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Abstract

Responding to the engine speed, load, opening of the throttle valve, etc., two—stroke reed valve
engines have the advantage of controlling the intake of fresh charge into the crankcase. However, the
reed valve is installed in the intake passage and yields suction resistances. Studies of the effects of a
reed petal on the engine performance have been carried out for reducing the suction resistances. To
clarify the influences of the configuration of the reed blocks on the charging characteristics, this pap-
er described the results of firing tests using 5 different reed blocks with similar reed petals. In addi-
tion, 4 different reed valves were experimentally installed in models in the steady flow for obtaining
fundamental data. The experimental results indicated that each type of reed valve had its own peculiar
charging characteristics according to the configuration and the installation conditions.

1. INTRODUCTION

The reed valve intake control method has generalized as the new charge intake system of a crank-
case—compressed two—stroke engine. This method has its features of control in response to the en-
gine speed, load, opening of the throttle valve, and so on. The reed valve, however, is installed in the
intake passage and yields the suction resistances. Various reed valves in different configuration are
used in order to reduce the suction resistance. The effects of reed valve configuration on the engine
performance have been studied experimentally by several researchers'?. These studies dealt with the
effects of reed petals, especially reed thickness, reed number, and reed configuration, on the engine
performance. We previously studied the effects of the reed behavior on the charging characteristics
of a reed valve type two—stroke engine?.

The present investigation clarified the influences of the configuration of the reed blocks on the
charging characteristics using 5 different reed blocks with similar reed petals. The results indicated
that each type of reed valve had its own peculiar charging characteristics according to the configura-

tion and the installation conditions.

2. EXPERIMENTAL APPARATUS AND METHODS
The test engine is an air—cooled two—stroke engine with crankcase—compression and Schniirle
loop scavenging system. Its major specifications are shown in Table 1. The schematic arrangement of
experimental apparatus, the port area of piston, reed specifications, reed block specifications, and
reed block configurations are shown in Fig. 1, Fig. 2, Table 2, Table 3, and Fig. 3 respectively. Ex-
periments were performed using 5 different reed blocks (Table 3) with similar reed petals (Table 2).
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Table 1 Test engine specifications

Engine Type 1 Cylinder,Air Cooled,
Gasoline Engine L
Air Intake System Reed Valve Table 2 Reed specifications
Cylinder Bore x Stroke 68 x 59 mm ]
Stroke Volume 214.3 cm? Material SUS 631
Max.Power/Engine Speed 7.3 kW/3500 rpm Y°““€'5 Modulus 193 }GPa 3
Scavenging Type Schniirle Density 7.93x10%kg/m
Compression Ratio 5.8 Effective Length | 32.0 mm
Crankcase Comp. Ratio 1.41 Width 22.0 mm
Scavenging Port Timing 55deg. BBDC,ABDC Thickness 0.20 mm
Exhaust Port Timing 81deg. BBDC,ABDC
1200
tl‘hermometeﬂ Manameter Inlet Scavenging
Test Engine ~ 1000 >\/ Port # Port -
e N /
800 /
g \ //\ N\ ,l
L 600 \\J \\//\ \\,l
Surge Tank L 400F Bng‘éf{t
Laminar o /
Flowmeter 200 \
0 l/ \l
Dynamometer TDC 0 BDC 27 TDC
Crank Angle deg.
Fig. 1 Schematic arrangement of experimental apparatus Fig. 2 Port area of piston

Table 3 Reed block specifications
V304|V302|F902|D602 |D302

Material AC | PMMA [PMMA [PMMA |PMMA
Type \Y V |Flat |[Delta|Delta
Number of Reeds | 4 2 2 2 2

Reed Block Angle| 30° | 30° | 90° | 60° 30°

Port Area (cm?) [17.6| 8.8 | 8.8 | 8.8 8.8

A four—reed valve V304 was originally installed in a test engine. In case of installation of each reed
valve, the increase of the crankcase volume was controlled by stuffing the reed valve chamber, and the
compression ratio was kept the same value in V304. In the intake system, a surge tank was posi-
tioned just upstream of a carburetor, and a laminar flowmeter installed on the surge tank was used to
measure the intake air amount. It could be considered that there was no effect on the measuring error
of the intake air and the engine performance because the surge tank pressure was under 200Pa and
the Hodgson number? Ho was above 1.5 throughout the test. The test engine drove an air—cooled eddy
current dynamometer and the test fuel was commercial regular gasoline. The experiments were con-
ducted at the wide open throttle and the engine speeds were regulated by controlling the dynamo-

meter.



