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The Wind tunnel investigation of a slender body catamaran was conducted in order to determine its
resistance characteristics, namely the effect of pressure and flow velocity changes for varied hull
separation. The catamaran was tested in a wind tunnel belongs to Department of Mechanical
Engineering, ITS, with hull separations of S/L = 0.2 to 0.4 and variation in Reynolds numbers up to 4.46
x 105. Pressure around the hull was measured using pressure tappings and the flow velocity behind the
hull was also measured using a Pitot-static tube. The experimental study shows that the pressure
coefficient decreases when the hull separation declines and conversely, the flow velocity increases. The
tests demonstrated a viscous interaction between the hulls, and form factors for the monohull and
catamaran are derived.The demihull exhibited a form factor (1+k) of 1.265 and in the catamaran mode,
the measured form factor (1+ k) was between 1.416 and 1.403.The results are in agreement with other
published data.
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1. Introduction

The use of a wind tunnel for slender body catamaran investigations is described.This approach, in which the free surface
is treated as a solid plane, allows the isolation of the viscous resistance but does not take account of any influences that
surface waves may have on viscous resistance. The use of reflex models in a wind tunnel, therefore, provides an approximate
means of directly measuring the total viscous resistance of the model [1], [2], An implicit assumption for the reflex model is
that the waterline is level.

Lackenby [3] carried out several tests on a catamaran model in a wind tunnel. The overall results of this work would
indicate that the influences of surface waves on the viscous resistance are not large and that it should be acceptable to treat
the viscous resistance in isolation, in this manner to investigate viscous components and form effects. The reflex model was
a technique pioneered by experts such as Joubert et al. [4], where the resistance of the hull was measured in a wind tunnel.
The investigation was extended to the BSRA trawler series, Joubert et al. [5], Furthermore, Utama [6] conducted a detailed
experimental investigation in a low-speed wind tunnel on a single ellipsoid (as a reflex model) and a pair of ellipsoids in
close proximity representing a catamaran. Potential flow method has been carried out to determine the lift force single-dead
rise hull and catamaran configurations in which hydrodynamic pressure are more pronounced between two catamaran hulls
[7].

In the absence of waves, the pressure resistance is also the viscous pressure resistance, Molland et al. [8], Then the total
viscous resistance Rv may be described as shown in Eq. 1:

(1)

where RF is the frictional resistance arising from tangential shear forces on the hull and Rvp is the viscous pressure
resistance, arising from the normal pressure forces acting on the hull.In coefficient form is shown in Eq. 2:

(2)

For a monohull (or demihull of a catamaran) is described in Eq. 3:
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(3)

The viscous interference resistance of a catamaran can be expressed by Eq. 4, from Insel and Molland, [8],

(4)

The factor was introduced to take account of the pressure-field change around the demihulls and takes account of
the velocity augmentation between the hulls and would be calculated from an integration of the local frictional resistance
over the wetted surface. (l+kj is the form factor for the demihull in isolation [9], For practical purposes, and can be
combined into a viscous interference factor where (1+ k) = (1+ k), as shown in Eq. 5.

(5)

The friction resistance was determined using the ITTC- 57 extrapolation line, ITTC [10], is in Eq. 6.

(6)

Pressure resistance may be estimated by integrating pressure coefficients over the hull, Utama [4], Molland et al. [5],
and Armstrong [11], as written in Eq. 7.

(7)

where Cp is the pressure coefficient, CVP is viscous pressure resistance coefficient and ds is the distance between two Cps.

The present experimental investigation was carried out in a wind tunnel on a symmetrical catamaran using a reflex
model. The study objectives were to determine the viscous interferences due to pressure and flow velocity changes between
the catamaran hulls and to derive viscous form factors in the demihull and catamaran modes.

2. Methods

The experiments were carried out in the low-speed open-circuit wind tunnel in the Mechanical Engineering
Department at the Institut Teknologi Sepuluh Nopember (ITS) at Surabaya, Indonesia. The main particulars of the wind tunnel
are as follows in Table 1. The overall layout of the wind tunnel is shown in Figure 1.

