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Numerical Simulation in the IC Engine Lubricating Gerotor Oil Pump

Nam Kyung-Woo, Jo Sok-Hyun and Park Jae-In
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Abstract

Numerical simulations were conducted on the gerotor type oil pump. Three oil pump models having

different port and groove shape were considered. Firstly, two original models (baseline & variant.1 model)
were simulated in order to validate the accuracy of the simulation results and to better understand the flow
characteristics in the pump. It was found that the cavitation phenomenon as well as the teeth tip leakage is

most important parameter on the pump performance. Based on the simulation results of the original models,

final model (variant.2 model) which has improved port shape and pressure relief valve is suggested to
enhance pump performance and to reduce driving torque. The volumetric efficiency and the hydraulic torque
of the Variant.2 model is improved 4% and reduced 6.1% each at 2000RPM in experiment.
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Table 1 Oil properties for cavitation model

‘Working fluid SW-20 oil

Oil temperature [TC] 100

Vapor pressure , Py, 0.035 bar-abs

Surface tension, ¢ 0.03 N/m
Vapor density, p, 0.02558 kg/m’
Non-condensable gas concentration 30/120 PPM
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Fig. 1 Gerotor oil pump

Table 2 Gerotor oil pump geometry

Number of inner rotor teeth 6

Number of outer rotor teeth 7

Outer diameter and depth of rotor [mm] $ 47X 20.5

Table 3 Boundary conditions

Pump shaft speed [rev/min] 2000/4000/6000
~ Inlet pressure[bar-abs.] 1.0
Outlet pressure[bar-abs.] 3.0

[Pressure relief groove, Fig. 3(A)1& =ZFstx, S/
E3¥ g2 41 TEe T8 FuFg 3B),
(O1F Zolth. Variant. 22Fe]A FY EERI
sharp edge[Fig. 3(D)] pressure relief valve?] A%
NAEAE FF HAez Foo AFagde
FAAR JgE & AoR gt

23 AXA el =

AAtdl Ab&E AzlE Fig. 40lA Kol A
Zol SHA Axtoln F Axgs
Ay Ao Aztes AARFe=R 3 HFY FA
deforming® ). A Z¥ § =L 100um 49
oyt A4l A X 2 5% BAHLS &)
200-250 umE 22 5%},

FEedst gxo A =1L A7 Table 1,
Table 33} Zo] H43}r).

b3

oF 147k7jolch.

YEHZ FF4 1021

Enlarged
passage

Narrow
passage

(@ (b)

Fig. 2 Suction port (a:Baseline, b:Variant.1)

efy port

’ Delivery port
(A)C}.;Z;O\f\e
(D)Shalp edge

!

Sharp edge

il ft
,lgg!gma:

<Side view>

<Top view>

Fig. 3 Suction/Delivery port (Variant.2)

Pumping chambe

\

ort

EASREIELTIRNY

Teeth tip clearance:
200~250pm

Fig. 4 Grid system and pumping chamber grid



1022 gAE -2
g 2.5E+05 M1 i
s 2 M
éwws VNWL VWA AVIVY
% 1smos

(=

360 720 1080 1440

Inner rotor rotating angle[degree]

Fig. 5 Delivery pressure history, 2000rpm, Baseline

100
Y Y
T80 | B
e S
- IR NN
& — Exp.-Baseline
5 50 H e TS
2 40 —EBg.-Varant.l
é I {| ~3¢—Cal-Baseline w/o cavitation model
2 | e~ Cal-Variant.1 w/o cavitationmodel |
> 204 @ Cal-Baseline w/ cavitationmodel [~
lg 1 A Cal-Varant.1 w/ cavitationmodel |~~~
Q 1000 2000 3000 4000 5000 6000
Pump shaft speed [rev/min]
Fig. 6 Volumetric efficiency curve
24 3N 2t
2.4.1 1X} &l A{(Baseline, Variant.1)
W)+ By
Fig. 591 2¥ Ao @& &7 ¥ 2A= +
T 2EQ WS 2F 38d ¥ FU|Ho] FrES

wolzth webd WE 28 384 ¥ gL A
A ARgon FHA

(2 MM¥&ES8 vl

Fig. 69 B 3Apd @& AHag A=E
B Fiujeol g 1e3tA] ¥ A P A
F7 F7ltdE AHEE 9% TFoE A9 &
A3 AL B £ 9t oE AAnlHod Zdg
Haslx Yo, REI 14 IAIJdz A

o 7iu]ejo)do] WAELA] o} 9 Uo] HY A
W2 100% =9 H9, 92 2 g 73S 5‘}

j

¥ EAste Aoz AE7] g o). wt
A 2 n£3AA AugolAg Fuksle A=
H BZo 4T AFo snldHojMe gk 1
7t tEA dads & 5 Atk

Avlglo] g selsta] A H$ 4000rpmo]
st M= AAgET o 4% olste] oxE Hon
6000rpm®| 4} Baseline2 ¢F 1%, Variant.12 <F 8%
o] 2318 BTk 6000pmol A olHE o W4
7} AR A @ ol FRvlEold Edo] slulg o]

