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Abstract : In general, pulsation damper is installed in fuel rail for conventional MPI engine to decrease undesirable
noise in vehicle cabin room. However, pulsation damper is so expensive that there are prevailing studies to reduce fuel
pressure pulsations with integrated damping effect. This paper is one of basic studies for development of fuel rail to
abate pulsations with self-damping effect. Primarily, the pressure pulsation characteristics was investigated with aspect
ratio of cross section, wall thickness, and materials of fuel rail. A high aspect ratio or thin wall was found to absorb the
pressure pulsations effectively. But volume effects on the fuel pressure pulsation reductions were not especially
significant than cross section effects because volume increment rate is larger than pressure pulsation reduction rate. The
fuel rail made of aluminum is effective for reduction of pressure pulsation than that of low-carbon steel. Pressure
change period increases on the basis of same lengths of supply line and fuel rail as the volume is enlarged and/or the
thickness of wall is thinned.
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Nomenclature Subseripts
o :pressure propagation speed, m/s f i fluid
K :bulk modulus, Pa w wall
P :fluid pressure, Pa ref :reference
w  :fluid flow velocity, m/s
p  :density, kg/m’ 1. M2
V  :volume, m’
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Fig. 1 Typical fuel rail with damper
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Table 1 Basic geometry specifications of fuel rail system

Supply line
length(mm) 2,000 FR length(mm) 310
Subply line .

5 Injector hole no.(ea) 4

diameter(mm)

Supply line 0.7 | Injector hole diameter(mm) | 0.2

thickness(mm)

Table 2 Geometry characteristics according to each case

Model | Volume W x H Aspect |Thickness | Material

name | (cm’) | (mmxmm) | ratio (mm)

Case | | 100.44 18 x 18 1:1 0.7 Al
Case 2 ” 27x12  (225:1| 07 ”
Case 3 ” 12x27  [1:225| 0.7 7
Case 4-1 0.5 Al
Case 4-2 0.7 7
Cased4-3] 7 28.42x114 |249:1 0.9 ”
Case 4-4 1.0 "
Case 4-5 07 | LCS
Case 5 " 11.4x28.42 |1:249 0.7 Al
Case 6 " 324x10 {324:1| 07 7
Case 7 " 10x324 [1:324| 0.7 "
Case8 | 69.75 | 225x10 [2.25:1 0.7 ”
Case9 | 51.58 | 19.35x8.6 |2.25:1 0.7 "

Fig. 2 Basic configuration of analysis model
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Fig. 3 CFD mesh for fuel rail CFD analysis

3. 7E4_T_l_l. al X

o~

31 REER A%

Table 3-& FEM 3] 48 Z35}le] AALE 2} Casedd
Axnddel K, ghelth 4 5U3 )4 H
o] A7 t}Z Case 2, Case 8§ & Case 92 A A&
o] FNALFE K H4Ads & 5 It =3 =
A A Hol| A= T 7t E55 F FA7) oF
STE 283 YL Rvhs dFEe] 2490t
K7} 7::‘5:@’% o Aok B AFZbEH o A 21 A

= A5-lE K, gkel

Table 3 Computational Results of wall bulk modulus
Case 1 2 3 4-1 | 42 ) 43 | 44
Kw(GPa) | 4.07 | 0.21 | 0.2 {0.0217] 0.16 { 0.67 | 1.2
Case 4-5 5 6 7 8 9
Kw(GPa) | 1.22 | 0.15 [0.078 | 0.076 | 0.59 | 1.39
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Fig. 4 Result of oil hammer simulation for case 2
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Table 4 P/P and PC period of each case
Case 1 2 4 6 8 9

#1 P/P(kPa) | 102.9| 583 | 52.6 | 37.8 | 90.2 [ 105.0
PC(ms) | 24.7 1 456 | 513 | 69.4 | 283 | 22.1
" P/P(kPa) | 144.1 | 139.1 | 126.4}121.91163.9 | 191.9
PC(ms) | 18.2 | 183 | 20.7 | 21.2 | 14.7 | 128
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Fig. 5 Fuel rail volume effect on P/P
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Fig. 6 Fuel rail volume effect on PC period
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