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Who should read this paper?
Anyone with an interest in the design or operation of catamaran vessels  
will derive from this paper a better understanding of the implications of 
demihull design and spacing on overall efficiency, as well as the challenges 
that remain in designing a catamaran with small resistance. 
 
Why is it important?
‘Catamaran,’ from Tamil kattu “to tie” and maram “wood, tree,” is a  
type of boat consisting of two hulls joined by a frame. The catamaran  
is commonly believed to be an invention of fishermen on the southern 
coast of Tamil Nadu, India, as early as the 5th century AD. In modern 
shipbuilding, the catamaran design offers many potential advantages – 
most notably speed, stability and carrying capacity. However, drag 
(resistance) and interactive forces between the demihulls remain as 
significant design challenges. Not only do the size and shape of the 
demihulls have an impact on drag (resistance), their position relative  
to each other has a bearing on the interplay of forces (interference)  
and, consequently, the global structure of the vessel.

In this paper, the authors report on the results of rigorous testing of the 
drag characteristics and interference effects between laterally separated 
and longitudinally staggered demihull configurations for both symmetrical 
and asymmetrical hull cross-sections. The authors recognize that, while a 
longitudinally staggered hull design is not immediately practical, their 
experimental results indicate that as hull separation and stagger are increased, 
resistance decreases. Furthermore, asymmetrical hulls are found to be less 
influenced by the interference between hulls than are symmetrical hulls.
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ABSTRACT

One of the design challenges faced by naval architects is the accurate prediction of hull resistance 
characteristics in order to predict precisely the power requirements. Even though a considerable 
amount of research has been carried out in this area, there remains a degree of uncertainty in the 
prediction of calm-water resistance of catamaran hull forms. This paper attempts to report on an 
experimental investigation into a systematic series of slender catamaran hulls. The model hull 
forms comprise a conventional catamaran along with laterally separated and longitudinally staggered 
(longitudinal shift between demihulls) demihull (hulls which make up the catamaran) configurations 
for both symmetrical and asymmetrical hulls. A series of tests on the models were conducted at 
the Towing Tank of the Indonesia Hydrodynamic Laboratory over a speed range corresponding 
to Froude number up to 0.7. Experimental results are presented in tabular and graphical forms. 
The drag characteristics and interference effects are discussed and compared with recently 
published information. Results presented in this paper offer practical information and 
considerable promise and it is envisaged that further work will be carried out in order to gain 
further understanding. 
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NOMENCLATURE

LWL = Length on waterline (m)
LBP = Length between    
  perpendiculars
b = Breadth of demihull (m)
B = Breadth of catamaran (m)
T = Draught (m)
s/L = Lateral separation   
  (clearance) ratio, between   
  demihull centrelines
R/L = Longitudinal stagger ratio,  
  between demihull transoms
V = Ship speed (m sec-1)
Fr = Froude number

Re = Reynolds number
RT = Total resistance (N)
Cb = Block coefficient
CT = Total resistance coefficient
CF = Frictional resistance coefficient
IF = Total interference factor
IF separation = Separated catamaran   
  interference factor
IF stagger = Staggered catamaran   
  interference factor
WSA or S = Wetted surface area (static  
  condition) (m2)
ρ	 =	 Density of water (kg m-3)
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INTRODUCTION

During the last decade catamaran ships have 
rapidly evolved into a dominant mode of 
sea transportation. Their particular area of 
proliferation is the short sea shipping where 
they show considerable superiority over 
competitive designs in attributes such as  
space availability and seakeeping quality.

Resistance characteristics are principal aspects 
of the catamaran design spiral as they are 
strongly coupled with speed and fuel economy 
and, consequently, the operating and cost 
efficiencies of the vessel. 

A considerable amount of research has been 
carried out to determine the resistance 
interference effects of demihulls (hulls which 
make up the catamaran) in proximity of one 
hull on the other, including experimental work 
in a towing tank [Insel and Molland, 1992; 
Molland et al., 1996]; in wind tunnels [Utama, 
1999; Armstrong, 2003]; and theoretical work 
from Sahoo et al. [2007] and Muller-Graf et 
al. [2002]; but all of these investigations have 
focused on the effects of various lateral 
separations (clearance). Little work has been 
carried out regarding the staggered (longitudinal 
shift between demihulls) demihull configuration, 
other than the investigations undertaken by 
Soding [1997], Sahoo et al. [2006] and Caprio 
and Pensa [2007]. While the staggered 
catamaran hull form is not immediately 
practical, it is of great interest to understand 
the wave field interaction between the demihulls. 

