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Mesh Study
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Flow Fields

AxVAD1

Seed | How Description of flow Maximum | Location of| Extent of | Max Location of

(k rpm) | (I/min) velocity maxmum recirculation | turbulence | maxmum

magnitude | velocity zone (outlet | intensity turbulence
(m/s) magnitude diameters) | (%) intensity

8 2 Flow through theimpeller blades was smooth an 6.01 high pressure| <1 330 upstream half of
followed the curves of the blades. Helical flc side of the diffuser blade
occurred between the diffuser blades ar impeller passage
downstream of these blades. A recirculation zg blades around
occurred in the outlet. Recirculation zones occurf halfway along
between the downstream half of #se bladesA small their length
recirculation zone occurred in the outlet.

8 3 Flow through the impeller blades was smooth a| 6.38 Trailing edge| 3 232 Large region in
followed the curves of the blades into the upstreal of impeller impeller blade
part of the diffuser blades.Recirculation zone blades passage
occurred inthe downstream portion ofthe diffuser
blade passagesA large recirculation zone occurred
the outlet.

8 4 Flow through the impeller blades was smooth a 6.95 Near leading| <1 216 Large region in
followed the curves of the blades into the upstrea edge of impeller blade
part of the diffuser bladesA small recirculation zoni impeller passage
occurred in the outlet. blades

10 2 Flow through the impeller blades was smooth a| 7.73 leading edge 1 455 Around leading
followed the curves of the blades. Helical flc of impeller edge of diffuser
occurred between the diffuser blades ar blades and in blades
downstream of these blades. A recirculation zgQ tip leakage
occurred inthe outlet. flow near

leading edge

10 3 Flow through the impeller blades was smooth a| 7.79 Large region 1.5 288 upstream half of
followed the curves of the blades. Helical flc near shroud diffuser blade
occurred between the diffuser blades anc on high passage and smal
downstream of these blades. A recirculation zg pressure side regions at leading
occurred in the outlet. of impeller edges of irpeller

blades blades

10 4 Flow through the impeller blades was smooth a 8.22 Trailing edge 2 High pressure sidg¢
followed the curves of the blades into the upstrea of impeller of impeller blades
part of the diffuser blades. Recirculation zon blades near leading edge
occurred between the diffuser blades with helical fl¢




downstream of these blades. Aecirculation zoneg
occurred in the outlet.

12 2 Flow trough the impeller blades flow is divided in tv 9.32 at leading| <1 514 upstream half of
layers with the outer layer following the curves oftl edge and in tip diffuser blade
blades and recirculation in the inner layer. leakage flow passage
Recirculation zones occurred between the diffug near the
blades with helical flow downstream of these blad¢ leading edge
A small recirculation zone occurred in the outlet.

12 3 Flow through the impeller blades was smooth aj 9.30 large  region| 2 364 upstream half of
followed the curves of the blades into the upstrea near shroud diffuser blade
part of the diffuser blades. Recirculation zon on high passage
occurred between the diffuser blades wittelical flow pressure side
downstream of these blades. A recirculation zgQ of blade
occurred in the outlet. halfway along

blade

12 4 Flow through the impeller blades wasmooth and| 9.70 large region| 3 268 Widely
followed the curves of the blades into the upstrea near shroud distributed
part of the diffuser blades. Recirculation zon on high between diffuser
occurred between the diffuser blades with helical flc pressure side blades and
downstream of these blades. A recirculation zg of blade around impeller
occurred in the outlet. halfway along blades

blade

AXVAD2

Speed | Flow Description of flow Maximum | Location of| Extent  of| Turbulence | Location of

(k rpm) | (I/min) velocity maxmum recirculation | intensity maxmum

magnitude | velocity zone in| (%) turbulence
(m/s) magnitude outlet intensity
(diameters)

8 3 After an area of reverse flow between the inlet be| 5.70 Regions on thg <1 133 Upstream half of
and straightener, flow enters the imper passages high pressure diffuser blade
smoothlyand followsthe shape of the blades into th side of the passages
diffuser passages. Here helical flows develop ;i impeller
become more apparent downstream of the diffus blades near
blades. There is a small recirculation zone downstre the shroud
of outlet bend. and trailing

edge
8 5 After an area of reverse flow between the inlet bej 5.50 Regions on thg 1 107 Upstream half of




and straightener, flow enters the impeller passag
smoothly andfollowsthe shape of the blades into th
diffuser passages. Here helical flows develop |
become more apparent downstream of the diffus
blades. There is a small recirculation zone downstre
of outlet bend and helical flow persists well into t
outlet tube.

