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SUMMARY 
 
The paper describes some results of hydrodynamic design of a Heavy Air Lift Support Ship (HALSS) large 

trimaran ship capable to handle the C-130J Hercules operations.  
To ensure necessary speed of wind over the deck for aircraft landing and take off operations the HALSS 

trimaran concept is designed to have top speed of 35 knots. 
The paper contains the results of FLUENT, SWIFT, and MQLT CFD analysis relating to  hull form 

development and selection of the configuration parameters. These results were verified by model tests at 
NSWCCD. Tests were performed for HALSS center hull to select different bow sections. Further testing with 
three longitudinal and three transverse positions of the Small Waterplane Area HALSS side hulls was completed at 
different drafts. 

The paper presents the analysis of model resistance test results, which indicate very strong interference 
phenomenon depending on the selection of trimaran configuration parameters.  

The paper also includes the calculation results of  the wave train interaction between the hulls, which for 
certain speeds, sea states, and trimaran configuration parameters increases the amplitude of the standing wave 
along the length of the center hull. 

The work was sponsored by Center for Commercial Deployment of Transportation Technologies (CCDOTT) 
and the Office of Naval Research (ONR. 

 
 

NOMENCLATURE 
 
CF Frictional Resistance Coefficient 
CFD Computational Fluid Dynamics 
CR Residuary Resistance Coefficient 
CT Total Resistance Coefficient 
CV Viscous Resistance Coefficient 
CW Wavemaking Resistance Coefficient 
D Drag (in general) 
Fn Froude Number 
LBP Ship Length between Perpendiculars 
LWL Ship Waterline Length 
PE Effective Power (Resistance) 
R Resistance (in general) 
Rn Reynolds Number 
S Ship Wetted Surface 
V Speed (Velocity) 
X Longitudinal Distance 
Y Transverse Distance 
Z Vertical Distance 
B Hull beam 
CB Hull fullness coefficient 
LT Linear Wave Theory 
NLT Nonlinear Wave Theory 
MQLT Modified Quasi-Linear Theory 
QLT Quasi-Linear Theory 
RANS Reynolds Averaged Navier-Stokes equations   
λ Length of ship passing waves 

 
 
Xo Distance from the center hull bow to the side 
hull bow 
NSWCCD Naval Surface Warfare Center 
Carderock Division 

 
1. INTRODUCTION 

 
Existing and forthcoming markets demand large 

high-speed ships with wide decks for high-speed sea 
transportation of a large amount of high-value and 
relatively light cargo [28, 30, and 39]. A trimaran 
configured from slender hulls is among the best design 
concepts. 

There are various trimaran concepts, already built 
and in design studies [8, 13]. This paper is devoted to 
the trimaran ships with relatively large side hulls, 
allowing the split of machinery propulsion between 
the hulls [38, 18, 19, 37, and 39]. 

Large side hulls add substantial wetted surface 
and consequently require very good hydrodynamic 
design of the hull forms and trimaran hull 
configuration.  

In the general literature [6, 7, 12, 16, 17, 18, 21, 
31, 42] regarding model experiments and calculations, 
it is stated that for a trimaran design with slender hulls 
the configuration of the side hulls is the most 
important parameter in resistance optimization. 



In general for the optimum configuration of the 
side hulls the following issues need to be considered: 
• Deck Area. If the deck area is to be carried well 

forward, then there needs to be support from 
underneath and the side hulls must be extended 
forward to provide this. 

• Speed. There are interference effects discussed in 
the paper herein. 

• Seakeeping. There can be advantages at certain 
headings (for example, in stern-quartering seas) in 
placing the side hulls forward of the center hull 
transom, and in placing the side hulls in different 
position at other headings. 

• Maneuverability. There can be advantages in 
placing the side hulls forward of the center hull 
transom to achieve turning radius requirements, 
and in placing side hulls differently for directional 
stability. 

• Stability. The side hulls’ location and size 
obviously play a major role in stability 
characteristics, particularly in damage stability. 

• Strength. The global strength of the trimaran is 
affected by the size and location of the side hulls, 
in both a longitudinal, transverse, and pitch 
connection sense. 

• Slamming. If the side hulls are positioned far 
from the center hull (to minimize resistance 
interference for example), then the risk of 
slamming of the wet deck between the hulls is 
affected. 

• Internal layout. The layout of the interior of the 
ship is interrelated with the stability, and hence, 
affects the side hulls’ location. 

• Safety. In case of Ro-Pax or Ferries, the 
launching of the passenger evacuation systems 
may impact the size and location of the side hulls. 

• Berthing & Aesthetics. Coming alongside a wharf 
may dictate the size and location of the side hulls 
on a commercial ferry. Besides, there might be 
aesthetic preferences of the operator of the ship. 

