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ABSTRACT

This research was conducted to develop an open channel water tunnel and analysis of the
flow distribution in the test section, where geometry of the water tunnel, discharge of water
flow and turbulence intensity are being basic parameters which influence Reynolds number
to reach the best condition, so that the hydrodynamic found to be optimal. The previous
researches of water tunnel explained that if the Reynolds number is the same fluid, the
hydrodynamic on a similar model. The methods of research used numeric analysis and
Computational Fluid Dynamics (CFD) simulations. The step of water tunnel design is used
to determine the Area Ratio (AR) between the contraction and the test section. Area Ratio
value is 5, which take it to calculate water tunnel design. Test section geometry has length
is 0.6 m. width is 0.3 m, and height is 0.3 m. Pump PMPO10 type is used to pass of water
with various capacities. It has capacity about 900 L/min, 1000 L/min, and 1100 L/min,
respectively. The optimum result is geometry water tunnel design has length inlet plenum
is 0.76 m, contraction is 1.1 m included honeycombs is 0.2 m, test section is 0.6 m and
outlet module is 0.51 m. So that, the total length of water tunnel design is 2.97 m. The
design of water tunnel using discharge is 900 L/min; water speed is 0.167 m/s, turbulence
intensity 0.044 and Froud number 0.097.

Keywords: Froud numbers; Hydrodynamic; Reynolds number; Turbulence intensity; Water
tunnel

1. INTRODUCTION

Water tunnel are used for a variety of reasons such as testing a structure under flowing
fluid, which affect the forces on the submerged body (Dol 2015). The benefit of water
tunnel is the Reynolds number in water flow will be about fifteen times and dynamic head
(Ha) in water flow is about 800 times the corresponding than the air flow, So that the water
can be a much simpler task to measurement of turbulent pressure fluctuations than in the air
(Arakeri & Govinda 1988). Water tunnel has three types are High Speed Water Tunnel,
Low Speed Water Tunnel. and Open Channel Flow Water Tunnel (Ahmad Zulfadhli 2008).
The previous researches of water tunnel explained that if the Reynolds number is the same
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fluid, the hydrodynamic on a similar model. The previous researches of water tunnel design

can be showed in Table 1.

Table 1. The previous of design of Water Tunnel

) Testing Type
No. Model Type Design _ Experiment Researches
1 [ISC-HSWT water tunnel v (Arakeri & Govinda
1988)
2 DSTO water tunnel v (Erm 18306)
3 NTU water tunnel v (Lee et al. 2005)
4 Close circuit wind/water tunnel design v (Gordon & Imbabi 2016)
5 Hills Research Corporation 1520 v (Dol 2015)
6 J.B Herbich water tunnel v (Ko 1971)
7 K135 cavitation water tunnel of SSSRI v (Yao et al. 2015)
8 DTMB high speed water tunnel v (Nedyalkov 2012)
9 Oscillating water tunnel (OWT) v (Yuan & Madsen 2014)
10 K15 cavitation water tunnel of SSSRI - (Chuan-jing & Ting
201D

This research was conducted to develop an open channel water tunnel. Open channel water
tunnel have the six main components are inlet plenum, baffle, setting chamber, inlet
module, test section, and outlet module. The six main compenents of open channel water
tunnel can be showed in Figure 1.
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Figure 1 Open channel tunnel design. 1) Inlet Plenum: 2) Buffle Design: 3) Settling
Chamber; 4) Inlet Module; 5) Test Section; 6) Outlet Module

The smooth surface of water tunnel can reduce friction of water flow and increase flow
effectiveness (Dol 2015). This is being indicated by the flow speed changes with time,
where the small different of flow speed along the length of the channel. it suggests the
characteristic of this flow is nearly similar with the characteristic of uniform flow (Cengel
& Cimbala 2006). Uniform flow has connection with Contraction Ratio (CR) shape, which
it has a well design between 5 and 10; it is worthy to note that increasing the contraction
ratio increases the maximum width of the contraction while a higher contraction ratio will
damp flow perturbations (Kalyankar et al. 2015), can decrease of turbulence intensity
(Nedyalkov 2012). The high Contraction Ratio (CR) definitely has a favourable influence
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on the flow quality in test section to become uniform flow (Arakeri & Govinda 1988). So
that, the test section is an important part to determine of water flow characteristic through
of inlet module. The settling chamber take the honeycombs model also as an important part
to determine of water flow, which reduces the lateral turbulence and straighten the flow
(Kalyankar et al. 2015).

