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Abstract:- This study describes a discharge flow characteristic of a roller tube pump when an operating
condition of the pump is changed and a compression cycle of a tube becomes different. A roller tube pump is
one of a fluid transport system which can generate a fluid flow by compressing tube by a roller and a plunger.
Tube pumps have following advantages: The roller which moves fluid in the tube does not touch the fluid
directly. The number of components is small and downsizing of the pump may be achieved. A power
consumption is small. Therefore, the roller tube pump is used for chemical analysis processes and an infusion
system. In the recent years, a novel infusion pump is urgently needed to prepare for the future sudden disaster.
The novel pump should be available for use in the following situations: emergency medical situations which an
emergency treatment of a hypovolemic shock caused by a trauma is needed, disaster situations which there is
not enough space around victims which general infusion bags cannot be hung and a long transport of patients is
assumed. There is a possibility that the novel pump can be developed based on a roller tube pump due to the
above advantages. However, due to the operating principle of the tube pump, the discharge flow becomes
pulsation flow according to a compression cycle of a tube by rollers. In order to use the pump regardless of the
surrounding condition, the novel pump has to supply the constant flow rate regardless of a height of the infusion
bag. This study aims to investigate a relationship among the discharge flow condition, the surrounding
condition of the pump and the tube compression in order to optimize the pump structure to develop the novel
tube pump system. In this report, we especially focused on the effects of a height of an infusion bag, which
simulates infusion bags and a compression cycle of the tube by a roller on the discharge flow characteristic. We
obtained following information experimentally: discharge flow rate is affected by a potential of water head
when the number of the roller is small. When the number of the roller becomes large and the tube is enough
compressed, the supply flow rate becomes stable. However, when the number of the roller increases, a net
supply flow rate becomes small.
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I. INTRODUCTION

A roller tube pump (Fig. 1) is one of a fluid transport system which can generate a fluid flow by
compressing tubes by rollers and a plunger [1]. This is widely used for chemical analysis processes and an
infusion system. Currently, in order to prepare for the future sudden disaster, a novel infusion pump emergency
patient is urgently needed. We are now developing the novel pump which is available for use in the following
situations: emergency medical situations which an emergency treatment of a hypovolemic shock caused by a
trauma is needed, disaster situations which there is not enough space around victims which general infusion
bags cannot be hung and a long transport of patients is assumed. The general infusion pumps don’t have a
performance which can be used in the above emergency situations. The roller tube pump has the following
advantages: The rollers, which transports working fluid by compressing the tube, do not contact the working
fluid directly. There are a few components and the tube pump can achieve downsizing. The power consumption
is small. Therefore, in order to develop the novel infusion pump which can be available for the above situations,
the novel pump can be developed based on a roller tube pump.

In order to achieve enough reliability of the novel infusion pump based on the tube pump, an
investigation of performance characteristics [2] of the pump and the discharge flow characteristic becomes
important. However, because of the operating principle of the tube pump, the discharge flow becomes pulsation
flow according to a compression cycle of a tube by rollers. Some researchers have reported the change of the
flow and heat transfer phenomena by the pulsation of the flow [3] — [6]. In order to reduce physical burden of
patients, a technology of a stabilization of the discharge flow is thus needed. In addition, to use the pump
regardless of the surrounding condition, the novel pump has to supply the constant flow rate regardless of a
height of the inlet tank, which an infusion solution supplies.
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With this as a background, our study aims to obtain basic information about the pump structure and the
flow phenomena in order to develop the novel infusion pump based on the tube pump. In this report, we
especially focused on a relationship among the discharge flow condition, the surrounding condition of the pump
and the tube compression. The flow phenomena and the discharge flow condition of the tube pump were
investigated experimentally while changing a height of an inlet water tank which simulates infusion bags and a
compression cycle of the tube by a roller. Through the experiment, we obtained information about the design of
the tube pump for optimizing the tube pump structure.

roller A

Fig.1: Image of roller type tube pump; left) schematic, right) flow of ink in tube

Il. EXPERIMENTAL DEVICE AND METHOD

A. Experimental Apparatus

Figure 2 shows the schematic of the experimental apparatus to investigate the discharge flow condition
of the tube pump. The experimental system is composed of a test tube pump, an inlet side water tank which
simulates an infusion bag, an areal flow meter (Japan flow-cell, SCO-4, Range: 0 - 30 ml/min), a syringe, a
digital video camera, an outlet side water tank and a precision balance (Sartorius, TE64, Range: 0 — 60 g). Water
is used as the working fluid. The water is supplied to the tube pump from the inlet water tank through areal flow
meter and finally flows to the outlet tank. The supply flow rate of the tube pump was measured by using the
outlet water tank and the precision balance. Firstly, we measured the mass flow rate of the water by using the
precision balance. The weight of the outlet water from the pump for 30 minutes was measured. Secondly the
mass flow rate was calculated by dividing the obtained mass flow rate by the collected time. Finally, the volume
flow rate is calculated by dividing the mass flow rate by the density. We evaluated the performance of the tube
pump from the calculated volume flow rate. The areal flow mater was used to confirm whether the water flows
without troubles or not.

