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Abstract

Recent developments of S. I. engine, aiming to higher power, better fuel economy, lower air
pollution and better driveability, have much focused on the importance of the role of computer
simulation in engine research and development. In this point of view, improving engine performan-
ce requires finding some means to improve volumetric efficiency. Up to now there have been
several attempts to optimize the intake and exhaust system of internal system of S. I. engine by
computer simulation. There appear to be few studies available, however, of such simulation &
experimental studies applied to the optimization of exhaust manifold configuration. In this study,
gas exchange & power process of 4 cylinder S. 1. Engine was studies numerically & experimental-
ly, and governing equation of a one-dimensional unsteady compressible flow and combustion
process were respectively solved by a characteristics method and 2-zone model. The aim of this
study is to predict and investigate the influence of pressure wave interaction at the exhaust
systems on engine performance with widely differing exhaust manifold configuration.
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Table 2 Specifications of measuring instruments

Eddy current absorption
Type dynamometer
Dynamometer Model 1014 D. G.
Pipe Length (m) Pipe Diameter (m)
. Max. abs.
Pipe No | Type | Type | Type Type 2 176 ps
1 2 1 (/%) power
1 0.195 | 0.201 | 0.031 | 0.032/0.03855 Type Digital capacity
2 0.125 { 0.301 | 0.031 | 0.032/0.03855 Digital fuel .
3 0.091 | 0.351 | 0.031 | 0.032/0.03855 consumption meter | _C2PACItY 200 ce
4 0.125 | 0.383 | 0.042 | 0.032/0.03855 Maker ONO SOKKI
5 1.440 | 0.330 | 0.045 0.0374 - :
6 . 0.355 . 0.0374 Air temp. : 0~99C
7 0.720 0.0450 Range —
. : Hygrometer Humidity : 0~99%
¥ A5 ol99 FEL A47t T,
RO Maker KANOMAX
Fig. 3 Schematic diagrams of experimental exhaust
system Range 0~9900 rpm
Digital tachometer
Maker ONO SOKKI
Table 1 Specifications of experimental engine YOKOGAWA
Digital thermometer Maker Electric Works
Engine type Water cooled 4-cycle ¢
4-cylinder engine Sensityvity —15.0 PC/bar
Bore Stroke mm 75.5x82.3 Pressure transducer Range 0~250 bar
Total displacement  cc 1468 (Piezo electric type) Type 610 A
Compression ratio 9.4 Maker KISTLER
Firing order 1-3-42 Type 5007
- Charge amplifier
Ignition timing BTDC 5°+1°/700 rpm Maker KISTLER
ntak Opens BTDC 185 Cranke angle Type PP-935
ntake
Valve Closes ABDC 515° detector Maker ONO SOKKI
timing Opens BBDC 51.5° Type CB-366
Exhaust Combustion analyzer
Closes ATDC 185° Maker ONO SOKKI
Intake valve duration  °CA 250° Type RQ-411
Graphic printer
Exhaust valve duration °CA 250° Maker ONO SOKKI




Table 3 Experimental constants

Fuel C7H13
(conventional Petrol)
Viscosity coefficient 20E—7 kg/m-s

Lower heating value

42,000 kJ/kg

Flame factor (3000 rpm)

5.5

Cylinder wall temp. 500 K

A/F ratio 15.52

Discharge coefficient 0.6

Pipe friction factor Haaland Eq.

Annand coefficients a=0.4 b=0.726

(3000 rpm) ¢=2.1E-12

Pipe wall temp. 300 K (Intake)
700 K (Exhaust)
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