The lateral turbulence and straighten the flow, could defined characteristic of water flow
was the laminar flow. The characteristic of water flow can be recognized by Reynolds
number (Pritchard & Leylegian 2011). The flow will change from laminar to turbulent as
the value of Reynolds number increase, which the flow can be considered to be laminar
below the value 3 x 10°, and turbulent above the value 3 x 10° (Chuan-jing & Ting 2011).
The Reynolds number can influence material drag coefficient, which the increase Reynolds
number can make the drag coefficient effect decreases gradually (Yao et al. 2015). This
research was conducted to develop an open channel water tunnel and analysis of the flow
distribution in the test section, where geometry of the water tunnel, discharge of water flow
and turbulence intensity are being basic parameters which influence Reynolds number to
reach the best condition, so that the hydrodynamic found to be optimal.

2. METHOD

The design of open channel water tunnel used two approaches that the calculation of
mathematics models and analysis simulation use Computational Fluid Dynamics (CFD).
The calculation of mathematics models has designed the six components open channel
water arc the inlet plenum, baffle, settling chamber (honeycombs model), test section, inlet
module, and outlet module. The calculation of mathematics model uses the basic
parameters that discharge capacity and the dimension of test section which have determined
by rescarcher use the Arca Ratio (AR). The results of design have simulated in CFD to see
the results of water speed, Reynolds number, turbulence intensity, and Froud Number.

I1.1. Project and Planning Definition

The project definition of open channel flow water tunnel use the Pump PMPO010 type,
which it have the discharge capacity various such as 900 I/min, 1000 I/min, and 1100 I/min.
Area Ratio (AR) which definition of contraction ratio in inlet module, and dimension of test
section. The assumption value of Area Ratio (AR) is 5 and contraction length is 0.9 m,
where the both of them can determine of discharge capacity. The test section dimension
would be design by the water speed maximum and the lowest of turbulence intensity. The
dimension of test section open channel flow water tunnel has length 0.6 m, width 0.3 m and
height 0.3 m. The Reynolds number; turbulence intensity and Froud number of water flow
must be known. The equations to calculate the three components of open channel water
tunnel can be described in Table 2 below that.

Table 2 Calculate of three components open channel water tunnel and basic parameters

No Parameters Equations
1 Reynolds number Re=(p.V.Rn)/p
2 Turbulence Intensity 1=0.16 . R3
3 Froud Number Fi=V/(@EY)"?
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The design of three components open channel water tunnel
No Components Equations
1 Test Section AR=A>/ A
2 Inlet Module Ye=Yci— (Yer = Yeo) [6(Xe/Le)’ = 15(Xe/Le)* = 10(Xe/Le)’]
3 Settling Chamber Vie=V2/CR: V2=(A1. V1) /A2: Vi=Q/A

M = The width of inlet module / The number of honeycombs hole
The other section of inlet plenum, baffle, and outlet module can be explained by the
assumption value, which the dimension of inlet plenum, baffle, and outlet module is the
development the previous open channel water tunnel design.

[1.2. CFD Simulations

The CFD simulations can be done after calculate of open channel water tunnel design
use mathematics model. The basic parameters to CFD simulation are discharge capacity
and the calculate result of open channel water tunnel design. The results of CFD can show
the water speed, Reynolds number, turbulence intensity, and Froud number.

3. RESULTS AND DISCUSSION

The design calculation have concept the six parts of open channel water tunnel such as
inlet plenum design, baffle design, settling chamber which use the honeycombs model, test
section design with Area Ratio (AR) optimum between 5 and 10, inlet module design and
outlet module. Morcover, the calculate design have been determined the water speed,
Reynolds number and turbulence intensity. The six parts of open channel water tunnel can
be showed in Figure 1.