digital video camera

inlet side gj|icon tube f
water tank

Jack areal flow meter o5t pymp Outlet side  precision
Water tank balance

Fig.2: Schematic of experimental system for investigating flow characteristic of roller tube pump

A jack is mounted under the inlet water tank as shown in Fig. 3 to investigate the influence of the
potential head of the inlet tank. The effect of the potential head of the inlet tank was investigated by changing
the position of the water surface. The height of the water surface in the inlet tank was changed as shown in Fig.
3. Here, h =0 mm corresponds to the mounted height of the tube in the tube pump. Here, there is the possibility
that the position of the water surface may shift because the water is supplied to the tube pump and the amount of
the water in the tank decreases. However, in this study, the volume of the water tank was enough big against the
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volume flow rate. Therefore, we assumed that the height of the water surface in the inlet tank did not change
during the experiment.

In order to investigate the flow phenomena of the exhaust flow from the tube pump, we additionally
tried to perform flow visualization by using the ink tracer method. The syringe was installed at the upstream side
of the tube pump and a methylene blue solution was supplied to the flow as the flow tracer. By observing the
flow of the ink, we evaluated the change of the flow phenomena in the tube.

=
E,
s = tube Flow
8% —
£38
S < @
» T
ERC &
= =

jack  flow meter pump
Fig.3: Position of water surface in the inlet tank

B. Test Pump

MP-3 model tube pump manufactured by EYELA as shown in Fig. 1 and Table 1 was used as the test
pump. A silicon tube which has the inside diameter of 3 mm and the outer diameter of 5 mm was used as the
flow pass. In order to investigate the relationship between the discharge flow condition and a compression cycle
of the tube by a roller, we operated the tube pump while changing the placement and the number of the roller as
shown in Fig. 4. Here, n [-] is the number of the attached roller, y [deg.] is a smallest angle between the
mounted rollers at each roller pattern.

Table I: Parameters of tube pump

Dimension [mm?] 150 x 157 x 185
Number of roller 6
Minimum flow rate [ml/h] 10
Maximum flow rate [ml/h] 1450
Usable tube diameter [mm] p1.15~06
Operating voltage [V] 100
y=9°
v =180°
(b) n=2, (c) n=2, (d) n=2,
w=60° w=120° w=180°
—_— o ,@%
=90 ;%%720 :500
(e) n =3, Hn=4, (@) n=5, (h) n =86,
w=120° w=90° w=72° w=60°

Fig.4: Mounted patterns of rollers.
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I1l.  RESULTS AND DISCUSSION
To begin with, we describe the change of the volume flow rate when the position and number of the
roller and the height of the water surface in the inlet tank is changed. Figure 5 shows the difference of the
volume flow rate. When the number of the roller was less than three, the volume flow rate decreased. Especially,
when the number of roller was one or two and [J value was small, the deterioration of the supply flow rate
becomes significant. h value also affects the supply flow rate. When the number of the roller was small and h
became low, the flow rate deteriorated.
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Fig.5: Relationship between volume flow rate and roller pattern

The change of the supply flow rate is caused by the occurrence of the period which the tube is not
compressed by the roller. The tube pump transports the working fluid by compressing the tube. Some rollers
rotate along the tube as shown in Fig. 1 while compressing the tube. At this time, the tube is pressed by the
roller and the working fluid is trapped between the rollers as shown in Fig. 6. In the tube pump, the trapped
working fluid is transferred by the rotation of the rollers. From the other point of view, the compression of the
tube by the roller plays important role in order to achieve the steady supply of the flow rate because the flow in
the tube can be controlled by the compression of the tube. When the tube is pressed by the roller, the working
fluid cannot flow by itself. However, if there are some periods which the tube is not compressed completely, the
working fluid flows in the tube freely. If the tube is not completely crashed and the potential head of the fluid in
the inlet tank becomes higher, the working fluid flows by the support of the higher potential head at the
upstream side of the pump. On the other hand, if the tube is not completely pressed and the potential head at the
inlet tank becomes lower than the tube pump, a counter flow may cause because the working fluid flows to the
target which has a lower potential head if there is no other pressure source. The occurrence of the counter flow
can be confirmed by the result of flow visualization as shown in Fig. 7 (a). From these results, we can conclude
that the supply flow rate changes when the number of the roller becomes small. This is because the period which
the tube is not crashed by the roller is caused and the working fluid flows according to the potential head of the
inlet flow tank.

