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Unsteady Gas Flow Analysis Using the Method of
Characteristics in Single Cylinder Diesel Engines
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Abstract : As environmental pollution reduction devices were installed in diesel engines, a gas flow analysis
of intake and exhaust systems is required. A gas flow analysis in 3D format needs a high-resolution
workstation and enormous time for analysis. Therefore, the method of characteristics was used for a gas
flow analysis with a fast calculation time and a low-resolution workstation. An experiment was conducted
on single cylinder diesel engine to measure cylinder pressure and exhaust pipe pressure. In order to validate
a gas flow analysis using the method of characteristics, the results analyzed under the same conditions as
the experiment were compared. As the results of the analysis using the method of characteristics, the
cylinder pressure showed accuracy; however, the exhaust pipe pressure was inaccurate. In the future, the
shortcomings of the analysis using the method of characteristics will be supplemented by using the 1D-3D
coupling method.
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Fig. 1 Block diagram of experimental system

Engine

i
g

(fly wheel)oll A AAste S HA A AA
7] AHE 7 AF AP SHRAEFAE 2
A3t SHFTHAZEE 1000 mm Eo{Z 9
ol W7 31.75 mm, Zt= 45°9] Q|9 AE X
stlom, eejuzel X Apolol AF 200 liter
9] MA WA(surge tank)E AAFATE M7 TS
27 0.04 m, 4°] 1.0 mo] A#o =2 wir|d £
< N 3l (open-end)lth. ZE|E] 1ZT(rotary
encoder, omron, E6C2-CWZ3E)E ©]&3}o] 0.5
CA° ZHA S & HolHE F+3 35t

4y A2 A3t SE7|(charge amplifier), %A
}% SZ7](piezoresistive amplifier) ¥ ZE{g] <l
gz A" HolH 3(DAQ, data acquisition)
2HE o] &3t AdY o4y 4L T 4
Aol A AT SH Al A (kistler,
6051A)E ©]83te] HHUL F|=(head) ot FE
ol FHAHRIL, AHAY FAHLS FAFAAA
(kistler, 4075A10)F o]&3te] A™T o] H(liner)
SHoA g5ttt w7l #e] dE2 FA
Al A (kistler, 4045A5)5 ©|-8&3te] A@Y F=olA
0.15 m "o ffA|e A ZA A

Table 1> A3 Ax|9] Aot AU A
4 =A AME A 10 barZkA] SAHE 5 3o
Bg2 3928 97} BDC 7] 0.022 m ©]3+<]

o4

o

K

A

= o
T 2He

oy
o

rel
bl
r:E

o

Table 1 Specifications for single cylinder engine

Parameter Value
Engine speed [rpm] 900
Cylinder bore x stroke [m] 0.10 x 0.11
Compression ratio 17.6
Intake air method A:;?;?lon
Volume of intake air port [cm?] 94.25
Intake air valve opening [CA°] 342
Intake air valve closing [CA°] 580
Length of exhaust pipe [m] 1.0
Diameter of exhaust pipe [m] 0.04
Volume of exhaust port [cm?] 32.96
Exhaust valve opening [CA°] 130
Exhaust valve closing [CA°] 378
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Fig. 3 Flow chart for gas flow analysis of single cylinder engine
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Table 2 Comparison of cylinder pressure results
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