing	domain	pressure	distribution	cloud	map	

Above	is	the	entire	computing	domain	pressure	distribution	cloud	map,	the	maximum	pressure	
appears	at	the	bottom	of	the	entrance	at	the	bottom	of	the	support	at	the	end	of	the	terminal,	
the	maximum	pressure	for	several	reasons,	the	first	for	inlet	fluid	in	the	large	direction,	forming	
a	large	point	pressure,	drum	rotation	here,	and	formed	the	fluid	pressure	accumulation,	so	the	
outlet	 pressure	 relatively	 uniform	 distribution,	 outlet	 pressure	 distribution	 can	 effectively	
ensure	the	speed	of	particles	and	fluid	is	small,	improve	the	separation	efficiency.	
(4)	Separation	efficiency	
In	this	condition,	the	injection	amount	of	particles	is	0.01kg	/	s,	the	particle	size	is	1mm,	and	
the	density	is	1500	kg/m3.	The	internal	calculation	domain	is	calculated	by	using	the	surface	
release,	and	the	total	number	of	particles	 is	504.	By	counting	the	number	of	particles	at	the	
water	 phase	 outlet	 and	 the	 separation	 efficiency	 of	 the	 vertical	 separator	 is	 discussed.	 The	
calculation	results	are	as	follows:	
The	above	figure	shows	the	flow	track	of	the	particles	inside	the	equipment.	In	the	above	figure,	
the	 particles	 are	 spread	 to	 the	 periphery	 of	 the	 support	 along	 the	 support,	 and	 lead	 the	
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downward	movement	under	the	joint	action	of	gravity	and	downward	flow,	and	a	few	particles	
flow	out	from	the	upper	end.	The	separation	efficiency	is	84.52%.	
	

	

Fig	13.	The	flow	track	of	the	particles	inside	the	equipment	

Table	4.	Calculation	results	of	separation	efficiency	of	vertical	separator	
The	entrance	release	 Water	export	 Particle	export	

504	 78	 426	

	
(5)	Multivariate	analysis	
The	internal	flow	field	and	separation	efficiency	of	vertical	separator	with	flow	rate	of	1	m/s,	
particle	injection	volume	of	0.01kg	/	s,	rotation	speed	of	0.1	rad/s,	particle	size	of	1mm	and	
particle	density	of	1550	kg/m3	are	analyzed	and	discussed.	The	following	separation	efficiency	
of	vertical	separator	is	analyzed	and	studied	by	univariate	method,	and	the	calculation	results	
are	summarized	as	follows:	
	

Table	5.	The	calculation	results	
Water	flow	rate	(m/s)	 0.8	 1	 1.2	 1.5	
Parlet	injection	(kg	/	s)	 0.01	 0.01	 0.01	 0.01	

Drum	rotation	speed	(rpm)	 3000	 3000	 3000	 3000	
Particle	size	(mm)	 1	 1	 1	 1	

Particle	density	(kg/m3)	 1550	 1550	 1550	 1550	
separation	efficiency	 86.64	 84.52	 81.23	 80.07	

	

Fig	14.	Graph	of	separation	efficiency	and	injection	volume	
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The	 result	 show	 that	 the	 separation	 efficiency	 is	 gradually	 reduced	 with	 the	 increase	 of	
injection,	and	the	separation	efficiency	of	particles	is	greatly	affected	in	the	calculation	range.	
	

Table	6.	The	Calculation	result	
Water	flow	rate	(m/s)	 1	 1	 1	 1	
Parlet	injection	(kg	/	s)	 0.005	 0.01	 0.015	 0.02	

Drum	rotation	speed	(rpm)	 3000	 3000	 3000	 3000	
Particle	size	(mm)	 1	 1	 1	 1	

Particle	density	(kg/m3)	 1550	 1550	 1550	 1550	
separation	efficiency	 84.98	 84.52	 84.22	 81.89	

	

	

Fig	15.	Graph	of	separation	efficiency	and	particle	injection	volume	

In	the	calculated	range,	the	injection	of	particles	has	little	influence	on	the	separation	efficiency,	
and	the	larger	the	injection	of	particles	decreases	the	separation	efficiency.	
	

Table	7.	The	Calculation	result	
Water	flow	rate	(m/s)	 1	 1	 1	 1	
Parlet	injection	(kg	/	s)	 0.01	 0.01	 0.01	 0.01	

Drum	rotation	speed	(rpm)	 2500	 3000	 3500	 4000	
Particle	size	(mm)	 1	 1	 1	 1	

Particle	density	(kg/m3)	 1550	 1550	 1550	 1550	
separation	efficiency	 81.02	 84.52	 86.58	 83.15	

	

Fig	16.	Graph	of	separation	efficiency	and	drum	speed	
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The	calculation	results	show	that	there	is	an	optimal	value	in	the	drum	speed,	and	the	higher	
and	lower	drum	speed	is	not	conducive	to	the	improvement	of	the	separation	efficiency,	and	
the	drum	speed	has	a	great	influence	on	the	whole	separation	efficiency.	
	

Table	8.	The	Calculation	result	
Water	flow	rate	(m/s)	 1	 1	 1	 1	
Parlet	injection	(kg	/	s)	 0.01	 0.01	 0.01	 0.01	

Drum	rotation	speed	(rpm)	 3000	 3000	 3000	 3000	
Particle	size	(mm)	 0.5	 1	 1.2	 2	

Particle	density	(kg/m3)	 1550	 1550	 1550	 1550	
separation	efficiency	 81.02	 84.52	 86.58	 83.15	

	

	

Fig	17.	Graph	of	separation	efficiency	and	particle	size	

The	effect	of	particle	size	on	the	calculation	is	large,	and	the	separation	efficiency	increases	as	
the	particle	size	increases.	

5. Conclusion	

Through	multivariate	analysis,	the	separation	efficiency	is	gradually	reduced	with	the	increase	
of	 the	 injection	 amount,	 and	 the	 injection	 amount	 has	 a	 great	 influence	 on	 the	 separation	
efficiency	of	the	particles	within	the	calculated	range.	The	injection	amount	of	particles	has	little	
influence	 on	 the	 separation	 efficiency,	 and	 the	 larger	 the	 injection	 amount,	 the	 lower	 the	
separation	efficiency.	There	is	an	optimal	value	in	the	drum	speed,	and	the	higher	and	lower	
drum	speed	are	not	conducive	to	the	improvement	of	the	separation	efficiency,	and	the	drum	
speed	has	a	great	influence	on	the	whole	separation	efficiency.	The	effect	of	particle	size	on	the	
calculation	is	large,	and	the	separation	efficiency	increases	as	the	particle	size	increases.	
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