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Evaluation of Spiral Groove Geometry for Improvement of Impeller Levitation Performance in a
Hydrodynamically Levitated Centrifugal Blood Pump
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Abstract: We have developed a hydrodynamically levitated centrifugal blood pump as a bridge to decision. The impeller is
levitated by hydrodynamic bearings without any displacement sensor and feedback control circuit. However, since the
bearing stiffness of the hydrodynamic bearing is small, the bearing gap tends to become narrow. The purpose of this study
is to evaluate the effect of spiral groove geometry on impeller levitation performance in a hydrodynamically levitated
centrifugal blood pump for the improvement of the impeller levitation performance. We compared the geometric models
that have different groove width. The numerical analysis was performed in order to calculate the hydrodynamic force. The
impeller levitation performance test was conducted using a mock circulation loop and a laser focus displacement meter. As
a result, it was found that the sudden contraction model achieves an improvement of the impeller levitation performance in

a hydrodynamically levitated centrifugal blood pump.
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Fig. 1 Hydrodynamically levitated centrifugal blood pump
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Fig. 2 Geometric model of the numerical analysis in polar
coordinate system.
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Fig. 3 Test circuit of the impeller levitation performance test.

3. BRBLUEBE

BEMAT OFERZ X 4 17T, 7T 7 ORI 5
NERL, HHIIAT A MZREZERT. RERIZ, &
ARET IV OMZIAE T %, BT T VO RAE T % 5
L LTERLTWD., FEREND, SfE/hET VX, i3
BRI 5-150 pm ICB W THICIEDEZ & v, thoTRET v
DT, HbEMZRENDEL otz £z, s 50
um LA G, KigICEizmeEnEm otz ekes
SV, B2 B 5-150 um ICB W CHIICIEDE A & 5 Z &R
o Tz, WEIE L1 BTV, EhAZBRE 80 um LA R O X H
TIHXIEDEE & o728, #hi5zFRf# 80-150 um TIX A DE %
Lot Fm, ERET AR NTHEISZRRAE IR EN L
By Molz. BIERET ML, 32 5-150 um (2B T
WICADEEZ LY, KMITET VO T, RbihszIsET
BENZ ERgh ol HEEET VL, s34 o FLUE
THDHED, HIZONDETHD. 5 >OFHTET/LON,
BHE/NET VTEIZ AN R bEL feofze. T, il
AR BRI TR LIRS, mismicst L
RN AN T DIk T, BWEIENECZT-D &
EZbND. BRE/NETMTRNT, HERET VOl
ENNEL ol Z EIZONWTEZ D, [EETT T,
JEFE R CIIHEER & OB RS 2 kg cR &, R—¥
BAIZBWTHEER & mERobEi 1:1 & 722 52, [F—/E T,
032 S JEAR > & 852 N~ 2\ HE IR 23RN D IR T
HDHHEBEZLND. HIE L1 T VO RAE I
sz B 80 um LA ETIFADME & 7o 7=. filisz R 80 um
PIETHBIEEBICEDMEBNE LN EEZDBN, I5IC
HEOSEZEENBD T D70, HEET VTl
FWENDERLS oz EBEZXOND. —F, BRI,
HsZ BRI 5-150 um IZB W THICADZ KA NAET S
&b, BFEES S UORNET, X5, RIEKEIR
1%, BHFE/NEIRO Pump-out TEIR E R Z B TE S,
Pump-out FZIR 1, AOEISZHBENNELT B0, 47
AR LEESEL LR THLEEZLNDY.

X 512, RAMEBR ZHE L-1572 200 mmHg, & 4.0

LIFE2013 20134E9 A 2 H—4 H [LFL (LELKEE)

L/min % B9 25 EAREEREEFO A T % ERERB O
ERAERT. VS 70T AT 2 N Iz mEEE L,
REohZR > FIfE 2= LT\ D. E7-, it AT 2R
FULEM B E R L, M PIT2RBERIEA 7 A N BT
BRAIOAE 30023 pm K. X5 ICRWT, MERET L
DA > F 1%, [FfEEK 1,500 rpm 225 1,750 rpm O TR
W — v ZA~ZENE L, [BIEEHEGK 2,000 rpm LA T
EIE—EITHERS L=, RE3RE T /1 00 iE A RIEEE 0D T
1L, 3623 um &7z o7z, IR L1 ET DA XTI,