high pressure
side of the

impeller
blades near
trailing edge

and midway
between hub
and shroud

diffuser
passages

blade

8 After an area of reverse flow between the inlet be| 6.09 Spots on low| 98.3 Upstream half of
and straightener, flow enters the impeller passag pressure side diffuser blade
smoothly andfollowsthe shape of the blades into th of impeller passages
diffuser passages. Here helical flows develop | blades at
become more apparent downstream of the diffus trailing edge
blades. There is arall recirculation zone downstrear,
of outlet bendand helical flow persists well into th
outlet tube.

10 After anarea of reverse flow between the inlet ber| 7.50 Tip of the 153 Upstream half of
and straightener, there are some complicated flc leading edge diffuser blade
structures between the straightener and impells of the impeller passages
blades and flow then mers the impeller blades blades
Helical flows develogn the diffuser blade passage
and become more apparent downstream of the
diffuser blades. There is a small recirculation z(
downstream of outlet bend and helical flow persis
well into the outlet tube.

10 After an area of reverse flow between the inlet be| 6.60 Regions on theg 115 Upstream half of
and straightener, flow enters the impeller passac high pressure diffuser blade
smoothly andfollowsthe shape of the blades into th side of the passages
diffuser passages. Here helical flows develop | impeller
become more apparent downstrearof the diffuser blades near
blades. There is a small recirculation zone downstre trailing edge
of outlet bend and helical flow persists well into tt and midway
outlet tube. between hub

and shroud

10 After an area of reverse flow between the inlet bel 6.93 Around  the 102 Upstream half of
and straightener, flow enters the impeller passag trailing edge diffuser blade
smoothly and follows the shape of the blades into t of the impeller passages

diffuser passages. Helical flow develagpmvnstream
of the diffuser blades. There is a small recirculat
zone downstream of outlet bend and helical flc

persists well into the outlet tube.

blades




12 3 After an area of reverse flow between the inlet be| 9.67 Tip of the|l 180 Spots upstream o
and straightener, there are some complicated flq leading edge impeller blades
structures between the straightener and impell of the impeller
blades and flow then enters the impeller blade blades
Helical flows develop in the diffuser blade passaj
and become more apparent downstream of th
diffuser blades. There is a small recirculation z(
downstream of outlet bend and helical flow persis
well into the outlet tube.

12 5 After an area of reverse flow between the inlet be| 8.09 Spots at thel 1 126 Diffuser blade
and straightener, flow enters the impeller passag leading edge passages
smoothly and follows the shape of the blades into t of the impeller
diffuser passages. Helical flow develops downstre blades and on
of the diffuser bladesThere is a small recirculatio high pressure
zone downstream of outlet bend and helical flg side near
persists well into the outlet tube. trailing edge

12 7 After an area of reverse flow between the inlet ber 8.00 Regions on thg 1 106 Diffuser blade
and straightener, flow enters the impeller passac high pressure passages
smoothly and follows the shape of the blades into t side of the
diffuser passages. Helical flow develops downstre impeller
of the diffuser blades. There is a small recirtiola blades near
zone downstream of outlet bend and helical flg trailing edge
persists well into the outlet tube. and midway

between hub
and shroud

AxXVAD3

Speed | Flow Description of flow Maximum | Location of| Extent of| Maximum | Location of

(k rpm) | (I/min) velocity maxmum recirculation | turbulence | maxmum

magnitude | velocity zone in| intensity turbulence
(m/s) magnitude outlet (%) intensity
(diameters)
10 1 Flow enters thampeller blade passages smoothly a| 6.29 All along| 2 398 Spots in upstrean

mostly follows the shape of the blades. There
significant tip leakage flow. Flow through the diffus
blade passages is smooth but there are lal
recirculation zones in the downstream halkome

helical flow develop after the diffuser blades an

impeller blade
tips

half of diffuser
blade passages




there is a recirculation zone after the outlet bend.