The graph in Figure 2 has given the information about the curvatures of geometry inlet
module. The smooth curvatures can make the water tunnel distribution are quietly and
uniform in Figure 2 (a). The Xc is the distance of contraction between the entrance inlet
module and the middle section of inlet module (Y¢) give the effect to water speed, whereas
if the length of contraction very high. can make the decrease of water speed because
friction between water and inlet module surface area. The Y. is the start of curvatures in the
middle section of inlet module, which the small width of Y. influences to increase water
speed. The water speed in inlet module can be showed in Figure 2 (b).
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Figure 2 The curvatures of inlet module geometry a); The water speed b)
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I11.4. Design and Validation

The calculation of open channel water tunnel will produce the optimum design with the
best result of the basic parameter. The discharge capacity is the ones of basic parameter to
determine the optimum open channel water tunnel design. The dimension and parameter
design can be showed that in Table 3.

The optimum of open channel water tunnel can influence of Reynolds number, which
given the effect to hydrodynamic test. The best of Reynolds number determines the flow
characteristic, which it can produce the laminar or turbulent flow. The improvement of
kinematic viscosity gives the effect to increase water flow. Based on that condition, the
hydrodynamic test on the open channel water tunnel can be optimal.

Table 3 Table of dimension and parameter design

No. Section Note
1  Area Ratio (R) 5
Discharge (Q) Water Speed (Vs) 900 I/min; 0.033 m/s (load speed)
Discharge (Q) Water Speed (Vs) 1000 1/min; 0.037 m/s (load speed)
Discharge (Q) Water Speed (Vs) 1100 I/min; 0.041 m/s (load speed)
3  High of water 300 mm
4  Material Acrylic with the roughness of 3.92 nm

The CFD simulation, open channel water tunnel design have been seen the water speed.,
and turbulence intensity in the test section with the discharge capacity and position in the
test section become basic parameter. The discharge capacity use the three variant that 900
I/min, 1000 l/min, and 1100 I/min. The simulated position in the test section use five
positions that position A (0 m), B (0.15 m), C (0.30 m), D (0.45 m), and the end of test
section E (0.60 m) based on the entrance of test section. The positions in the test section
can be showed that in Figure 3.

Positions

ABCDE

Figure 3 The position test in the test section
The result of CFD simulation with the parameter that position and discharge capacity can

be determines the water speed and turbulence intensity. The result simulation can be
showed that in the Figure 4.
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Figure 4 water speed a) and turbulence intensity b) in Test Section

Figure 4 a) showed that the water speed CFD simulation with the three several of
discharge capacity in the five positions. The trend of the water speed value between the
three variant of discharge capacity have been improved. This is can be indicated by the
change of colour when the calculation of water speed is being tested by CFD simulation.
Improvement of water speed influenced by discharge capacity and the area of surface test
section. The two factors have been relations with the water speed: this is can be showed in
the discharge equations. If the discharge capacity increases, the water speed can be
increased when the surface area constant. Figure 4 b) showed that the turbulence intensity
CFD simulation in the five positions with the three variant of discharge capacity. The trend
of turbulence intensity has been similarity with the water speed. The turbulence intensity

has been increased in the three variant of discharge capacity. The turbulence intensity
between 900 1/min, 100 I/min, and 1100 I/min has the different value.

[II.5. The result of validate calculation

The result of validate calculation and the calculate of open channel water tunnel design
simulated by Computational Fluid Dynamics (CFD) on the three various discharge capacity
to determine water speed in Figure 5, Reynolds number in Figure 6 and turbulence intensity
in Figure 7. This simulation have the aims to consideration result from the calculate design
and the simulations, moreover this simulation can be managed of the operational cost to
build the open channel water tunnel.

The graph of water speed showed in Figure 5(a) the different water speed between the
three several of discharge capacity. The discharge capacity 900 1/min has the lowest water
speed than the other. This is have the relation with the surface of area test section. The
constant of surface arca with the change of discharge capacity can give the effect to water
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speed. This condition can be concluded that the increasing discharge capacity can make the
increasc of water speed. The trend of water speed CFD simulation in Figure 5(b) similarity
with the calculate design, but the different of graph water speed both of them on the path
line. The parameter that makes the different is external parameter such as roughness
material parameter, when it’s become the entrance data simulations.

