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Abstract

The air-assisted direct injection (AADI) technology can effectively improve the fuel economy and
emissions performance of aviation heavy oil engines. Currently, research on AADI technology
mainly focuses on spray characteristics, while studies on electronic fuel injection drive systems are
rare. Therefore, an AADI fuel injection drive system was developed and validated through flow char-
acteristics and spray characteristics experiments. The hardware design of the AADI injection drive
system includes the drive circuit design, a BUCK-BOOST boost circuit, and controller selection.
Among these, the drive circuit design is the key focus of the hardware design. The drive circuits for
both the fuel injector (fuel nozzle) and the direct injection solenoid valve (direct injection nozzle)
were designed separately. The current drive for the direct injection solenoid valve can accelerate
the valve’s response time, ensuring timely and stable fuel delivery. This paper briefly introduces
the working process of the direct injection solenoid valve current drive, which effectively controls
the AADI injection drive system through peak current and holding current. Experiments on the in-
jector drive show that the boost circuit is stable, the AADI injection drive system controls the cur-
rent accurately, and the drive circuit performs excellently. The software design is divided into drive
program development and AADI injection parameter control software development. The drive pro-
gram primarily uses the microcontroller’s PIT and interrupt modules, combined with the operating
principles of the AADI technology, to precisely control the injection timing. The parameter control
software is developed on the LabVIEW platform, and real-time communication with the controller
is achieved via serial communication. Experiments indicate that the relationship between injection
pulse width and injected fuel volume is linear. Spray experiments show that the spray penetration
distance varies in accordance with general principles under different fuel pressures.
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Figure 1. Overall design of the air-injection direct injection drive system
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Figure 2. Structural diagram of air-entrained direct injection system
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Figure 3. Voltage drive current change curve
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Table 1. Required values of each solenoid valve control parameter
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Figure 4. Direct injection nozzle drive circuit design principle
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Figure 5. Schematic diagram of direct injection nozzle working current
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Figure 6. Direct injection solenoid valve drive circuit
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