This paper constitutes a resistance analysis of 
symmetric and asymmetric displacement of 
catamaran hull forms with the effects of 
various lateral separation (clearance) and 

longitudinal stagger on the drag characteristics.

The paper by Insel and Molland [1992] 
summarizes a calm-water-resistance investigation 
into high-speed semi-displacement catamarans, 
with symmetrical hull forms based on 
experimental work carried out at the University 
of Southampton. Two interference effects 
contributing to the total resistance effect were 
established; these are viscous interference, 
caused by asymmetric flow around the demihulls 
which affects the boundary layer formation, 
and the wave interference, due to the interaction 
of the wave systems produced by each demihull. 
They proposed that the total resistance of a 
catamaran could be expressed by the equation:

The factor ø has been introduced to take account 
of the pressure-field change around the demihulls 
and σ 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, while (1+k) is the 
form factor for the demihull in isolation. For 
practical purposes, ø and σ can be combined 
into a viscous interference factor β where 
(1+øk)	σ= (1+βk). Hence

For a catamaran, τ can be calculated from the 
equation:

Where	β	= 1 and τ = 1 for monohull.

(1)

(2)

(3)
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The asymmetrical demihull is arranged such 
that the hull width is a half of the symmetrical 
hull with the flat sides facing inwards. The 
displacement for both symmetrical and 
asymmetrical demihull is kept constant; 
consequently, each hull has a different draught 
(T) and Wetted Surface Area (WSA).

EXPERIMENTAL INVESTIGATION

A series of model tests was conducted at the 
towing tank of Indonesian Hydrodynamic 
Laboratory. The towing tank has a length of 
240 m and width of 11 m, with a constant 
water depth of 5.5 m. Views of model testing 
are shown in Photos 1 and 2.

DESCRIPTION OF MODELS

A catamaran comprises two demihulls, usually 
with each demihull having the same waterline 
length L and hull width b. The demihulls are 
usually positioned abreast of each other, with a 
distance between the centrelines S, Figures 1a 
and 1b, and B is the overall beam of the 
catamaran, as illustrated in Figures 2a and 2b, 
for body plans of symmetrical and 
asymmetrical catamarans, respectively. 

The two tested models, symmetrical and 
asymmetrical catamaran, were built from 
fibreglass materials. The main particulars of 
both models are presented in Table 1.

Figure 1a: Symmetrical catamaran.

Figure 1b: Asymmetrical catamaran.

Figure 2a: Symmetrical 
catamaran.

Figure 2b: Asymmetrical  
catamaran.

Photo 1: Model test of symmetrical catamaran.

Photo 2: Model test of asymmetrical catamaran.

Table 1: Main dimension of demihull and catamaran.
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The experiments were conducted for Froude 
number up to 0.7 with three separation hull 
distances (clearances) and four longitudinally 
hull staggers, including the single demihull 
cases for both symmetrical and asymmetrical 
hull forms.

The test conditions for both hull forms are 
outlined in Table 2, where (s/L) values dictate 
the lateral separation ratio, between demihull 
centrelines, and the stagger (R/L) values 
represent the longitudinal stagger ratio, between 
demihull transoms.

The models were fitted with turbulence 
stimulation comprising sand grain strips of  
0.5 mm diameter and 10 mm width. The strips 
were situated (leading edge) about 5% LBP 
aft of the bow [ITTC, 2002].

The model was connected to the load cell 
transducer at a point located amidships and 
vertically at 0.45 T above base line, allowing 
the model to move freely in the vertical plane. 
Total resistance was measured for each run 
over the test range of Froude numbers. 

RESULTS AND DISCUSSION

Catamarans and demihulls of both the models 
have been tested at Froude up to 0.7. A 
comparison of the symmetrical and 
asymmetrical, staggered and unstaggered 
catamarans was made to evaluate the drag 

characteristics; see Tables 3-5.

From the experimental towing test results, for 
the models, the total resistance coefficient, CT, 
and the total interference factors (IF separation,  
IF stagger) have been calculated. The total 
resistance coefficient is defined as:

where WSA is the wetted area of both hulls in 
the case of the catamaran.

Form Factors
The viscous resistance component, composed 
of the flat plate frictional resistance and form 
drag including the earlier mentioned viscous 
(body) interference, is still very difficult to 
estimate accurately. While flat plate resistance 
in isolation can be estimated with a reasonable 
precision using ITTC-57 extrapolation line, the 
form drag (viscous pressure), caused by the 
boundary layer activity and the body interference 
effect, requires a series of model test data. 