Table 1. Main Particulars of the Wind Tunnel
Parameters Dimension
Test section
Length of test section
Maximum velocity

660 x 660 mm
1800 mm
20 m/s_

§5

i

3
1

*

Figure 1. Open Circuit Wind Tunnel

The catamaran model with two identical hulls was constructed from wooden materials with identical dimensions. The
demihull had an overall length of 457 mm, a width of 475 mm, and a surface area of 0.0284 m2. One of the demihulls was
fitted with 60 pressure tappings in order to measure the pressure distribution over its surface. See Figure 2.
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WIND TUNNEL TEST

(b)
Figure 2. Reflex Model of Catamaran in the Wind Tunnel, (a) Geomety Model Experiment, (b) Model Mounting

The circumferential and longitudinal positions of the pressure tappings are given in Figure 3. Leading-edge roughness
(a turbulence strip) was applied to each demihull. The turbulence stimulation comprised sand grain strips of 0.2mm diameter
and 4mm width. The strips were situated about 5 percent aft of the leading edge of each demihull.

SIDE VIEW

TOP VIEW

Figure 3. Circumferential and Longitudinal Location of Pressure Tappings

The static pressure is a constant value that is determined by the flow outside the boundary layer. The velocity varies
from its free stream value to zero at the wall. The total pressure also varies from free stream to the wall in the same way that
the velocity varies. In order to measure the total pressure on a rake, long thin tubes connect the rake tubes to a pressure
transducer located outside the wind tunnel [12],

Any blockage effects were minimized by keeping the model cross-sectional area small when compared with the tunnel
cross-sectional area (<0.7%), and the interference effects of the support structure were minimized by the use of a minimum
of support and by shaping the support structure for minimum drag [7], [8], The demihulls could be adjusted laterally to alter
the separation between the two hulls. The location of the Pitot-static tube is shown schematically in Figure 4. The models
were tested at separation/length ratios (S/L) of 0.2, 0.3, and 0.4.
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Figure 4. Lateral Location of Pitot-Static Tube

Pressure on the hull model s surface is measured by several pressure taps with a position on the water laden (draft)
along the hull to determine the pressure distribution around (between) the hull. Then the flow velocity is measured with a
pitot-static tube connected to the manometer, where the pitot-static tube is placed behind the two hulls with a shift in the
lateral direction of the Y-axis. The current research was carried out at wind speeds of 10, 12, Hand 15.4 m/s, giving Reynolds
numbers (based on model length) of up to 4.46x105. Wind tunnel corrections were applied according to Glauert s formula
[13], [14], The only significant correction was that due to solid-body blockage, but this amounted to a correction to the drag
of up to only 0.2% for the catamaran configuration [15],

3. Results and Discussion

The technique of testing in a wind tunnel allows the pressure and flow velocity on the demihull and catamaran models
to be measured directly. The pressure and flow velocity changes due to the change of catamaran hull separation were
determined.The frictional drag was determined using the ITTC 57 correlation line, Eq. 6. The viscous pressure drag is caused
by the development of the boundary layer along the model owing to the viscosity of the fluid, and the consequent changing
of pressure which increases in magnitude as the boundary layer develops, which causes a drop in the pressure recovery in
the after part of the hull, Armstrong [11],

The pressures were integrated over the hull surface to determine the viscous pressure drag. The total viscous drag at
given wind speed could thus be determined, comprising the frictional drag or shear force (RF) and the viscous pressure or
normal forces (Rvp), as shown in Eq. 1. The effects on viscous drag of separation of the hulls in a catamaran configuration
could also be found by using two hulls. Flow velocity was measured downstream of the model at a distance of about 30% of
the ship's length. The probe was moved laterally across the wake and covered more than the width of the hulls. In this case,
there are 25 measurement points for the monohull and 60 points for the catamaran configuration.