10 Flow enters the impeller blade passages smoothly | 6.35 All along 183 Spots in upstrean
mostly follows the shpe of the blades. Disturbance impeller blade half of diffuser
develop in the downstream half of the diffuser blag tips blade passages
passages. There is a small recirculation zone after|
outlet bend.

10 Flow is mostly smooth and follows the shape of tl 7.21 Impeller blade 125 Small spots in
impeller blades. However, there are small recirculati passages nea upstream half of
zones at the leading edges of the impeller blades i shroud diffuser blade
some helical flow in the passages near the trall passages
edges. Disturbances develop in the downstreanf |
of the diffuser blade passages. There is a sI
recirculation zone after the outlet bend.

12 Flow enters the impeller blade passages smoothly | 7.71 Tip leakage 444 Regions on low
mostly follows the shape of the blades. There flow near pressure side o
significant tip leakage flow. There are lar leading edge diffuser  blades
recirculation zones in the downstream halves of t of blade near leading
diffuser blade passages. Some helical flow devel edges and smal
after the diffuser blades and there is a recirculati spots at leading
zone after the outlet bend. edges of impeller

blades

12 Flow enters the impeller blade passages smootéiy | 7.58 Spots at 228 Regions on low
mostly follows the shape of the blades. Disturban( trailing edge pressure side of
develop in the downstream half of the diffuser blag of impeller diffuser  blades
passages. There is a small recirculation zone after blades near leading
outlet bend. edges

12 Flow is mostly smooth and follows the shape of 1| 8.36 Spots on high 142 Spots in impeller
impeller blades. However, there are small recirculati pressure side blade passages
zones at the leading edges of the impeller blad of impeller
Small disturbances develop in the downstream hali blades  near|
the diffuser blade passages. Flow in the etitis leading edge
relatively smooth but there is a small recirculati
zone after the outlet bend.

14 Flow enters the impeller blade passages smoothly | 9.15 Spots at 516 Spots in upstreanmn
mostly follows the shape of the blades. There leading edgeg half of diffuser
significant tip leakage flow. There are larn of impeller blade passages
recirculation zones in the downstream halves of t blades

diffuser blade passages. Some helical flow devel
after the diffuser blades and there is a recirculati

zore after the outlet bend.




14 2 Flow enters the impeller blade passages smoothly | 8.89 Spots at| 2 266 Spots in upstrean
mostly follows the shape of the blades. Disturban( trailing edge half of diffuser
develop in thedownstream half of the diffuser blad, of impeller blade passages
passages along with large recirculation zones. Thel blades
a small recirculation zone after the outlet bend.

14 3 Flow is mostly smooth and follows the shape of t| 9.25 Spots on high 2 173 Impeller blade
impeller blades. Small disturbances develop in | pressure side passages
downstream half of the diffuser blade passages. F of impeller
in the outlet is relatively smooth but there is a sm blades near
recirculation zone after the outlet bend. leading edge

and at trailing
edge

CentVAD1

Speed | Flow Description of flow Maximum | Location of| Extent  of| Maximum | Location of

(k rpm) | (I/min) velocity maxmum recirculation | turbulence | maxmum

magnitude | velocity zone in| intensity turbulence
(m/s) magnitude outlet (%) intensity
(diameters)

3 3 Flow enters from the inlet in the centre of the VA 7.74 Low pressureg 5 37.6 Around tip of
from where it is spun circumferentially anchdially side of blades blade nearest
and exits through the outlet. Some blood takes t at and near outlet
secondary flow path outside the rotating magne tips
There is a large recirculation zone in the outlet.

3 5 Flow enters from the inlet in the centre of the VA 7.99 Blade tips and 3 36.5 Low pressure sidg
from where it is spun circumferentially and radia Low pressure of blade nearest
and exits through the outlet. Some blood takes t side of blades outlet
secondary flow path outside the rotating magng near tips
There is a recirculation zone in the outlet.

3 7 Flow enters from the inlet in the centref the VAD| 7.75 Low pressurg 2.5 37.0 Low pressure sidg
from where it is spun circumferentially and radia side of blades of blade nearest
and exits through the outlet. Some blood takes t at and near outlet
secondary flow path outside the rotating magne tips
There is a recirculation zone in the outlet.