Bertram [2000] recommended to determine  
the form factor “k” by utilizing experimental 
data at very low speed or low Froude numbers 
(Fr < 0.2), where Cw must become negligible. 
Prohaska’s method [ITTC, 2002] allows the 
form factor to be calculated by assuming that, 
at low speed, the total resistance is described as:

At low speed, Fr <0.2 is assumed to be a function 
of Fr4, the straight line plot of CT/CF versus 
Fr4/CF, and will intersect the ordinate (Fr=0) at 
(1+k), enabling the form factor to be 

(4)

(5)

Table 2: Tested separation and stagger conditions.
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determined as shown in Tables 3 and 4, which 
show the raw resistance measured for both 
types of hull form including catamaran and 
demihull configuration at different separation 
and staggered ratios.

Table 5 shows the test results of viscous form 
factor for demihull (monohull) and catamaran. 
The viscous form factors of demihull are lower 
than that of catamaran with hull separation of 
s/L = 0.2 to s/L = 0.4. This explains the 

Table 3: Resistance measured for symmetrical catamaran. Table 4: Resistance measured for asymmetrical catamaran.
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occurrence of viscous interferences on catamaran 
hull. The interference phenomena are generated 
by variation of velocity field and pressure 
around demihulls, change of form factor value.

The symmetrical and asymmetrical catamaran 
configurations were found to have approximately 
10% and 5% greater form factor than the 
demihull (monohull). The results also show 
that the higher the hull separation and stagger, 
the lower the form factor. The effect of the  
hull separation is higher than that of the  
hull staggers.

It should be noted that the ITTC-57 correlation 
line is an empirical fit and that some form 
effect is included. This is unfortunate since the 
friction is calculated empirically based on the 
friction of a flat plate and is then modified, in 
a semi-empirical manner, to obtain the viscous 
resistance component; the relative magnitude 
of this component can lead to a lack of 
precision in the final result.

It would also appear that the transom has a 
significant, if not yet fully understood, effect 
on resistance. It will be shown that the findings 
for monohulls are pertinent to catamarans, 
which have the added complications of wave 
and viscous interactions between the demihulls.

Table 5: Experimental viscous form factor values.

Form factors for all the demihull spacing tested 
were found to be considerably higher than 
those of the monohulls suggesting that viscous 
interaction effects were present. It is unclear 
whether the viscous resistance increase is due 
primarily to modifications of the boundary 
layer and velocity augment between the 
demihulls or to additional spray associated with 
constructive interference of the two wave 
systems, particularly in the vicinity of the 
transom. These interaction effects may be 
investigated and studied further using wind 
tunnel models.

Unstaggered Catamarans
The total resistance coefficients (CT) are strongly 
affected by the change of hull separation (s/L) 
for both symmetrical and asymmetrical 
catamarans as shown in Figures 3 and 4. The 
interaction effects due to separation on the 
symmetrical catamaran are quite stronger, 
Figure 3, while these effects are less strong on 
the asymmetrical catamaran, Figure 4. 

In general, the CT values of the symmetrical 
catamaran are higher than that of the 
asymmetrical catamaran, especially being 
much higher at Fr 0.4-0.6. It is also shown that 
the smaller the separation (s/L), the higher the 
resistance and the critical Froude number. This 
is attributed to the more intensive wave and 
viscous interaction between the hulls [Caprio 
and Pensa, 2007].

It is noted that Figures 3 and 4 show that the 
smaller the separation (s/L), the higher the 
resistances, particularly for symmetrical hull. 
This is attributed to the more intensive wave 
and viscous interaction between the hulls. 

For the large hull, separation (s/L = 0.3-0.4) is 
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practically equal or slightly lower (for Fr = 0.35-
0.50) to double the demihull resistance, indicating 
that for this separation distance, the interaction 
effect has already vanished [Jamaluddin et al., 
2010]. For Fr > 0.5, the resistance of catamaran 
hulls is significantly lower than that of the 
double of the demihull for the given hull 
separation. The reason for this is that the wave 
interference contributed a favourable effect.

Staggered Catamarans
Experimental data results as plotted in Figures 5 
to 8 show the resistance characteristics on change 
of longitudinal stagger. The effects of longitudinal 
stagger configuration clearly show that between 
Fr values of 0.4 and 0.55, favourable interference 
does take place. 

The catamaran with the maximum stagger 
shows a considerable reduction in resistance. 

Figure 3: CT values of symmetrical catamaran.

Figure 4: CT values of asymmetrical catamaran.

Figure 5: CT values of staggered symmetrical catamaran, s/L=0.2.

