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Flow Control for High Pressure Gas by using a Solenoid Valve

Han-sub Sim*, Chi-woo Lee’, Nam-kyung Kim', Kook-chan Ahn®, Chai-kwan Namkoong™

I Abstract jl

Dynamic flow characteristics of a solenoid valve are affected by pressure difference in inlet and outlet of orifice, gas
temperature, and supply voltage of a coil. In this paper, the dynamic flow characteristics for deviations of various conditions
are studied Static and dynamic flow for variation on-time of a solenoid valve open signal are measured in basic bench
test. The solenoid valve is applied to a compressed natural gas(CNG) engine test for validation of flow control performance.
The experimental results show that flow of high pressure gas can controlled precisely by using a solenoid valve.
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Fig. 1 Gas flow through a valve
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Fig. 2 Driving signal and needle lift of a solenoid valve
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Fig. 3 Characteristics of dynamic flow of a solenoid valve

- 158 -



4. Al A 2t

4.1 £3|0|= WHO| Q2UEN AIY

AR QeiH FEEH= %"—1]5:0]5 WHo| 2L Fig.
49} Zou, Table. 190 SHELS AFsl7] 9iE &4
ot WHo EAT AYRAE BT

Outlet [Inlet

R,

Fig. 4 Structure of a solenoid valve (SPI014)

Table 1 Bench test conditions of a solenoid valve
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Fig. 5 Characteristics of static mass flow (CHy)
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Solenoid valve Servojet SP1014S1
Voltage DCI2V

Coil resistance 2.08

Driving Frequency 50Hz

Driver type Peak & Hold
Temperature 20C

Gas Methane(CH,4)
Gas inlet pressure 0.690MPa

Gas outlet pressure Ambient pressure
Flow measurement Gas flow meter
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Fig. 6 Characteristics of dynamic mass flow (CHy)
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Fig. 7 Dynamic flow characteristics and voltage variations of
a solenoid valve (CH,)
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Table 2. Basic specifications of a CNG-engine

Type In-line, 6-cylinder
Displacement [cc] 12,000

Compression ratio | 9.5 : 1

Solenoid valve SPI014, 12V,
Driver type Peak & hold, PWM
Gas inlet pressure | 0.690MPa

Throttle w60, PWM control

Intake system Natural aspired system
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Fig. 9 Methane flow rate in a CNG-engine (A=1.0)
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Fig. 8 A schematic diagram of experimental setups for gas flow control of a CNG-engine

- 160 -



(74
o

254
2
S 20
2 154
=
10 T
100
_ 754
o
& 501
g
g 25
0 T T T T T
0 10 20 30 40 50
Time [sec]

Fig. 10 Transient conditions (TPS, MAP) at a constant engine
speed (1500rpm)
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Fig. 11 Relative air-fuel ratio at a constant engine speed
(1500rpm)
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