4 3 Flow enters from the inlet in the centref the VAD| 10.3 Blade tips 5 39.0 Around tip of
from where it is spun circumferentially and radia blade nearest
and exits through the outlet. Some blood takes t outlet
secondary flow path outside the rotating magne




There is a large recirculation zone in the outlet.

4 5 Flow enters from the inlet in the centre of the VA 11.0 Low pressurg 3.5 38.8 Low pressure sidg
from where it is spun circumferentially and radia side of bladeg of blade nearest
and exits through the outlet. Some blood takes t at and near outlet
secondary flow path outside the rotating magne tips
There is a recirculatiorone in the outlet.

4 7 Flow enters from the inlet in the centref the VAD| 10.6 Blade tips 3 40.3 Around tip of
from where it is spun circumferentially and radia blade neaest
and exits through the outlet. Some blood takes t outlet and large
secondary flow path outside the rotating magne area on low
There is a recirculation zone in the outlet. pressure side

5 3 Flow enters from the inlet in the centre of the VA 13.1 Low pressure 3 38.3 Low pressure sidg
from where it is spun circumferentially and radia side of blades of blade nearest
and exits through the outlet. Some blood takes t near tips outlet
secondary flow path outside the rotating magne
There is a small recirculation zone in the outlet a
helical flow persists further.

5 5 Flow enters from the inlet in the centref the VAD| 13.1 Low pressureg 5 394 Around tip of
from where it is spun circumferentially and radia side of blades blade nearest
and exits through the outlet. Some blood takes t at and near outlet and large
secondary flow path outside the rotating magne tips area on low
There is a large recirculation zone in the outlet. pressure side

5 7 Flow enters from the inlet in the centre of the VA 13.9 Spots near tipg 6 38.7 Low pressure sidg
from where it is spun circumferentially and radia of blades of blade nearest
and exits through the outlet. Some blood takes t located outlet
seconday flow path outside the rotating magne nearest to
There is a large recirculation zone in the outlet. outlet

CentVAD2

Speed | Flow Description of flow Maximum | Location of| Extent of | 1 inlet | 2™ inlet | Maximum | Location  of

(krpm) | (I/min) velocity maxmum recirculation | reciraulation | reciraulation | turbulence | maxmum

magnitude | velocity in outlet | zone zone intensity turbulence
(m/s) magnitude | (diameters) | (diameter) | (diameter) | (%) intensity

5 1 Helical flow develops in thq 5.46 High 2 0.16 0.16 81.0 High pressure
inlet and persists throughou pressure side of
the central hole in the impeller side of impeller
Some blood takes thg impeller blade closest
secondary flow path outsidg blade to outlet just




the rotating magnet.There is closest to beneath the
also helical flow in the volutg outelet just shroud

and a recirculation zone ithe beneath

outlet. the shroud

There is a small recirculatio] 5.29 Trailing 0 0.28 <0.1 49.6 Multiple
zone in the corner of thenlet edge of spots where
tube but a larger zong impeller the inlet flow
downstream of the inlet bend blade meets  the
Flow through the impellef closest to centre of the
passages is smooth and there outlet impeller and
minimal helical flow in the spots at
volute. Some blood takes thg leading edgesg
secondary flow path outsidg of blades
the rotating magnet.Flow in furthest from
the outlet is also smoottwith inlet

minimal helical flow.

There is a small recirculatio 5.33 Two 0 0.24 0.44 454 Multiple
zone in the corner of the inle impeller spots where
tube but a larger zong blade the inlet flow
downstream of the inlet bend passages meets  the
Some blood takes thg furthest centre of the
secondary flow path outsidg from outlet impeller

the rotating magnet. Helical

flow occurs in the volute.

