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A B S T R A C T  
 

 

Today, researchers exploit hybrid craft more than they used to be. The main reason is that they need to 

high speed as well as extra portability. For instance, a famous hybrid craft is named Hysucat, was 

designed through the combination of catamaran and hydrofoil. Catamarans, a type of multihull boats, 
have always considered by designers because of their simultaneous supply of high speed and stability. 

These boats hold high drag despite more wetted surface as well. By using hydrofoil the wetted surface 
reduces, and then the drag of boat will decline. Meanwhile, sketches in the layout of hydrofoil 

processes notice to weight and center of gravity. This paper investigated application of hydrofoil in the 

high speed catamaran with considering different conditions in terms of center of gravity and load 
conditions. The model has exploited in the three states of loading (partial, ballast and over) and two 

centers of gravity for each diverse weight. Hence, nine series tests in towing tank have been carried out 

on the model boat in scale 1 ratio to 11.43. Eventually, results were computed to full scale boat by 
Froude number and ITTC model. According to the test results, usage of the hydrofoil brings about 50% 

drag reduction. 

doi: 10.5829/ije.2019.32.01a.14 
 

 
1. INTRODUCTION1 
 
High speed hulls play an important role in transportation 

and other specific industry. Multihull crafts are one of 

the most all-purpose high speed hulls. These hulls, due 

to their simultaneous supply of high-speed and sea-

keeping have been always considered by the designers. 

Catamaran and Trimaran are kinds of multihulls which 

contain transversal stability and a large deck. The shape 

of their hulls make the flow easily round the body and 

pass through it. However on the other hand, the wetted 

surface of these hulls are a lot, in comparison with the 

usual kind of the mono hull. The resistance of 

catamaran is about 25% more than a mono hull [1]. In 

fact, Trimaran hulls, like Bladerunner, reduce drag 

about 20% lower than a mono hull [2, 3]. Catamaran's 

unique features and widespread usage, made lots of 

researchers investigate the ways of drag reduction. 

Insel and Molland [4] through a numerical and 

experimental study investigated impact of semi-hull 
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shape and separation length. The parameters such as 

deadrise and body form have been studied [5]. Besides, 

the viscosity effect on hydrodynamic behavior has been 

discussed [6]. Molland et al. [7] and  Broglia et al. [8] 

according to an experimental research proposed an 

investigation of distance between two semi-hull. 

Kornew et al. [9] and Kandasamy et al. [10] 

investigated using hydrofoils in catamaran. Use of two 

bulbs at front and back has been studied [11]. Other 

investigators simulated catamaran in wave water [12]. 

Deploying micro bubble has been considered on drag 

reduction [13]. Scholarships examined the impact of 

unparalleled semi-hulls [14]. Bakhtiari et al. [15] 

investigated implementation of the stepped planning 

hull in calm water. In addition, methods of drag 

reduction have been introduced in a review study [16]. 

Adding hydrofoil in catamaran is known as one of the 

most efficient methods in drag reduction. The hydrofoil 

effect on reduction of boat resistance is examined 

through pinpointing the ideal situation of its installation, 

in order to design a proper boat. In accordance with 

papers, the catamaran boat resistance decline by 45% 
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when the hydrofoil is mounted and designed adequately. 

Hoppe [1] planned and manufactured the first catamaran 

with hydrofoil, the author managed to diminish the boat 

resistance greatly through installing hydrofoil into its 

body. The reduction of drag led to ascending the 

maximum speed and descending fuel consumption. 

Despite plenty of accomplished researches in this scope, 

since some major problems including rapid conversions 

of trim and lack of stability in high speed, the outcomes 

were not efficient.  However, there have been the 

prospered researches such as Migeotte et al. [17], 

Milandri [18], Grobler [19], Sahoo et al. [20], Köpke 

[21], Homma and Frouws [22], Swidan et al. [23] and 

Hajiabadi et al. [24]. 

Loading conditions effect on stability and operation 

of the boat, because the design of hydrofoil is processed 

notice to weight and center of gravity. In this paper, 

exploiting of hydrofoil on the catamaran boat in the 

three varied loading conditions was investigated. 

 

 

2. MODEL 
 
In this study, catamaran with asymmetric hull was 

studied. In Figure 1, the body plan of hull is displayed. 