[Al#54% 1,500 rpm 2> 5 1,750 rpm O R CRIKIC FiEi 7 —3 >
THI~ZENL L, [EIEEEGR 2,000 rpm LA CLlEIE—EICHEB
L7-. 08 11 =5 4 O ERKEEEIEO FmmRbiE, 2611
um L 7potm. BREINETADA AT IE, [EHEEE OB
EEBICTFHr— Y T RIASENL LT X, [R5 2,000
rpm DL TIRIE—EICHER LT, Afi/he 7 Lo EkkEis
FFO THEBREIIL, 9022 pym & 7e-o72. BILKETAICE
W, A T EEEER 1,500 rpm 72 B ARKIC Ty —3
VIIANENL L, BIEREOEME & HIZ Py — > 7T
AR L, EERER 3,300 rpm TREAZ — > 7 & il
Lic. F70, RS T VBT ORctSRE Liclw,

FERNIIT - T, ARERNS, BB X - TR
ToHhSZ A AE DS IOV, TERE IR O T B 23 A < 72
HEECH D EEZOND. —JF, BRIERKETVIZEBWT,

FlHEEO#EME & I TEEMAREY, Twr—v 7
WZEfLT=DlX, 4T TFTmEr—y 7 Bc%s /1T
HDHADEWZIRANNAE LD EEZ BN, KiEfEho
FER L RIRE O &R Lz, /ERET L, g 111 T,

B LOEHE/INETUICRB T, BIEEHCK 2,000 rpm LLET

AVRIEFTFTHTr—V 7 FHY TIRE—EICHERT D &
N, AT TFTERMOAT A N THEESN TN D
EEBZOND. E, ERET VB LOEE LLET VI,

[ElH5%% 2,000 rpm LABE (X F PR 50 um 5% 1 XT3
AL LTV 2, A/ e T U, [ 2,000 rpm BLE
B 100 pm (1% A A RINEM L TN 2 En
5, B 100 pm OJEWREICBWTHEENEL TV D
LEZLND.

AR KO EIZB T 5 A T % BRI RER O
RELT, K6IWRETNVORREZ, X7 IZHIE 11 €
TNORER %, K 8 IZ2Mi/NET VOREREENTILRT.
7T 7 OHEENEA T A b N EERE A E L, Mk
ERT. E, BENFATRERIZIA T X b ETREOE
#3003 um ZE. K6 ICRBWT, EREFT VDA 2
T BRI, R R CRENBD T D E, AT
ETET —> > 7 VICEMT DB H D Z &R mro
7=, 51, [EfiE 1,500 rpm (B W THTERD & & Big,
AR IFRBICTE Y — v TPANENT D 2 & ah
oSl Flz, BANRINETHRB L CEERR7ITE
W, TR A< 72 B8 A1 3 - 7= 3,000-4,000 rpm D
RO I\ T, TRBREIE 30 um R & IR 23 g
AMENDIRWEMIC o7z, M7 I2BWT, #iE 11 5
NDA T BRI, R — R TR EN AT 5 &,
AVRIETHEHT =2 T HVICEMT DEmCHD &
Mool BT, kT TV &R, BlfE%H 1,500 rpm
WCBWTIRERAD L &I, 4 _RTTAMIC Ty —
VIPANENT D T E By o, E£72, 3,000-4,000 rpm
O EEIEEERFIZ IV T, MR i 30 um FR L & Vi A3
AEINDPOBREIC /o 72, K 8IZBWT, &fE/hET L
DA TP BRI, Rl — B THREN BT 5 &,
AR TFET— v TN ENT DS D Z L0

0S3-1-6-3



ot £, AfEheT ovidhoeT L LT
LB L OWE FTOA RT3 ErED By —
VIMITHD T LRy oT-. E£7-, 3,000-4,000 rpm D
EEHECICB VT, FHERE 70 um DL E2EHTE 5
e

PlEXY, Bf/NET VI, OET VLKL TRY
TOXEEMETICBONTCHAW FTHRE 2 EHTEH2 20
O, AV NTFEREEZEETE AN o £,
SR NET ML, IEWTHRMEZEA T2 00, &
MAAFEOSFELPFETE 5720, 51 in vitro MLk &R
BET, i T57ETHD.

150 —
= r O Conventional model 1
£ 100+° = One to one groove width model |
@ | o ® Sudden contraction model
© O Sudden expansion model
S S0 o v Ungrooved model ]
2 e ° 1
E o-v888ppeeennneng
3o o
c I o 1
3 -50F -
o | O
S -100t0 -
I L

-150 e
50 100 150
Thrust bearing gap (um)

Fig. 4 Hydrodynamic force of each model was obtained by the
numerical analysis.
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Fig. 6 Bottom bearing gap of the conventional model at each
rotational speed and flow rate.
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Fig. 8 Bottom bearing gap of the sudden contraction model at
each rotational speed and flow rate.
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