Figure 7: CT values of staggered asymmetrical catamaran, s/L=0.2.

Figure 6: CT values of staggered symmetrical catamaran, s/L=0.4.

Figure 8: CT values of staggered asymmetrical catamaran, s/L=0.4.
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At the higher Froude numbers > 0.55, changes 
in hull stagger tend to have a relatively small 
effect. On the other hand, for Fr<0.4, the effects 
of longitudinal stagger configuration show an 
unfavourable interference. The reason for this 
may be caused by the wave interference between 
the hulls [Molland et al., 2000; Wang and  
Lu, 2011].

Figures 5 and 6 show the experimental results 
of the stagger symmetrical catamaran for R/L 
= 0.2 and 0.4. The results display a large change 
on resistance for s/L = 0.2 compared to s/L = 
0.4 at the range of Fr 0.4-0.55. This trend is also 
followed by the asymmetrical catamaran, as 
shown in Figures 7 and 8. However, the 
resistance of asymmetrical catamaran is lower 
than that of the symmetrical one. 

Interference Phenomena
The interference phenomena are generated by 
variation of velocity field around demihulls, 
change of form factor value and superimposition 
of wave patterns [Insel and Molland, 1991].

In addition to this breakdown, the interference 
factors have to be evaluated considering the 
viscous and the wave components separately. 
These procedures are of great scientific interest, 
but they need to measure directly both the 
resistance components. In the case of catamarans, 
these methodologies are really complex and 
the obtained data may not be reliable, especially 
for the viscous component.

For this reason, in the current work, in order to 
evaluate the interference phenomena, the ratio 
IF separation has been chosen:

where CTCAT and CTDH are for the catamaran and 
demihull, respectively.

And the ratio IF stagger is written as:

Since the IF factor is calculated with the total 
resistance, it depends on viscous resistance.  
So the IF factor changes if different ship 
scales are considered. 

Experimental results of interference phenomena 
for separation and stagger effects are presented 
in Figures 9 and 10 and Figures 11 to 14, 
respectively.
 

Figures 9 and 10 show the interference factor 
(IFseparation) by the change of hull separation 
(s/L). The interference effects due to separation 
on the symmetrical catamaran are stronger 
than that of the asymmetrical catamarans.

The interference factors for stagger (IF stagger ) 
are presented in Figures 11 to 14. There is a 
significant change in interference factor for 
S/L = 0.2 compared to S/L = 0.4 at the range 

(7)

Figure 9: CT values of IF separation symmetrical catamaran. 

(6)
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of Fr 0.4-0.55, particularly for the symmetrical 
hull. For this range of Froude numbers, the 
interference factor (IF stagger ) is smaller than 
the one for both hull forms. This indicated that 
the configuration of the staggered catamaran 
produced smaller resistance compared to the 
unstaggered catamaran. It is attributed to bigger 
wave interference at unstaggered formation 
[Molland et al., 2000; Utama et al., 2008; 
Utama et al., 2010]. 

It is not possible to identify a law describing 
the dependence of IF for hull separation and 
stagger [Caprio and Pensa, 2007]. The viscous 
phenomena probably have strong influences on 
the IF values. These phenomena have occurred 
for various separation and stagger configurations 
for both symmetrical and asymmetrical hulls. 
For Fr> 0.65 the IF stagger  curves converge 
to unity.

CONCLUSION

The following conclusions can be drawn based 
on experimental work: 
 
• It has been highlighted that there is a great  
 influence on catamaran resistance due to  
 separation and stagger.

• The resulting values of (1+k) and (1+βk)  

Figure 10: CT values of IF separation asymmetrical catamaran. 

Figure 11: CT values of IF stagger  symmetrical catamaran, s/L=0.2.

Figure 12: CT values of IF stagger  symmetrical catamaran, s/L=0.4.

Figure 13: CT values of IF stagger  asymmetrical catamaran, s/L=0.2.

Figure 14: CT values of IF stagger  asymmetrical catamaran, s/L=0.4.
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 for various configurations provide a broad  
 indication of changes in viscous resistance  
 and viscous interference due to the change  
 in hull separation and stagger.

• The general trend in all cases is that as the  
 hull separation and stagger are increased,  
 the resistance decreases. 

• The resistance and interference factors are  
 significantly affected on the symmetrical  
 hull compared to the asymmetrical one.

• Asymmetrical hulls are found to be less  
 influenced by the interferences due to   
 separation and stagger changes.

