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In-Cylinder Flow Measurement in Diesel Engine
by Laser Velocimeter
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Kiyoshi KUROKAWA™®,  Yoshihiro YOSHIMURA *

In order to measure in-cylinder flow of direct injection diesel engine accurately by laser doppler veloci-
meter (LDV) with frequency tracker, a new data acquisition technique was developed. In this method, only
available velocity data are obtained and all of them are related to crank angle. The results of the measure-
ments can be monitored by an online and real time system with a personal computer. Velocity measure-
ments in circumferential direction were made at the position apart from the inside of the cylinder head by
13mm near the center of the cylinder. Test engine has a cylinder bore of 102mm and a stoke of 106mm.
Mean velocity and velocity fluctuation were derived from statistical analysis of LDV data and the reliability
was investigated by calculating the confidence interval. The experimental results are as follows.

(1) Velocity distribution histogram within a crank angle interval of 5 degrees can be approximated to gauss-
ian distribution.

(2) Even if the number of sampling data varies with crank angle, mean velocity and velocity fluctuation can
be acquired accurately during intake and compression stroke by obtaining 10000 velocity data in many en-
gine cycles. Lack of data in a certain crank angle interval can be indicated in confidence interval distribu-
tion.

(3) Velocity fluctuation is about a half of the maximum mean velocity in intake stroke, but in compression
stroke it is low and varies little.

(4) Moving average over a crank angle interval of 5 degrees decreases the confidence interval of both mean

velocity and velocity fluctuation to 20 % of mean piston speed.
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Table 1 Specification of test engine
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Table 2 Specification of LDV
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START

8000 9C PUSHF
["SET saMpLE s1zE | 8001 OE PUSH Cs
1 . 8002 16 PUSH SS
{ SET DATA ADDRESS | 8003 06 PUSH ES
8004 1E PUSH DS
: i 8005 57 PUSH D1
|_SET PARALLEL 1/0 | 8006 52 PUSH DX
8007 56 PUSH S1
8008 BIES803 MOV CX,03E8
{_INPUT ANGLE DATA | 800B BF0081 MOV DI, 8100
800E BADAOO MOV DX, 00DA
8011 B800O0O MOV AX,0000
AVAILABLE DATA 8014 EF ouT DX, AX
8015 ED IN AX, DX
oS 8016 F7D0 NOT AX
8018 DIES SHR AX, 1
PUT ANGLE DATA 801A 73F9 JAE 8015
TO MEMORY 801C AB STOSW
1 801D BADOFO MOV DX,F0ODO
| sET A/D CONVERTER | 8020 B81100 MoV . AX,0011
| 8023 EE OouT DX, AL
START A/D 8024 ED IN AX, DX
CONVERSION 8025 DIES SHR AX, 1
8027 72FB JB 8024
8029 DIEO SAL AX, 1
CONVI;/RDSIO 802B AB STOSW
N 802C BADAOO MOV DX, 00DA
ELETE 802F B80000 MOV AX,0000
YES 8032 EF ouT DX, AX
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PUT VELOCITY DATA , 8036 EF ouT DX, AX
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1 803A EF ouT DX, AX
lSETPA”fLELI/° ] 803B E2DI1 LOOP 800E
PUT FINAL SIGNAL 803D SEA PoP Sl
o PARALLEL 170 BO3E 5A - POP DX
803F S5F POP - DI
8040 1F POP DS
SAMPLE 8041 07 POP ES
COMPLETED 8042 17 POP SS
8043 OF POP CS
YES 8044 9D POPF
8045 CF IRET
(2) Flow chart : (b) Assembly program

Fig. 5 Data acquisition procedure
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