LA

_EVINRUDE

A AR . “, o “.':’-". s o o - B o
_ < W R . L — - ” e . — V. ; . Aoy . . 3 . .
LR LN ;-&‘:’ ' . T Ve S "‘m'ia“ B t" P : P R = "
S Y. < N B A ; € oy =~ . & :
=y 1 N T y o pary ‘
. : ’ ., ¢ <D s " B ; ’ R
- L g - '

Two-Stroke Reed FSI Modeling and Validation
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Background

Work is Based on 2-stroke DI V6 outboard engine
Crankcase scavenged with intake reed valves

Reed motion responds pressure fluctuations which
come from many sources in the system

Gas flow path is very interactive
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Motivation

m Accurate in-cylinder gas exchange and trapping predictions

m Current crankcase modeling technigues are dependent on
experimental data

m Opt 1: Pressure boundary condition to model filling of crankcase
m Opt 2: Reset crankcase pressure at assumed reed closure and
drive flow via piston motion

m Predictive air induction model in Converge that is
interactive with entire system
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Approach

Model the crankcase filling process
Implement a reed motion UDF into Converge

Run model at 3 WOT operating conditions (5500, 3000 and 2000 rpm) -
based on reed motion regime

Obtain experimental validation data from fired engine

Compare results
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Model Geometry

Model Extent

Intake Plenum -
Simplification

Reed Assembly
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Pressure Boundary Conditions

Converge UGM 2105

Outlet Press BC (psia)

Inlet Press BC (psia)

OL‘J’tIEt BC Press 2000 rpm WgT
) k)

30 T T T T T T T
5500 rpm ——
3000 rpm ———
2000 rpm ——
10 1 1 1 1 1 1 1 1 1 1
0 30 60 90 120 150 180 210 240 270 300 330 360
Crank Angle (deg)
° Inlet BC Press WOT
) 2 2 3
15.5

14

13.5

4

Amplitude significant
relative to reed dp

T T
5500 rpm ——
3000 rpm ———
2000 rpm ——

60

90

120 150 180 210

Crank Angle (deg)

240

270

300 330 360




Model Setup

Moving Components
With seals
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Model Setup

Reed Stop

Petal tapers at root
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Model Setup

Regions upstream of each reed
Close off based on min lift

X

0.12 mm gap reed to block
To minimize cell paring
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Total Cells 5500 rpm WOT
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Mesh
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Model Resources

Timestep

® Runtime N —_—,— .
® Runtime =4 days/cycle W\ o
= Min number of cycles = 3 |
= 12 days total run time !
m Computer Resourses
m 32 cores (2 nodes x 16 cores)
m 3.3 GHz Xeon E5-2667v2 108 % 120 180 200 200 0

CA [deg]

m 128 Gb memory per node
®m 1 GDbE interconnect
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Reed Deflection Model

® Reed Motion is controlled by UDF
®m Model is based on original work by G.P. Blair as adapted by Y. Zeng

m Reed is modeled as free vibration of cantilevered beam
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Zeng, Y., Strauss, S., et al, Predicting and Optimizing Two-Stroke Engine Performance Using Multidimensional CFD, SAE 2004-32-0039
Fleck, R., Blair, G. P., and Houston R. A. R., An Improved Model for Predicting Reed Valve Behavior in Two-Stoke Cycle Engine, SAE 871654
Hinds, E. T., and Blair, G. P., Unsteady Gas Flow through Reed Valve Induction Systems, SAE 780766
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Reed Deflection Model

sinh Al —sin A1
coshAl +cosAl

y =C0ShAX—COSAX— (sinh A.x—sin A4.X)

Y=Y 40020

Damping factor — tunable variable

2
d Ly .%+cofzi:Fi

dt? ' dt

1.875 4.694 7.855 10.996 14.137
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Validation Data

Optical Measurement
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Strain Gauged Reed Petals — Reed Lift Validation
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Experimental Setup — High Speed Reed Video

>

Measured Reed Petal &
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Reed Video — 5500 rpm

Photron FASTCAM Mini UX100 type 800K-M- ... 16000 fps
1716000 sec 1280312 Start

+16.1875 ms Date : 2015/9/16

1 opening and close event per cycle
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Reed Video — 3000 rpm