The length of boat is 16 m and weight of boat in partial 

load 20.3 tons, in ballast load 23.41 tons and over load 

25.6 tons were assumed. A model of the catamaran in a 

scale of 1 in 11.43 was built according to the top speed 

of the boat coincided with the top speed of the towing 

carriage. The details of the model are given in the Table 

1. The foil pattern is based on the principles of the 

standard design hydrofoil boat, which uses a main foil 

just forward of the LCG and two small rear foils aft of 

the LCG. Figure 2 shows a picture of the model and 

Figure 3 gives the foil positions as tested. The foil is 

positioned on the keel with the flanges connecting to the 

hull recessed into the keel so that there is no disturbance 

to the flow and the hull-foil connection point. Inside 

corners also were radiused to reduce interference drag.  

 

 

 
Figure 1. Body plan of asymmetric catamaran hull 

TABLE 1. Model and scale dimensions of asymmetric 

catamaran hull 

Row Parameter Prototype Model 

1 Length overall 16 m 1.4 m 

2 Wetted length 14.77 m2 1.3 m2 

3 Beam overall 4.912 m 0.43 m 

4 Height of hull 2.3 m 0.2 m 

5 Tunnel width 1.7 m 0.148 m 

6 Ballast load weight 23410 kg 15.67 kg 

7 Draft 0.87 m 0.076 m 

8 Longitudinal center of gravity 4.03 m 0.353 m 

9 Keel center of gravity 1 m 0.0875 m 

 

 

 
Figure 2. Model with hydrofoils 

 

 

 
Figure 3. Foil positions at front and back 

 

 

The main foil (EPPLER 385) has a chord of 0.7 m and 

the profile thickness is 7% of the chord and the rear foil 

(EPPLER 385) has a chord length of 0.421 m and a span 

of 0.597 m. The foil pattern was designed by the use of 

computerized mathematical and a load distribution of 

50% foil load and 50% hull load was anticipated for the 

top speed of 52 knot under ballast load conditions. The 

load ratio between foils and hull depends on many 

factors and normally varies between 40-60% from 

common applications. 

 

 

3. TOWING TANK  
 

A series of model tests was conducted at the towing 

tank in Iran. The tests were conducted at towing tank, 

the main dimensions towing tank have been given in 
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Table 2. The frequency controlled electric drive system 

can bring the trolley up to speeds of 8.0 m/s. The model 

is attached to the trolley via a bridle system which is 

attached to a load cell with a computerized data 

acquisition system. Sinkage or rise of the bow and stern 

are also registered and allow the trim angle at speed to 

be determined. Tests were conducted with the model 

running behind an air screen to prevent the air drag 

component from influencing the correlation calculation. 

The prototype air drag is calculated separately and 

added to the total resistance assuming an air drag 

coefficient CD air = 0.6 (half streamlined body) and for 

the frontal area of the catamaran of Afrontal = 14.7 m2. 

 

3. 1. Uncertainty       A full investigation of the 

uncertainty involving multiple installations and 

ballasting of the model was not performed. However 

calculation based on uncertainty components identified 

as dominant in previous studies; in this facility using 

this towing arrangement and dynamometer suggested 

that the bias limit on the total resistance coefficient at 

model scale is of the order of 1% at a speed 

corresponding to 50 knots full scale. Even then it should 

be noted that the dominant sources of bias do not in any 

case affect comparisons between tests such as resistance 

changes between the model with and without foil. 

Multiple repeat tests carried out at this speed indicate 

that the corresponding precision of the total resistance 

coefficient was around 0.4%. Hence the total 

uncertainty is estimated at around 1%. 

 

 
4. DESIGN OF EXPERIMENT 
 

In order to investigate the loading conditions on 

resistance of the boat, 6 series of tests were considered. 

To be exact, in the tests the impact of both weight and 

center of gravity on the catamaran operation were 

noticed in two states, namely, with foil and not. Both of 

models have been inspected in the states of various 

loading (partial, ballast and over) as well as two center 

of gravity for each weight. Overall, 6 entire series of 

tests have accomplished, brief of them illustrated in 

Table 3. 

 

 
TABLE 2. Details of towing tank 

Size Details 

90 m Length 

5 m Wide 

3 m Depth 

8 m/s Trolley max speed 

0.05 m/s Trolley min speed 

TABLE 3. Details of 6 series of tests 

Series of test Details LCG % Δ(t) 

1 Without foil 24 20.3 

2 Without foil 26 23.5 

3 Without foil 27 25.6 

4 With foil 24 & 26 20.3 

5 With foil 26 & 28 23.5 

6 With foil 27 & 29 25.6 

 

 

5. RESULTS 
 

In fact, in this section the results of boat tests have 

studied. The presented results are related to main scale 

boat which the way of conversion has exhibited. 