A

A BAFE AgeA dFstsd EA7 7] b
79 ez wodt a2y wad oxvh F

& . ukgel
(@
Vapar_Volum f_Frcction
H

c.o-

C-3-

[

C-6—

®) es

Fig. 7 Void fraction(c) contour of the pumping
chamber, 4000rpm, (2)Baseline, (b)Variant.1

1 E

@(cavuatlon inception point)<

o AAulEHol A LA A
Al@ghol]l A

3, AL

oA dZsnz 2 4 dhHE 59 ALEd
= ad 22 AHES Bty & 4 gk

AX HAF 3000pm~4000rpmol| A BEZ AHE
A=t FolAl Hed o AAHe] sHlg oA

o]

=

WA AFoltk o] AH olste FX HAFolA
= AFEE & 90% TEL Bk o] JYA
= AlulHold EAo] viwsty] wEd AMHEE
2 BT R FAF wet 2F AT ANA
2E § 733& 53 FAGE nsidsd AE
@ A9 e ESFE Holg AS B F 9,1‘4

ol A AArdd A a1 €@ ¥ 3T
+34 ZA3 4 Aak RddA A" H 7J
= ol9 9] Mo U BA L st HA F
Al w3 o 10%2 FAo] AALH7] wWEol

_\1

n:io (R

> A4 3000~4000rpm o] Aol A= ) u]E)
| BAHo2 BAste= 2o A F
F43 #asA "ok Fig. 7& FZ 3)A
T 4000rpmoll A BE ¥ 9] B void fraction(a)
B ¥ 2 4] Baseline©| Variant.1A}Sol]l H] 8] 7§u] &)
old wEo] o] XAFIT USE & T Ath
o] o] AHES ME(Fig. 6)2 B BaselineA
AR FZSo] variant.10] 83 oF 14% #4239 S

[e] [¢]

B

o
T

1

e
T
L

le[rn_\%

fol

E



@

~1E+004
—2E+OD4+
-3£+004
~4E+QD4
(b) ~SE+0D4 —
—6E+004ﬂ
~7E+004

—BE+004—

—9E+oo4j
~1E+005

Fig. 8 Total pressure contour of the pumping chamber,
4000rpm, (a)Baseline, (b)Variant.1

T ﬁliﬂi ""”‘*’a*fo} i}ﬂ H“é’oP“ A
oA Void fraction{Fig. 7(a)]= =& aﬂl AR5}
T U FEEAol AdE e F5AF
A Zgste Ag ouistez, of FidA
Bz oY Fdol d¥stA Zaby] w&
Aulelold W&o o& Void
Hoh whebs B3 ’“BMH
AHlEHold BE BAF RAE HliHe FYE
Eo) FEATE oAt && & & 9

(3) 8 7t $H(Teeth tip leakage)

Fig. 92 B 344 4000rpmol] A} Baseline i}
Varlantlt"ﬂ-f] ]‘j‘tﬂ u}uq ;(401. 1:11 FE] Z_],:L ‘—1\4
HEE {&9E oot A ARE B
Variant.1 2.2 0] Baselineol] B3l § 7+=<¢ &
FAZo o B2y 1 ofe vy @":}
tutel Bzt B3 A EFEYAN F=E5RYE
2)er HzsE 4 Ay 2= FY Ha
B A E FTY % ESLEY dA4HA @
Ao 2EY o nYH AEst Dot ojug
AW E 3% Bv(trapped chamber, Fig. 9)8} 221},
kol Y Ao AujEold WE ¢lo] 2do]
Y5 A AEe AS, FE170Fig 94b), AT F
QF FAIZE Wy Fol ¢lil, =3 Baseline 2

ny Eiol'

rSL' (2 o
]o

Fig. 9 Teeth tip leakage, Static pressure contour and
velocity vector of the pumping chamber,
4000rpm, (a)Baseline, (b)Variant.1

Table 4 Calculation results - Volumetric efficiency and

hydraulic Torque
RPM MODEL Volumetric Hydraulic torque
efficiency [%) [N-m]
2000 Variant.1 857 0.44
Variant.2 86.6 (091 0.44 (-)
4000 Variant.1 88.6 0.72
Variant.2 91.93.31H 0.69 (4.2%%)
Variant. . .74
6000 ariant.1 68.2 0.7
Variant.2 64.2(4.04) 0.72 (2.7%4)

Table 5 Test results - Volumetric efficiency and driving

Torque

RPM MODEL Volumetric Driving torque

efficiency [%] [N-m]

jant. . 0.

2000 Variant.1 88.1 78
Variant.2 92.1(4.01 0.73(6.1%4)

4000 Variant.1 83.7 1.20
Variant.2 91.8(8.1%H 117 (1.9% )

6000 Variant.1 60.2 1.57
Variant.2 73.3(13.1% 1.19 (1.9%¥)
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Fig. 10 Teeth tip leakage, Static pressure contour and velocity vector of the pumping chamber 4000rpm, (1) 1/5
pitch, (2) 2/5 pitch, (3) 3/5 pitch, (4) 4/5 pitch, (5) S/S pitch , (a)Variant.1, (b)Variant.2, *1pitch :60degrees
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