Photron FASTCAM Mini UX100 type 800K-M- ... 16000 fps
1/16000 sec 1280x 312 Start
frame : 385 +24.0625 ms Date : 2015/9/16
Time : 15:27
T

2 opening per cycle — partial close between

Converge UGM 2105




Reed Video — 2000 rpm

Photron FASTCAM Mini UX100 type 800K-M- ... 16000 fps
1716000 sec 280%x 312 Start
frame 33.4 5 Date : 2015/9/16

3 open and close events per cycle
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Reed Tip Motion Tracking — 5500 rpm
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Reed Tip Motion Tracking — 5500 rpm

Reed Lift 5500 rpm WOT
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Reed Video from Intake Side

Photron FASTCAM Mini UX100 type S800K-)

Strain gauges on top reed petals
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Crankcase Validation Pressure

Crankcase Validation Pressure
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Reed Lift Validation — 5500 rpm

Reed Lift 5500 rpm WOT
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Crankcase Pressure Validation — 5500 rpm

Crankcase Pressure 5500 rpm WOT

8 [o] 9] 9
24 I 7 =

L

[1]]
T TT T T
cc press pntl cvg - cyc3

cc press data

Crankcase Pressure (psia)

ol
0 30 60 90 120 150 180 210 240 270 300 330 360

Crank Angle [deg]

Converge UGM 2105




Reed DP and Lift — 5500 rpm

Reed Lift and DP 5500 rpm WOT
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Reed Lift Validation — 3000 rpm

Reed Lift 3000 rpm WOT
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Crankcase Pressure Validation — 3000 rpm

Over Predicting

\ Crankcase Pressure 3000 rpm WOT
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Reed DP and Lift — 3000 rpm

Reed Lift (cm)
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Reed Lift Damped and Undamped — 3000 rpm

Reed Lift (cm)
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Reed Lift Validation - 2000 rpm

Reed Lift 2000 rpm WOT
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Crankcase Pressure Validation — 2000 rpm

Over Predicting Crankcase Pressure 2000 rpm WOT
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Reed DP and Lift — 2000 rpm

Reed Lift and DP 2000 rpm WOT
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Plenum — Crankcase Press 2000 rpm

Reed Lift and DP 2000 rpm WOT
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ATM vs Plenum BC — 2000 rpm
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Intake Tracer — 5500 r

Reeds 5500wot_g20

WOT 5500 rpm, BC14.1
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L

Crank Angle = 0 (cycle 3)
Oct 1, 2015

Converge UGM 2105

0Mm

reed_tracerN

1.00
0.98
0.96
0.94
0.92
0.90




Pressure — 5500 rpm

Reeds 5500wot_g20
WOT 5500 rpm, BC14.1
- //' E \

pressN_{psi}
z 16.0
L 15.0
y e 14.0
Crank Angle = 0 (cycle 3) 13.0
Oct 1, 2015 12.0
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Velocity - 5500 rpm

Reeds _ﬁ,5500w,c;t_920:,

A
\

WOT 5500 rpm: BC14.1 1,

LY
Crank Angle
Oct 1, 2015

Converge UGM 2105

- Z

velocity

100
80
60
40
20




Pathlines — 5500 rpm
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Intake Tracer - 2000 rpm

Reeds 2000wot_g20 r32

WOT 2000 rpm, BC16.1

L

Crank Angle = 0 (cycle 3)
Sept 29, 2015

Converge UGM 2105

reed_tracerN

1.00
0.98
0.96
0.94
0.92
0.90




Pressure - 2000 rpm

Reeds 2000wot_g20 r32

WOT 2000 rpm, BC16.1

Z

Crank Angle = 0 (cycle 3)
Oct 2, 2015
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Velocity - 2000 rpm

Reeds 2000w0t 920 r32

WOT 2000 rpm BC16 1
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Pathlines — 2000 rpm
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Future Work

Improve correlation at 3000 rpm

Reed UDF tuning — damping factor, correction for neck down, reed stop
Correlate to no plenum, no reed stop and motored data sets

1-D coupling to plenum, exhaust

Reed design optimization
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