Helical flow develops in th¢ 7.81 Areas on| 3 <0.1 <0.1 75.9 Regions
inlet and persists throughou high downstream
the central hole in the impeller| pressure of impeller
Some blood takes thg side of blades
secondary flow path outsidg impeller

the rotating magnet. There i blades

helical flow in the volute buf closest to

flow outlet is relatively smooth outlet

Helical flow develops in th{ 7.43 Spots at| 0.5 0.26 0.24 62.4 Multiple

inlet and persists throughou the trailing spots where
the central hole in the impeller edges  of the inlet flow
Some blood takes thq the meets  the
secondary flow path outsidg impeller centre of the
the rotating magnet. Flow i blades impeller

the volute and outlet are either at

relatively smooth. the shrou

or the




rotating

magnet or

both
Helical flow develops in th{ 7.24 Spots  at 0.14 0.14 54.7 Spots at
inlet and persists throughou the trailing trailing edges
the central hole in the impeller edges  of of impeller
Some blood takes thg the blades
secondary flow path outside impeller
the rotating magnet. There i blades
helical flow in the volute and either at
the outlet. the shroud

or the

rotating

magnet or

both
Flow in the inlet bend is helicq 9.87 High 0 <0.1 76.2 Regions on
and while there is ng pressure <0.1 the high
recirculation in the cornel side of pressure side
there are recirculation zone impeller of the
on both sides of the verticg blades near, impeller
section Some blood takes th outlet blades near
secondary flow path outsidg the trailing
the rotating magnet. There i edges and
helical flow in the vlute and a the shroud
large recirculation zone an
helical flow in the outlet.
Helical flow develops in thel 10.0 Spots at 0.11 0.22 70.7 Spot at the
inlet and persists throughou trailing leading edge
the central hole in the impeller edges  of of the
Some blood takes thq impeller impeller
secondary flow path outsidg blades blade closest
the rotating magnet. There i to the outlet
helical flow in the volute and
the outlet.
Flow in the inlet is relatively 9.86 Spots & 0.19 <0.1 55.6 Multiple
smooth with a small trailing spots where
recirculation zone in the corne edges  of the inlet flow
and a small amount of helicg impeller meets  the
flow. Some blood takes th blades centre of the

secondary flow path outsidg

the rotating magnet. Flow ir

impeller




the volute and outlet are
relatively smooth.




Shear Stress Histograms
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AxVAD2
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AxVAD3
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CentVAD1
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CentVAD2
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Location of high shear stress

AxVAD1

150 Pa 500 Pa
8k2 | Leading edge of impeller blades Spots on leading edges of impeller blades
Along high pressure side of impeller blade tips

Along high pressure side dfffuser blade tips
T

Leading edge of diffuser blades

Throughout gap between impeller blade tip and shrou
Patches on shroud mainly on low pressure side (
impeller blades

Patches on hulg mainly on low pressure side diffuser
blades

Smaller patches on hub deading edges of impelle
blades

Smaller patches on shroud at leading edges of diffl
blades

<

8k4 | Leading edge of impeller blades Spots on leading edges of impeller blades
Leading edge of diffuser blades Along high pressure side of impeller blade tips
Throughout gap between impeller blade tip and shroy Along high pressure side of diffuser blade tips
Patches on shroud mainly on low pressure side ( L
impeller blades
Patches on hulg mainly on low pressure sidof diffuser
blades
Smaller patches on hub at leading edges of impe
blades

g
12k2 | Leading edge of impelldédades Along surface of impeller blade tips

Leading edge of diffuser blades

Throughout gap between impeller blade tip and shrou
Throughout gap between diffuser blade tip and hub
Layer covering shroud from leading edge of impe
blades to leading edge of diffuser blades

Layer covering hubrdm trailing edges of impelle

Along surface of diffuser blade tips
Layer on shroud opposite impeller blade tip




blades to diffuser blades
Layer coveringonvex curve of hub
Patches in middle of diffuser blade passagf,
12k4 | Leading edge of impeller blades Along surface of impeller blade tips
Leading edge of diffuser blades Along surface dodiffuser blade tips
Throughout gap between impeller blade tip and shroy Layer on shroud opposite impeller blade tip
Throughout gap between diffuser blade tip and hub L
Layer covering shroud from leading edge of impe
blades to leading edge diffuser blades
Layer covering hub from trailing edges of impel
blades to diffuser blades
Layer coveringonvex curve of hub
Large patches on hub upstream afid withinimpeller
blade passages
g
AxVAD2
150 Pa 500 Pa
8k3 | Tips and leading edges of the impeller blades Thin line along higpressure side of impeller blage tip