 

5. 1. Method of Correlation       The friction 

resistance of model and major boat is not alterable; the 

major reasons are high difference in the boats Reynolds 

and lack of scalable viscosity. The friction resistance 

depend on Reynolds; however the rest: 

RR=RRm .λ3
 (1) 

In this equation the RR,, the RRm and λ are defined the 

residual resistance of the prototype,  the model’s 

residual resistance component and the model to 

prototype scale ratio, respectively. Also, added 

roughness, CA, is usually added (CA= 0.0003 as 

standard). The type of flow over the foil is different to 

the hull boundary layer flow. The foil Reynolds 

numbers are much smaller than for the model hull and 

the foil boundary layer is laminar at low model speeds 

and transitional in the high speed range (the hull flow is 

turbulent). The ITTC friction coefficients cannot be 

used to determine the drag and the best approach is 

reached by the use of formulation given in Kirkman and 

Klöetsli [25] and ITTC [26]. 

 

5. 2. Results in Partial Load       The results of 

without hydrofoils are just contained the center of 

gravity by 24%. Conversely, they are 24% and 26% for 

test with hydrofoils. The model test of the both models 

at speed 50 knot are presented in Figure 4. According to 

Figure 4, the wetted surface in the bottom of hull with 

hydrofoil reduces and the hull tunnel exit from water 

entirely (Figure 5d). Therefore, drag decline in the boat. 

According to Figure 5, the foil reduces the resistance 

of the boat about 15 knots (Figure 5a) and is coupled 

with a trim reduction across the entire speed range of 

the boat (Figure 5b). Once the boat gets onto the plane 

mode (22 knots) there is a very sharp reduction in 

resistance, in hydrofoil boat this will be coupled with 

faster acceleration. The sharp reduction in resistance is 

associated   with   water  clearing  from  tunnel  and   the 
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With Hydrofoil LCG 26% With Hydrofoil LCG 24% 

 
Without Hydrofoil LCG 24% 

Figure 4 Test with and without foil in high speed 

 

 

V (knots)

R
(K

N
)

5 10 15 20 25 30 35 40 45 50

10

20

30

40

50

60

70 Without Foil - LCG 24%

With Foil - LCG 24%

With Foil - LCG 26%

T

a  V (knots)

T
ri
m

(d
e

g
re

e
)

5 10 15 20 25 30 35 40 45 50

2

4

6

8

10

12 Without Foil - LCG 24%

With Foil - LCG 24%

With Foil - LCG 26%

b  

V (knots)

R
is

e
/
D

5 10 15 20 25 30 35 40 45 50

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

Without Foil - LCG 24%

With Foil - LCG 24%

With Foil - LCG 26%

M
A

X

c
 V (m/s)

S
(m

2
)

2 3 4 5 6 7
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Without Foil - LCG 24%

With Foil - LCG 24%

With Foil - LCG 26%

d  

Figure 5. Test results in partial load 

 

 

transom also becomes ventilated. At High speed, the 

hydrofoils reduce the total resistance by 40%. By 

shifting the LCG forward, the hump trim and resistance 

reduces in more than 40 knots. This is due to the trim 

reduction of the boat and also the decline in attack angle 

of the foil. In the partial load condition the main foil 

runs very close to the surface of the water and loses 

efficiency. The lower trim angle reduces the lift of the 

foil and allows a partially deeper submergence; which is 

more efficient.  

 

5. 3. Results in Ballast Load          Figure 6 indicates 

the result of the hydrofoil test in ballast load condition 

for maximum velocity. Regarding to the figure, boat 

draft decreased when the hydrofoil installed and area 

where spray is composited, pulled to the corner. 

Furthermore, hull tunnel exits from water completely in 

hydrofoil boat unlike the without hydrofoil one (that 

was on water surface). Figure 7 shows the results of the 

tests with and without foils for the ballast load 

condition. It can be seen that at speed below 20 knots, 

the resistance, trim and rise of the boat both, with and 

without foils, are very similar, and the foil system does 

not have wrecking effect at low speed performance. 