3.1. Pressure Results

The pressure variation around the hull at various demihull spacings is illustrated in Figures 5, 6, and 7. In the case of
the catamaran, the pressure and flow velocities that occur on the outer and inner side along the hull show a difference. The
interference factor ratio (inner/outer) for flow velocity ( ) shows that the larger the hull separation, the smaller the velocity
difference and vice versa for the pressure ratio 0, as shown in Figures 5, 6 to 7 and Table 2.

Table 2. Interference of Flow Velocity ( ) and Pressure (0) from Wind Tunnel Data (Inner/Outer)
Reynolds Number Flow velocity ratio ( ) Pressure ratio (0)

S/L = 0.2 S/L = 0.3 S/L = 0.4 S/L = 0.2 S/L = 0.3 S/L = 0.4
2.89xl05
3.47 x10s
4.05 x10s
4.46 x10s

1.0899 1.0571
1.0761 1.0512
1.0511 1.0369
1.0324 1.0228

1.0427 0.9939 0.9961
1.0399 0.9923 0.9954
1.0257 0.9930 0.9964
1.0159 0.9929 0.9959

0.9979
0.9965
0.9979
0.9967

00 —®™ Re: 2.89x10X5 - *ÿ Re= 3.47x10X5-0— Re= 2.89x10X5 - m- Re: 3.47x10X5
-50•50

-Re: 4.05x10X5 Re: 4.46x10X5—4-Re: 4.05xl0A5 Re: 4.46x10x5 s-100•100
CL

T *150 r1 7 Q

S
2 -2o°•2008 ££ *250 -250
o

I . -3003C0
O£

-350 -350

-400 -400

0 20 40 60 80 100 0 20 40 60 80 100

%L % L

Figure 5. Pressure Coefficient for Catamaran, S/L = 0.2
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Figure 6. Pressure Coefficient for Catamaran, S/L = 0.3
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Figure 7. Pressure Coefficient for Catamaran, S/L = 0.4

3.2. Flow Velocity Results

Plots of flow velocities along lateral locations at various hull spacings are given in Figures 8, 9, and 10. When
approaching the bow of the model, airflow velocity will experience a slowdown and the flow rate will increase at the centre
between the hulls. The smaller the distance between the hulls, the greater the flow velocity occurred. Further aft, at the stern
of the model, the flow velocity re-experiences a slowing down due to dilation of the media stream, and in this condition, an
increase in pressure. Figures 8, 9, 10 clearly show the wake deficits behind each of the catamaran hulls. The slowing down
effect behind each hull is seen to be relatively insensitive to hull separation.

60 ----Re= 2.89xlOA5--Re= 3.47x10A5--Re= 4.05x10A5

-Re= 4.46x10A5

SO

40

: )Model

t !°

30$
20

Model

10

0

0.6 0.7 0.8 0.9 1 1.1

VinAout

Figure 8. Horizontal Velocity Distribution, S/L=0.2
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Figure 10. Horizontal Velocity Distribution, S/L=0A
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Figure 11. Ratio of Pressure Changes Based on Re and S/L
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Table 3. Viscous Resistance Values
Hull Reynold
Cofiguration Number

Cv/CFCvp CF Cv = Cvp +CF
(Corrected)

2.89 xlO5
3.47 xlO5
4.05 xlO5
4.46 xlO5
2.89 xlO5
3.47 xlO5
4.05 xlO5
4.46 xlO5
2.89 xlO5
3.47 xlO5
4.05 xlO5
4.46 xlO5
2.89 xlO5
3.47 xlO5
4.05 xlO5
4.46 xlO5

Demi 0.0624
0.0589
0.0564
0.0548
0.0962
0.0923
0.0880
0.0862
0.0937
0.0914
0.0868
0.0841
0.0943
0.0897
0.0863
0.0836

0.0017
0.0016
0.0015
0.0015
0.0026
0.0025
0.0024
0.0024
0.0026
0.0025
0.0024
0.0023
0.0026
0.0025
0.0024
0.0023