The water speed influence the Reynolds number in Figure 6 (a). The Reynolds number
can determine the flow characteristic that laminar or turbulent flow. The graph of Reynolds
number open channel water tunnel design showed that the discharge capacity 900 1/min has
the lowest of Reynolds number. The trend of Reynolds number has been similarity with the
water speed. Graph of Reynolds number CFD simulation in Figure 6 (b). The graph of
Reynolds number CFD simulation different than the graph of Reynolds number validates
calculation, because the entrance data of water speed in CFD simulations. The highest of
Reynolds number makes the flow characteristic become as a turbulent flow.
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Figure 6 Reynolds number a); Validate Calculation b); CFD simulation

Besides of water speed and Reynolds number, the turbulence intensity can influence the
open channel water tunnel design. The graph of turbulence intensity in Figure 7 (a) has
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been different than the graph of water speed and Reynolds number. The graph of turbulent
intensity indicated that the discharge capacity 900 I/min have the highest value than the
other discharge capacity. This can conclude that the highest of turbulent intensity needed to
the lowest of Reynolds number and makes the increase of water speed. The turbulence
intensity of CFD simulation in Figure 7(b) and calculate design have been different. Graph
of turbulence intensity CFD simulation when the water flow through the position E will be
fall down to the lowest point. The lowest point caused by Reynolds number influence the
turbulence intensity parameter.

Turbulent Intensity
Turbulent [ntensity

0,00 040 080 1,20 1,60 0oD 040 080 120 1460

Position (m)
(a) (®)

Figure 7 Turbulent Intensity a); Validate Calculation b); CFD simulation

IIL.6. Optimal Design

The design of open channel water tunnel has been optimized by the discharge capacity
900 I/min. The characteristic of optimal design open channel water tunnel have the length
of contraction in 0.9 m, and the dimension of test section with the length 0.6 m, width 0.3
m, and the height 0.3 m. The figures of water speed in test section can be coughed from 0
m/s until 0.3048 m/s. The test visualization of open channel water tunnel uses the colour
spray on the surface model. The best of water speed from the test visualization is 0.09144
m/s until 0.1524 m/s. The optimum of open channel water tunnel design can be showed that
in Figure 1. The optimized of open channel water tunnel with the discharge capacity 900
I/min have been selected. The parameters of open channel water tunnel design such as
water speed, Reynolds number, and turbulence intensity between calculation and CFD
simulation can be considerate ones to each other, and can be showed that in Figure 8.

From the graph, it seems the different result between the calculate design and CFD
simulations. The graph of water speed can be showed in Figure 8(a). The graph of water
speed in the calculate design have the extreme increase when the water flow through the
position C and position D. and the constant water speed in position E. The different result
caused by the added external parameter. such as the roughness material test section when
the open channel water tunnel design simulated by CFD simulations. The graph of
Reynolds number between calculates design and CFD simulations have different result in
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Figure 8 (b). The different caused by the constant value of material characteristic, when
material characteristic data in CFD simulations diffcrent than in calculate of design. The
graph of turbulence intensity between calculate design and CFD simulations have been
different in Figure 8 (c). but the value in the entrance of test section, both of them have the
similarity value. The value of turbulence intensity calculate design have been extreme
decreased path line than the smoothly path line of turbulence intensity CFD simulations.
The graph of Froud number between calculates design and CFD simulation in Figure 8(d).
Froud number of water flow in CFD simulations have the decreasing path, but in the
position of 0.8 m Froud number in CFD simulations increase. the increase of Froud number
because the water flow through test section, the function of test section to make the water
flow quickly and smoothly.
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Figure 8 Consideration the calculate design and CFD simulations design a) water speed
b)Reynolds number;c) Turbulent Intensity:d) Froud Number

4. CONCLUSION

The research of open channel flow water tunnel can be concluded that the optimum
of open channel flow water tunnel model with the discharge capacity 900 I/min. This model
has the total length 2.97 m. The length of contraction is 0.9 m included the honeycombs
with the dimension of length 0. 2 m and the diameter of cell 0.05 m. The test section has the
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dimension with the length 0 6 m, width 0.3 m, and height 0.3 m. The optimum of open
channel water tunnel have the optimum water speed with the value is 0.167 m/s , the lowest
Reynolds number 29368, and turbulence intensity is 0.044 or with the percentage is 4.4 %,
which have the means is intermediate turbulence intensity and Froud number 0.097. If the
water flow rate increase, its produce the Reynolds Number high and the Reynolds Number
will be constant when the water flow entrance to test section, this is being caused by the
constant test section geometry. If the flow discharge increases, its produce turbulence
intensity low and the turbulence intensity will be constant when the water flow entrance to
test section, this is being also caused by constant test section geometry.
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