Above 20 knots, the foils help the boat to get onto the 

plane mode faster and water clears from the tunnel. The 

hydrofoils also reduce the running trim by 2 degrees at 

the hump, down to more favorable values. 
This will improve the hump transverse stability of 

the boat. Once the boat is on the plane, the wetted area 

of the boat, compared to the hull without foils, is 

substantially reduced. This results in a large reduction in 

friction resistance and the large reduction in overall 

resistance. At 52 knots the hydrofoils reduce the total 

resistance about 50%. Tests for the different LCGs 

show very little difference in resistance and only a small 

change in trim. Therefore, the boat is not sensitive to 

LCG shift, which is a favorable condition. 
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Figure 6. Test with and without foil at high speed 
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Figure 7. Test results in Ballast load 
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5. 4. Results in Over Load       Consequences of the 

model test in over load and at high speed are shown in 

Figure 8. In this weight hydrofoil boat expose better 

function than main boat. As for the figure, wetted 

surface of hydrofoil boat become very lower and the 

area of spray compound establish in behind greatly. 
Figure 9 shows the results of the tests with and 

without foils for the over load condition. The foils again 

show improvements in performance from about 20 

knots and higher speeds although, unlike the ballast load 

condition, the foils do not help to reduce the hump trim 

in this condition, for the over load condition. This is 

because they have not been designed to operate 

optimally for this load condition. At speeds of 52 knots, 

the resistance reduction is almost 50%. Partially less 

resistance reductions are achieved as the LCG for the 

over load condition is farther forward and thus the load 

distribution between the foils is not ideal. The 

performance in this condition could be improved farther 

if the hydrofoils are redesigned for this load condition. 
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Figure 8. Test with and without foil at high speed 
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Figure 9. Test results in over load 

6. CONCLUSION 
 

In this study the hydrofoil system for a high speed 

catamaran designed and it was examined in towing tank 

with scale ratio 1 to 11.43. The model in the varied 

three states of loading conditions and two centers of 

gravity for each weight was investigated. These tests 

were done with and without hydrofoils. In total 9 

complete test series were completed. Foil system in over 

load is designed and it was investigated in different 

conditions, in order to verify operation of system in 

different load and sensitivity associated to center of 

gravity shift. According to results, the hydrofoil boat 

function at speed below 20 knot is similar to main one. 

For speeds higher than 20 knot foil assist boat to reach 

plane mode quickly and observations showed that the 

water clears from the tunnel. Also, hydrofoil reduces 

hump trim about 2 degree and thus it increases the 

stability of the boat. Besides, drag has diminished in 

high speed by 50% in over load. Likewise, it meets 40% 

in partial load. By shifting the LCG forward, the hump 

trim and resistance reduces in more than 40 knots. In 

this case the position of center of gravity in front is 

more sufficient. In over load, using foils diminishes 

drag for speeds above 20 knots. The maximum of trim 

has not been decreased in ballast load compared to the 

over load. Furthermore, the resistance has declined 

about 50% at speed 52 knots. 
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 چکیده

. است داده سوق ترکیبی شناورهای از استفاده سمت به را محققین بیشتر بار حمل قابلیت نیز و باال سرعت به نیاز امروزه،

. است شده طراحی هیدروفویل و کاتاماران شناور ترکیب با که است ترکیبی شناورهای انواع از یکی هایسوکت شناور

 همواره مناسب، پایداری و باال سرعت همزمان تامین خاطر به بدنه، چند شناورهای از نوعی عنوان به کاتامارن شناورهای

 دارند نیز باالتری درگ بیشتر ترشده سطح وجود با شناورها این. اندبوده تندرو شناورهای کاربران و طراحان توجه مورد

 با هیدروفویل سیستم طراحی. شودمی شناور درگ کاهش سبب شده کمتر شناور ترشده سطح هیدروفویل کارگیریب با که

 کاتاماران شناور یک در هیدروفویل از استفاده بررسی به مطالعه این در. گیردمی صورت شناور جرم مرکز و وزن به توجه

 و کامل بار سبک، بار)  گوناگون بارگذاری حالت سه در مدل. است شده پرداخته متفاوت جرم مرکز و بار شرایط در تندرو

 روی بر کشش حوضچه در تست کامل سری 9 منظور بدین. است شده بررسی وزن هر برای جرم مرکز دو و( سنگین بار

 ارائه ITTC و فرود مدل از استفاده با اصلی شناور برای نتایج نهایت در و گرفت صورت 34/11 به 1 مقیاس با مدل شناور

 مرکز سبک بار حالت در. شودمی %05 تا درگ کاهش عث با هیدروفویل سیستم از هاستفاد تست، نتایج به توجه با. شد

  .است مطلوب ترعقب جرم مرکز سنگین بار حالت در و جلوتر جرم
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