Fig.6: Trapped working fluid in tube between rollers
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mm (Reverse flow)  1[sec] flow stop

@n=2, y=60°h=-85 (b)n=6, y=60°h=-85
Fig.7: Difference of flow pattern in the downstream side tube when the number of the roller is changed

On the other hand, when the number of the roller is larger than 4, the supply flow rate is not changed
regardless of [1 and h value. In these cases, the water flow in the tube pump is perfectly trapped by the rollers
and the reverse flow cannot be caused as shown in Fig. 7 (b). Hence the net supply flow rate was dependent on
the rotation speed of the centre gear. However, when the number of the roller increases, the supply flow rate
decreases. This may be caused by the increase of the frictional force between the roller and the tube. When the
number of the roller increases, the contact area of the roller with the tube increases and the frictional force
become higher. This causes the deterioration of the rotation speed of the roller and the supply flow rate of the
pump deteriorates. Therefore, we can conclude that there is an optimum value of the roller number.

V. OPTIMUM ROLLER NUMBER
In our test pump, the roller tube pump can supply the highest flow rate in the case of n = 4 without the
effects of the potential head of the inlet tank. We can say that the optimum number of the roller in the case of
our test pump was 4. Here, we will consider how the optimum value of the roller tube pump is decided.
We focused on the relationship between the span of the roller and the size of the plunger. In order to
investigate the above relationship, we defined the following angle ratio £

c=plnl] 1)

Here, ¢ [deg.] is a biggest angle between the mounted rollers at each roller pattern. 7 is the angle of the
plunger as shown in Fig. 8. In this test pump, [ was 110 °. ¢ = [ means that at least two rollers can press the
tube on the plunger.

Figure 9 show the relationship between the supply flow rate of the tube pump and the angle ratio. In the
case of [1 < 1.0, when [J value approaches 1, the supply flow rate become higher regardless of the height of the
water surface in the inlet tank. However, the level of the supply flow rate is strongly dependent on the height of
the water surface. On the other hand, in the case of (1 > 1.0, the water surface height did not affect the net
supply flow rate. From Fig. 9, the flow rate when [ = 1.2 shows the highest flow rate. When [J is smaller than
1.0, the period which no roller exists on the plunger and the tube is not compressed by the roller was caused. On
the other hand, when (7 is larger than 1.0, there are at least 2 rollers on the plunger regardless of the rotation of
the roller. Therefore, the tube is certainly pressed and the tube pump can supply the water without the change of
the flow rate by surrounding conditions. However, when [1 becomes larger, the number of the roller
unnecessarily increases and the friction force become higher. This causes the deterioration of the flow rate.

From this investigation, we concluded that the flow rate becomes higher when (] approaches 1.0. There
is the possibility that the optimum number of the roller can be obtained from the relationship between the
arrangement of the roller and the length of the plunger.

wi’o \

Fig.8: Definition of ¢ and [
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Fig.9: Relationship between flow rate and angle ratio

V. CONCLUSIONS

This paper targeted to investigate the pump structure and the flow phenomena of the tube pump in
order to develop the novel infusion pump based on the tube pump. We especially focused on a relationship
among the discharge flow condition, the surrounding condition of the pump and the tube compression. The
change of the supply flow rate and the discharge flow characteristic were investigated experimentally while
changing a height of an inlet tank, which simulates infusion bags and a compression cycle of the tube by a roller.
Through the experiment, we obtained following information.

The supply flow rate changes when the number of the roller becomes small. This is because the period
which the tube is not crashed by the roller is caused and the working fluid flows according to the potential head
of the inlet flow tank. On the other hand, when the number of the roller increases, the supply flow rate is not
changed regardless of the change of the potential head in the inlet water tank.

However, when the number of the roller unnecessarily increases, the supply flow rate is decreased by
the increase of the friction force at the contact surface of the roller with the tube.

There is the possibility that the optimum number of the roller can be predicted from the relationship
between the arrangement of the roller and the length of the plunger.

Here, even if the number of the roller increases and the discharge flow rate is not affected by the
surrounding condition such as h value, if the novel pump is developed based on the roller tube pump, the flow
pulsation is caused as shown in Fig. 7 (b). As our future works, we should investigate the mechanism of the tube
pump to decrease the flow pulsation.
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