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Effects of Working Fuel Temperature on Injection Characteristics
of Bypass Type Piezo Injector
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Abstract

Diesel vehicles suffer from poor starting and running problems at cold temperatures. Diesel vehicles have the characteristic
that CO and PM are reduced or similarly discharged when going from low temperature to high temperature. In this study,
a bypass type piezo injector for electronic control based common rail injection system was used. Numerical analysis using
injector drive analysis model was performed to analyze injector drive and internal fuel flow characteristics according to fuel
temperature change. The results show that the rate of density change due to the fuel temperature is proportional, and that
the effect of the kinematic viscosity is relatively large between -20°C and 0°C. Comparing the results of temperature condi-
tion at 0°C and 20°C, it is considered that the viscosity is more correlated with the needle displacement than the pressure

chamber of the delivery chamber.
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Fig. 1 Driving current wave of piezo injector

Table 1 Specific of Bypass type piezo injector

Max. system pressure

(bar) 1,800/2,000
Max. number of injections 8
Min. injection separation 200

time (us)

Euro 5, Euro 6, T2BS5,

Emission target US10, JPNLT

Fuel inlet —Fuel inlet

Pilot Pilot
valve valve

Bypass Control - Bypass- Control
Chamber Chamber
= -

(a) Nozzle opening (b) Nozzle closing

Fig. 2 Nozzle opening/closing stage of piezo injector
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Fuel inlet

Fig. 3 Flow chart showing hydraulic circuit system of
piezo injector
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Fig. 4 AMESim model corresponding to piezo injector's
internal structure
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Table 2 Essential elements list of piezo injector mode in
AMESim environment

Piecewise linear signal source

Variable voltage source

Linear pzt stack actuator

Piston with spring

Flapper nozzle valve

Mass with friction and ideal end stops

Piston

Ball poppet with conical seat

Hydraulic volume with pressure dynamics

[H{l Fixed hydraulic orifice with zero volume source

@— Piecewise linear hydraulic pressure source

Egﬁ"ﬂlﬂ Leakage sand viscous friction

D) Q’| Poppet with conical seat

(=} | Hydraulic flow rate sensor with offset and gain

+ | Integrator
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Fig. 5 Verification of new analytic model with experi-
mental result
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Fig. 6 Verification of new analytic model at control chamber
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Fig. 7 Verification of new analytic model at delivery cham-
ber

Table 3 Numerical conditions

Fuel temperature (°C) -20 0 20 40

Fuel pressure (bar) 1,000

Injection Duration (ps) 800
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