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Size and Shape Optimization of the Oil Pump for Fuel Consuming Reduction
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Abstract : Generally block imbedded type oil pump is adopted to make a small engine. In this paper 1D/3D numerical
simulations were conducted to reduce energy consumption of the block imbedded type oil pump. At each stage of
engine development wehave estimated the oil flow rate and pressure to optimize oil pump sizes by using the 1D system
analysis and then accomplished 3D CFD(Computational Fluid Dynamics) simulations to optimize oil pump shapes
- including inlet/outlet port. As a result, the energy consumption of oil pump has been reduced to nearly 27% and the

engine fuel consumption to 1~1.5%.
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Fig. 4 Calculation results at feasibility step (oil temperature:
120°C)
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Fig. 6 N-Q plot of the oil pump
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Table 1 Calculation results - pressure(Main gallery) and
volume flow rate

MODEL M/G 9}=(bar) 24 52 (L/min)
Case 1 1.24 7.887
Case 2 1.22 7.905
Case 3 1.21 7.907
Case 4 1.41 7.833
Case 5 1.10 7.950
Case 6 1.16 7.926
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Fig. 8 Shape changes of the oil pump’s port
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Table 2 Variation of volumetric efficiency and torque of the
pump(pump outlet pressure :2bar, bold:experiment)

s 8 E A[N-m}/
RPM |MODEL| AAZEE[%] ;z Eﬂ[g_m]]
Var.1 85.7/88.1 0.44/0.78
2000 [ o 86.6(0.9 1)/ 0.44(--)/0.73
' 92.1(4.0 1) 6.1% {)
Var.l 88.6/83.7 0.72/1.20
4000 | 91.93.3 1 0.69(4.2% |/
‘ 91.8 (8.1 1) 1.17 (1.9% | )
Var.1 68.2/60.2 0.74/1.57
6000 [ o 64.2(4.0 | )/ 0.72 (2.7% | )/
| 73.3(13.1 1) 1.54 (1.9% |)
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Table 3 Pressure of main gallery and flow rate versus pump

size
MODEL(mm) M/G %} =(bar) 2 - %H(L/min)
20.5 2.2 9.27
16.5 1.6 7.56
15.5 1.48 7.12
14.5 1.36 6.67
13.5 < 1.24 6.22
12.5 1.11 3.77

Table 4 Variation of volumetric efficiency and torque of the
pump(pump outlet pressure :2bar, bold:experiment)

RPM | AboK(mm) | 212 & & [%] ;zii[gﬂ]f
20.5 86.6/92.8 0.44/0.85
2000 65 87.7(1 1) 0.34(23.0% | )
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' /185.6(15.2 1) 1.25(22.4% |)
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APPENDIX

1) A28 3§ A, Fo)ZoA e FHAE= T
3} 7+o] Darcy-Weisbach equation S wh-ZT}.
A =fL/D pV’/2
f=64/Re if Re < 2000
1=0.25/log(k/3.7D+5.74/Re"*) ]’ if Re > 4000
o714, LD Z}7f sfol Z Aol AP S Ve
48, f& akzk Aol th
Reynolds <=7} 20003} 4000 A}e) Q) A §+ F+ 73
$Z Reynolds -5 AM&-31o] WA 8T
2) 5 A EA4e v 22 4 & BEH
A =Kp0’/24°
A7)\, QAT 242} & 3 T} ol
e K= <4 Algolth
3) W HE T8l FHS Ue A& IET
Qui=0p+0r
Op=(R’rc’Ps/n)Qp’
Or=2R’rcafb/d-0.223(b/d)’1’
Where Qp*=(1+1.5£)/(3(b-bn)/d)) for 360° groove
bearing, Op =((I+1.5&)w+6e+ 1.33)/(6(b-bn)/d))
for 180° groove bearing, Qp*=7/(6qsin(b/z)) for one
bore bearing, QOp*=m/(3qsin(b/z)) for two bore
bearing, (Fr/bd)rc’/ na=(b/dy*0.5* g(1-£€Y*[(I-£)
+16£1"*ai(e1(az+ &)
o] 7)1 4], d+= bearing A7, b+ K o], rci= radial
clearance, ps= ¥ 5 Y, z= bore 2| 4, o 3 A,
e+= eccentricity, Fn-2- wj|o & o) 2+8-3}3= 521§l o]l:}
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