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A Characteristic of Thermal Efficiency in Order to High Expansion Realization
with a Retard of Intake Valve Closing Time in the Low Speed Diesel Engine

Tae-Ik Jang®

Abstract ! In this research, the diesel cycle was thermodynamically interpreted to
evaluate the possibility of high efficiency by converting diesel engines to the high
expansion diesel cycle, and general cycle features were analyzed after comparing these
two cycles. Based on these analyses, an experimental single cylinder, a long stroke with
high expansion-diesel engine, of which S/B ratio was more than 3, was manufactured.
After evaluating the base engine through basic experiments, a diesel engine was
converted into the high expansion diesel engine by establish VCR device and VVT
system. Accordingly, the high expansion diesel cycle can be implemented when the
guantity of intake air is compensated by supercharge and the effective compression
ratio is maintained at its initial level through the reduction of the clearance volume. In
this case, heat efficiency increased by 5.0% at the same expansion-compression ratio
when the apparent compression ratio was 20 and the fuel cut off ratio was 2. As
explained above, when the atkinson cycle was used for diesel cycle, heat efficiency was
improved. In order to realize high expansion through retarding the intake value closing
time, the engine needs to be equipped with variable valve timing equipment, variable
compression ratio equipment and supercharged pressure equipment. Then a high
expansion diesel cycle engine is realized.

Key words : Variable Compression Ratio(7F#4%4]), Diesel Cycle Engine(tl@AlelE 713,
Compression Ratio(4%4]), Expansion Ratio(®74]), High Expansion Diesel
Cycle(Z¥ % tarteld), Expansion-Compression Ratio(®3-¢%4]), Variable
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NOMENCLATURE

* cut off ratio

. compression ratio
© expansion ratio

. specific heat ratio

" rate of the effective expansion ratio

versus effective compression ratio

! expansion-compression ratio

p-p - theoretical effective pressure of

the high expansion diesel cycle

Twp-m - theoretical thermal efficiency of
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the high expansion diesel cycle
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Fig. 1 The P-V diagram of high expansion Diesel
cycle.
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Fig. 2 Comparison of thermal efficiency versus
compression ratio
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Fig. 3 Thermal efficiency and effective compression
ratio .vs. cut off ratio
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Fig. 4 The experimental slow speed diesel engine
with a single cylinder.
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Table 1 Specification of test single engine

Item Specifications
Cylinder Number Single cylinder(1)
Displacement Volume 2390(cc)
Bore x Stroke 97.1(mm) x 323(mm)
S/B Ratio 3.326
CAM Type DOHC(1)
Compression Ratio 15~40(Variable)
Injection Type DI(VP37)
Low Idle Speed 100(rpm)
High Idle Speed 700(rpm)

(§; Oscilloscope

;@ A/D Converter

@ Computer

@ Printer

& Amp

@ Solenoid Valve

(@ Hydraulic cylinder
@® Pressure Transducer
@& Encoder

@ Laminar flow meter
@ Surge Tank

@ U-Tube manometer
# Dynamometer

% Test engine

@ Starting motor 8|

4 Cooling water
Regulator

@ Fuel meter

3 Fuel Tank

@ Air compressor

£ Hydraulic pump

8} Accumolator

Fig. 5 Schematic diagram of experimental setup with
single diesel engine
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Fig. 6 The decrease rate of clearance volume and
effective compression ratio at the LIVT.
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Fig. 7 In-cylinder pressure at the LIVC condition
motoring.
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Fig. 8 In-cylinder pressure by using variable
compression system at the LIVT condition under
motoring.
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Fig. 9 In-cylinder pressure with late intake valve
timing.
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Fig. 10 Maximum cylinder pressure and volumetric
efficiency with to the expansion compression ratio.
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