Effects of Reed Valve Configuration on the Charging Characteristics of a Crankcase—compressed Two-stroke Engine 15

Inlet Shape ; O O
D Q ==> ::’
o~

I 125
1 @) o
a F902

0|
g
w
I
o~
~
-

V302 21

Fig. 3 Reed block configurations

3. RESULTS AND DISCUSSION
3.1 Effects of the reed block configuration on the characteristics of the delivery ratio
The delivery ratio for 3 types of reed valves with different reed block configuration geometrical-
ly is shown in Fig. 4. Every reed valve is two—reed type, however, the reed blocks are V, Delta, and
Flat type in configuration. In addition, the valve ports are identical in shape and the port area is
equal. The variations in delivery ratio show the similar trends among 3 different reed valves, howev-
er, the delivery ratio for V302 reed valve is higher than that for D302 and F902 over the wide engine
speeds. The delivery ratio for D302 reed valve is approximately consistent with that for F902 at the
low engine speeds below 2000 rpm and the high engine speeds above 3700 rpm, and at the middle en-
gine speed around 3000 rpm, the speed at which maximum delivery ratio is measured, the delivery
ratio for D302 is higher than that for F902. Watanabe et al.Y showed that the delivery ratio and the
flow coefficient for the long sideways intake port were higher than those for the lengthwise intake
port. Then considering the entrance configuration of the reed blocks V302 and D302, it seems that
the delivery ratio for D302 is higher than that for V302 because of the equal area and the long side-
ways entrance configuration of the D302. As shown in Fig.4, however, the delivery ratio for V302 is
higher than that for D302. Therefore, it is considered that there is no effect of entrance configuration
of the reed blocks on the delivery ratio. The difference in the delivery ratio for V302, D302 and



16 K. HAMASAKI and Y. TANAKA

L

Delivery Ratio

0.6 1 1 1 1
1 2 3 x103 4
Engine Speed N rpm

Fig. 4 Comparison of delivery ratio for two—reed type valves V302, D302 and F902
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Fig. 5 Delivery ratio for Delta type reed valves

F902 is the difference of the resistance of suction flow.

Figure 5 shows the delivery ratio curves for D302 and D602 Delta type reed block. Although the
delivery ratio for D302 is slightly higher at approximately 2500 ~ 3000 rpm, the trends of two deliv-
ery ratio curves are found to be consistent over the complete engine speed range. The reed blocks
D302 and D602 are 30° and 60° respectively in reed block angle, i.e., in angle to the suction flow.
Nevertheless, it can be seen that for the Delta type reed valves the effects of the angle on the deliv-
ery ratio are negligible, since both delivery ratio curves show the consistent trends.

Figure 6 shows the correlation between the engine speed, N, and the brake mean effective press-
ure, Pme, of 3 types of reed valves with different block configurations. The variation in Pme is
observed the similar tendency to the variation in delivery ratio shown in Fig.4. Furthermore, the
values of Pme for D302 and D602 Delta type reed valves also showed the similar tendency to the

variation in delivery ratio shown in Fig.5. Thus, the output characteristics of a crankcase-compressed
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Fig. 6 Comparison of BMEP for two—reed type valves V302, D302 and F902

two—stroke engine are confirmed to be depended upon the delivery ratio, and it is considered that for
the Delta type reed valves there is little effect of the reed block angle on the output characteristics,
as well as the delivery ratio. Blair et al.’ showed that for the V type reed valves the effects of the
block angle on the delivery ratio were negligible.
3.2 Effects of the reed number on the characteristics of the delivery ratio

It was previously shown that in the two—reed type V302, D302, and F902 the delivery ratio for
V type reed valve V302 is higher than the others over the wide engine speeds. Then the delivery
ratios for V type reed valves V302 and V304 are shown in Fig.7. The reed valve V302 has two reed
petals, whereas V304 has four reed petals. At low engine speeds below 2000rpm, the delivery ratio
for standard reed valve V304 is higher than that for V302, on the other hand the delivery ratio for
V302 is higher at middle or high engine speeds. For this reason, it is considered to be as follows. The
requisite air flow for engine is subject to restriction due to the venturi diameter of the carburetor
and the sectional area of passage between the carburetor and the crankcase. In the case of a reed
valve type engine, the reed valve open area imposes restrictions on the air flow in the sectional area
of the passage. The reed lift is generally low at low engine speeds. Therefore, in a two—reed type
valve the open area is small and the air flow per cycle is a little. However, the reed lift becomes high
at middle or high engine speeds and the open area for a four—reed type valve is too large. Then, it
seems that the sufficient air flow is obtained by the open area for a two—reed type valve. Consequent-
ly, increasing the number of reeds and enlarging the port area, on the contrary the delivery ratio be-
comes lower in some cases. It is necessary to determine the number of reeds and the port area in re-
lation to the stroke volume.