0.0063
0.0060
0.0058
0.0056
0.0063
0.0060
0.0058
0.0056
0.0064
0.0060
0.0058
0.0056
0.0063
0.0060
0.0058
0.0056

0.0080
0.0076
0.0073
0.0071
0.0089
0.0085
0.0082
0.0080
0.0089
0.0085
0.0081
0.0079
0.0088
0.0084
0.0081
0.0079

1.2725
1.2696
1.2678
1.2660
1.4205
1.4219
1.4180
1.4188
1.4029
1.4181
1.4119
1.4083
1.4119
1.4100
1.4095
1.4058

S/L = 0.2

S/L=0.3

S/L=0.4

Figure 11 shows that the pressure ratio (inner pressure/outer pressure) is relatively insensitive to Re but shows an
upsurge with an increase in hull separation S/L Figure 12 indicates that there is a decrease in the flow velocity ratio with
increase in Re, and a decrease with increase in S/L Since Cp (Eq. 7) is based on a maximum cross-sectional area, CSA (while
CVP is based on the wetted surface area, WSA), the results must be multiplied by a factor (CSA/WSA). The corrected Cvp' is
then:

(8)
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where, CSA= 0.0007778 m2 and WSA= 0.028444 m2. The results obtained for viscous pressure resistance and total viscous
resistance, together with skin friction resistance, are shown in Table 3.

Figures 13 and 14 show the effects of Re and S/I on total viscous resistance Cv and viscous pressure resistance Cvp. There
is a distinct decrease in resistance with an increase in Re, with the effect decreasing at the highest Re. There is a change in Cv
with decreasing hull separation ratio S/I, Figure 13, and it is clear fromTable 3 and Figure 14 that it is almost entirely because
of variations in the value of Cvp. This phenomenon is also described by Armstrong [11] in his experimental work on the NPL
catamaran model.
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Figure 13. Effect of Hull Separation on Total Viscous Resistance
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Figure 14. Effect of Hull Separation On Viscous Pressure Resistance

Table 4 shows the test results for the viscous form factor for demihull (monohull) and catamaran, using the highest Re

value (4.46 x 105). The form factor for the demihull (1+k) and catamaran (1+ k) are derived from — using Eq. 3 and Eq. 5.

Table 4. Experimental Viscous Form Factor Values
Demihull Catamaran (1+ k)
(1+k) S/L = 0.2 S/L = 0.3 S/L = 0.4
1.265 1.416 1.405 1.403

The present study with the demihull and catamaran demonstrated clearly a form effect on the demihull and a viscous
interaction between the hulls, Table 3. The demihull exhibited a form factor (1+k) of 1.265 and in the catamaran mode, the
measured form factor (1+ k) was between 1.416 and 1.403. The results in Table 3 indicate a viscous interaction of the order
of 10-12 per cent of the demihull viscous drag; also, there is little effective change in (1+ k) with a change in hull separation
S/L, a characteristic that had been observed elsewhere such as Utama [6], [13] and Luhulima [16], It should be kept in mind
that the values of (1+ k) vary with model shape, size and Re, Armstrong [11],

4. Conclusion

The effects of various hull separations for a catamaran were analysed in a wind tunnel. From the wind tunnel test
results, the following conclusion can be drawn: a) The experimental techniques employed have provided a better
understanding of the physical flow processes when two bodies, such as the hulls of a catamaran, are in close proximity. b)The
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result test of demihull and catamaran with S/L variations shows increasing total viscous resistance about 12-14 per cent, c)
The base pressure coefficient showed a decrease when the hull separation was small while the flow velocity showed an
increase i.e. with an indication of (1+ k) changes from 1.416 to 1.403. d) The results show that the viscous resistance is
affected by the change of hull separation (S/L), although the effects are relatively small. The results indicate that the smaller
the separation (S/L), the higher the resistance. It is apparent that the quality of the overall ship resistance estimate can rely
heavily on the magnitude of the viscous resistance component and hence the value of the form factor.
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