Some patches on shroud near impeller blades
Patches on shroud in diffuser blade passages
b g




8k7

Tips and leading edges of the impeller blades
Patches on the high and low pressure sides of
impeller blades

Convex section of impeller hub

Some patches on shroud near impeller blades
Patches on shrouthroughaut diffuser blade passages
Patches on hub at downstream end of diffuser blg

passages
<

Thin line along high pressure side of impeller blade ti

Spot at tip of leading edge of impeller blade
g

12k3

Layer covering shroud from upstream of impeller blg
leading edges to midway through diffuser bla
passages

Gap between

completely filled
Near leading edges of diffuser blades hub gap
completely filled

Small regions on high pressure sides of straighte
blades

Patcheson hub near impeller blades at leading edg
midway along on low pressure side and near trail
edges on high pressure side

Patches on hub upstream of diffuser blades

Patches at trailing edges of diffuser blades

impeller blade tips and shroud

Patches on impeller blade tips coverimgpole width of
blade near leading edge and a line all along h
pressure side

Spots on hub near leading edges of impeller bla'des

12k7

Layer covering shroud from upstream of impeller blg
leading edges almost to trailing edges of diffuser blad
Gap béween impeller blade tips and shroud
completely filled

Convex section of impeller hub

High and low pressure sides of impeller blades

High pressure sides of diffuser blades

Patches on impeller blade tips covering whole width
blade near leading edgand a line all along hig
pressure side

Spots on hub near leading edges of impeller blades
Small spots at leading and trailing edges of impe

blades
x




AxVAD3

150 Pa

500 Pa

10k1

Regions on shroud from leading edges of impeller bla
to leading edgesf diffuser blades

Leading edges of impeller blades and patches on
and low pressure sides

Patches on hub between diffuser blades

Convex sections of spindle/hub

Rings around tripod tips

Along tip and leading edges of impeller blades
Leading edgeand thin line along high pressure side
diffuser blade tips

<

10k3

Regions on shroud in impeller blade passages
Patches on high and low pressure sides of impe
blades

Patches on hub between diffuser blades

Convex sections of spindle/hub

Rings aroundripod tips

Along tip and leading edges of impeller blades
Leading edges and thin line along high pressure sid
diffuser blade tips

Spots on hub near diffuser bladimiling edges

Upstream half of outlet tripod gaps
<

14k1

Large regions on shroudom leading edges of impelle
blades to leading edges of diffuser blades

Leading edges of impeller blades and patches on
and low pressure sides

Whole ofhub between diffuser blades

Whole of gap between tripod bearings and spindle
Whole of gap betweeimmpeller tips and shroud
Convex sections of spindle/hub

Covering most of impeller blade tip and shroud oppos
Leading and trailing edges of impeller blades

Leading edgeshin line along high pressure side, al
whole of downstream end, of diffuser laa tips

Spots on shroud near leading edges of diffuser blades
Upstream half of outlet tripod gaps

Downstream half of inlet tripod gaps




14k3

Large regions on shroud from leading edges of impe
blades to leading edges of diffuser blades
Leading edge®sf impeller blades and patches on hig
and low pressure sides

Whole of hub between diffuser blades

Whole of gap between tripod bearings and spindle
Whole of gap between impeller tips and shroud

Convex sections of spindle/hub
<

Leading and trailing edges infipeller blades

Leading edges,thin line along high pressure side,
whole of downstream end, of diffuser blade tips
Spots on shroud near leading edges of diffuser blades
Upstream half of outlet tripod gaps

Downstream half of inlet tripod gaps
2

CentVAD1
150 Pa 500 Pa
3k3 | Trailing edge and high pressure side of top of impe None
blade tips




Trailing edge and high pressure side of impeller blade

A few tiny spots on the trailing edges of some blades

3k7
Also patches on low pressure sides of blades
Patches on outer housing at base
Patches onator in the central hole
5k3 | High and low pressure sides of blades towards trai| Trailing edge and high pressure side of top of impe

edge.

Trailing edge of blades
Alternating stripes on surface of rotor and rotor housi
(due to vortices in theotor-housing gap)
Patches on rotor in the central hole

blade tips