3.3 Considerations in steady flow experiment

A steady flow experiment was performed to obtain the fundamental data of the charging charac-
teristics depended on the difference of reed valve configuration. The schematic arrangement of ex-
perimental apparatus is shown in Fig.8. The reed valve installed in a engine opens in case of negative
pressure, however, this experiment was carried out to vary the reed lift by varying the positive press-
ure in the surge tank B. The intake air flowed into the reed valve was measured by the flowmeter
which was installed in the surge tank A. Five different reed valves were used in the experiment, that
is, those were V304, V302, F901, D601, and D301. F901, D601, and D301 are one—reed
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Fig. 7 Delivery ratio for V type reed valves by the difference in number of reeds
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Fig. 8 Experimental apparatus for steady flow

type valves which are remodeled F902, D602, and D302 respectively. The reed block angle for one—
reed type valve is the same angle for two—reed type valve. The air discharge models of reed valves
were investigated two types as shown in Fig.9. One is the model of discharge from the all open area
(model A) and the other is that of discharge from the front open area alone (model B). The model A
shown in Fig.9 is hardly seen in the reed valve installed in a engine and the side open area of the reed
valve is restricted to some extent. The reed valve of the test engine is nearly the model B. V304 was
experimented on the model A alone.

Figure 10 shows the air flow measured by the flowmeter of the surge tank A for the difference
between the upstream pressure and the downstream pressure of the reed valve. In the case of model
A, the air flow for F901 is the largest in the one—reed type valves. Then the air flow is large in
order of D601 and D301, i.e., it shows that the air flow increases when the reed block angle is larger.
The larger the reed block angle, the stronger the force on the reed at the same different pressure.
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Fig. 9 Discharge models of reed valves
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Fig. 10 Relationship between differential pressure and air flow by discharge models

Accordingly, it seems to be high reed lift. Assuming that the air flow for two—reed type valve is twice
as much as that for one—reed type valve, it is clear that the air flow for F901 is larger than that for
two—reed type valve V302 and D601 is nearly equal to V302, although D301 is smaller than V302.
Therefore, in the case of the reed valve installed so as to discharge from the all open area, the Flat
type reed valve has the largest air flow, then the air flow is large in order of V 30°, Delta 60°, and
Delta 30°. Comparing V304 with V302, V304 is below twice the air flow for V302 at low differential
pressure. However, V304 is about twice the air flow for V302 when the differential pressure is above
6kPa. It is considered that the low differential pressure and the low reed lift cause the mutual in-
terference of the flow from the side open area, but the interference of the flow from the side open
area is hardly caused at high differential pressure and high reed lift. On the other hand, in the case of

model B, the air flow for one—reed type valves is not found a great difference at the same
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Fig. 11 Relationship between differential pressure and reed lift by discharge models

differential pressure. However, if examined in detail, the air flow for F901 is generally smaller than
the others. The air flow for V302 is twice more than that for one—reed type valves in the ex-
perimental range from 0 to 14kPa. In the relationship between the reed lift and the differential press-
ure shown in Fig.11, the reed lift is high as the reed block angle is larger in both cases of model A
and model B. In the case of model B, then, the difference in air flow can not be explained by the reed
lift. If the flow coefficient is defined in the case of the variable open area also, it seems that the dif-
ference in flow coefficient exerts considerable influence on the air flow. Comparing V302 with D301
whose reed block angle is 30° either, the high reed lift for V302 is presumably due to the lowness of
the entry loss coefficient® in both discharge models. Through the examination of an experiment on
steady flow in model B mentioned above, it is found that in the case of the test engine the air flow is
much discharge from the front open area and the discharge from the side open area is considerably
subject to restriction.
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Fig. 12 Rates of discharge from side open area
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On the assumption that the air flow discharged from the side open area is the difference of the
air flow between model A and model B, the proportion of air flow discharged from the side open area,
Qs, is shown versus the differential pressure in Fig.12. Qs increases with differential pressure when
the reed block angle is small such as V302, D301 and at the differential pressure above 8kPa, Qs is
approximately constant. At the same reed block angle, Qs for V type reed valve is larger than that for
Delta type reed valve. On the other hand, Qs decreases with differential pressure when the reed block
angle is large such as F901, D601 and at differential pressure above 8kPa, Qs is approximately con-
stant. It is indicated that Qs for F901 is approximately constant except at rather low differential
pressure, and is large compared with other type reed valves.

Consequently, when the reed valve is installed in a engine, a Flat type reed valve is suitable for
the case without restriction of discharge from the side open area and a V type reed valve or a Delta
type reed valve being small reed block angle is suitable for the case imposed restrictions on the side
open area.

4. CONCLUSIONS
Experiments were carried out in order to clarify the influences of the reed valve configuration on
the charging characteristics of a small two—stroke engine using five different reed valves. In addition,
through the examination of steady flow experiment with reed valve models, the following results were
obtained:

(1) A V type reed valve is suitable in cases the air flow is not discharged from the side open area
or the discharge from the side open area is subject to restriction. In such cases the air flow and the
delivery ratio of a Flat type reed valve are smaller than the other types of reed valves.

(2) A Flat type reed valve, which is large air flow and proportion of discharge from the side open
area, is suitable for the case of installation to discharge from the all open area.

(3) If the flow from the side open area of a reed valve is subject to restriction like a test engine,
with Delta type reed valves there is little effect of a reed block angle on the charging characteristics
and the output.
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