Results presented give practical data and a 
series of tests in a wind tunnel will be carried 
out for development of the research and to 
gain further understanding of the interference 
components of resistances of symmetrical and 
asymmetrical staggered and unstaggered 
catamarans. 

ACKNOWLEDGEMENTS

The authors would like to express their sincere 
gratitude to faculty and staff at the Institut 
Teknologi Sepuluh Nopember, Surabaya, 
Indonesia, for their support and encouragement 
throughout the course of this research work. 
The authors also extend their sincere thanks to 
numerous people whose valuable contributions 
made this paper possible.

REFERENCES

Armstrong, T. [2003]. The effect of demihull  
 separation on the frictional resistance of  
 catamarans. Conference proceedings, FAST  

 2003, Naples, Italy, October.
Bertram, V. [2000]. Practical Ship   
 Hydrodynamics. Oxford, UK: Butterworth- 
 Heinemann, pp. 74.
Caprio, F. and Pensa, C. [2007]. Experimental  
 investigation on two displacement   
 catamarans: systematic variation of   
 displacement, clearance and stagger.   
 International Journal of Small Craft   
 Technology, Vol. 149, Part B1.
Insel, M. and Molland, A.F. [1991]. An   
 investigation into the resistance components  
 of high speed displacement catamarans.  
 Meeting of the Royal Institution of Naval  
 Architects.
Insel, M. and Molland, A.F. [1992]. An   
 investigation into the resistance components  
 of high speed displacement catamarans.  
 RINA Transactions, Vol. 134.
ITTC [2002]. Testing and Extrapolation Methods  
 in Resistance Towing Tank Tests, International 
 Tank Towing Conference.
Jamaluddin, A., Utama, I.K.A.P., and Molland,  
 A.F. [2010]. Experimental investigation into  
 the drag characteristics of symmetrical and  
 asymmetrical staggered and unstaggered  
 catamarans. Conference proceedings,   
 ICSOT Indonesia 2010, RINA International  
 Series Conference, Surabaya, Indonesia,  
 November.
Molland, A.F., Wellicome, J.F., and Couser,  
 P.R. [1996]. Resistance experiments on a  
 systematic series of high speed displacement 
 catamaran forms: variations of length-  
 displacement ratio and breadth-draught  
 ratio. RINA Transactions, Vol. 138.
Molland, A.F., Utama, I.K.A.P., and Buckland,  
 D. [2000]. Power estimation for high speed  
 displacement catamarans. Conference   
 proceedings, MARTEC’2000, Surabaya,  
 Indonesia, September.



58   The Journal of Ocean Technology • Peer-Reviewed Papers Copyright Journal of Ocean Technology 2011

Muller-Graf, B., Radojcic, D., and Simic, A.  
  [2002]. Resistance and propulsion   
 characteristics of the VWS hard chine   
 catamaran hull series ’89. SNAME   
 Transactions, Vol. 110.
Sahoo, P.K., Doctor L.J., and Pretlove, L.   
 [2006]. CFD prediction of the wave   
 resistance of a catamaran with staggered  
 demihulls. Conference proceedings,   
 International Conference on Marine   
 Hydrodynamics, India, January.
Sahoo, P.K., Salas, M., and Schwetz, A.   
 [2007]. Practical evaluation of resistance of  
  high-speed catamaran hull forms – Part I.  
 Ships and Offshore Structures, Vol. 2,  
 No. 4, pp. 307-324.
Soding, H. [1997]. Drastic resistance   
 reductions in catamarans by staggered  
 hulls. Conference proceedings, FAST 1997,  
 Sydney, Australia.
Utama, I.K.A.P. [1999]. An investigation into  
 the viscous resistance of catamaran form.  
 Doctoral Thesis, University of  Southampton, 
  United Kingdom.
Utama, I.K.A.P., Murdijanto, and Hairul.   
 [2008]. An investigation into the resistance  
 characteristics of staggered and unstaggered  
 catamarans. Conference proceedings, Vehicle  
 Engineering and Technology, Kuala Lumpur,  
 Malaysia, July. 
Utama, I.K.A.P., Setyawan, D., Jamaluddin, A.  
 and Murdijanto. [2010]. Experimental and  
 CFD investigation into the drag   
 characteristics of catamaran fishing vessel.  
 Conference proceedings, Mechanical and  
 Aerospace Technology, Bali, Indonesia,  
 February.
Wang, Z. and Lu, X. [2011]. Numerical   
 simulation of wave resistance of trimarans  
 by nonlinear wave making theory with  
 sinking and trim being taken into account.  

 Journal of Hydrodynamics, Series B,  
 Vol. 23, Issue 2, pp. 224-233.