• Construction issues. 

In the present paper we would mostly concentrate 
on resistance interference as a major factor 
influencing the Hydrodynamic design of the HALSS 
concept. 

 
 

2. TRIMARAN CONCEPT DEVELOPMENT 
 
For any high-speed ship, hydrodynamic drag is a 

key problem of design. Theoretically, an appropriate 
mutual location of trimaran hulls can significantly 

reduce wave resistance for a narrow range of Froude 
numbers. Practically, numerous design restrictions 
limit longitudinal and transverse distances between the 
side hulls and the center hull. 

Trimaran configurations of minimal wave 
resistance can be predicted by using contemporary 
computer fluid dynamic (CFD) codes. There has been 
significant progress in estimations of these 
components for conventional ships. For ships with 
relatively new hull forms, operating at 
nonconventional high-speed ranges, physical flow 
characteristics can cause unexpected drag. Previously 
reported experimental efforts manifest that wave 
interference between the hulls of the high-speed 
trimaran and running trim of the slender hulls are the 
key factors influencing the resistance characteristics 
[10, 26, 37].  

Usually ships deigned for speed above 30 knots 
have had hulls with the slenderness ratio around 7.  
Modern fast ferries have the slenderness ratio around 
9. Thus, when the speed and the weight of a ship 
increase together, traditional hull shapes must be 
changed and a more slender hull has to be used. A 
good example is that of a typical Ro-Ro vessel with a 
speed of about 20 knots with a block coefficient of 
0.60 and a slenderness ratio of 6.0. The fast (30 knots) 
ferry has a block coefficient of 0.48 and a slenderness 
ratio of 7.5.  Thus a  completely different concept is 
needed for a large fast ship. 

Figure 1 shows the philosophy of the slender hull 
form development with slenderness ratios of 8, 10, 
and 12.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 1: DESIGN PHILOSOPHY OF THE SLENDER HULL 
FORMS DEVELOPMENT ACCORDING TO K. LAVENDER, 1992 

[30]. 

 



 
Using Slender Monohull Research and 

Development (R&D) results as the foundation [30,26], 
a Very High Speed Sealift Trimaran (VHSST) concept 
design has been developed in 1998-1999 [38]. 
 

 
FIGURE 2: PRELIMINARY VHSST CONCEPT DESIGN 

MODEL FOR A 50 KNOT TRIMARAN. 
 

The VHSST-50 calculations and model test data 
were used as a baseline for the design.  In December 
1999 under a CCDOTT funded project, hydrodynamic 
testing at the Naval Surface Warfare Center has been 
conducted to determine the resistance and seakeeping 
capability of  high-speed trimaran models.  A full-
scale trimaran was designed with the center hull 
length of 313 meters.  Resistance tests with different 
side hull configurations at calm water and Sea State 5 
& 7 were carried out with two models that had 
different shapes of the center hull stern.  The model 
center hull length was 6.5 meters (scale ~ 1:50).  

The results of these model tests are described in 
[18, 19, and 39]. 

 
FIGURE 3. VHSST MODEL DURING RESISTANCE TESTS AT 

DAVID TAYLOR MODEL BASIN  ON DECEMBER 1999 [18]. 
 
Figure 4 shows total resistance curves for the two 

VHSST-50 variants with “aft” and “forward” position 
of the side hulls for calm water and Sea State 7 
(significant wave height is 20 feet) based on the 

 
 

model 
test data.  

FIGURE 4:  VHSST-50 RESISTANCE CURVES (MODEL # 
5569 TESTING DATA). 

The results sh  loss in heavy 
seas due to narrow multi hulls and wave-piercing bow: 
the 

 
FIGURE 5:  EFFECT OF SIDE HULLS POSITION RATIO ON 

MEASURED RESISTANCE OF MODEL # 5569A.  ABSCISSA IS THE 
LON

RE  

aspects of Multihull hydrodynamic interference:  
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VHSST-50 Total Resistance, tons

Forward position Aft position
Aft position - SS7

 
ow minimum speed

increase of resistance for SS7 does not exceed 
15% over resistance at calm water. 

Figure 5 shows the resistance interference 
phenomena in calm water. 

 

GITUDINAL POSITIONS OF THE SIDE HULL TRANSOMS 
FORWARD THE CENTER HULL TRANSOM (IN FEET).  ORDINATE 

IS THE RATIO OF TRIMARAN RESISTANCE AT DIFFERENT 
LONGITUDINAL POSITION OF THE SIDE HULLS, TO TRIMARAN 

SISTANCE WITH THE SIDE HULLS AFT.  CURVE “35 KNOTS”
CORRESPONDS TO FULL-SCALE SPEED OF 35 KNOTS, ETC. 

 
N. Armstrong in his notes [9] underlined some 

There are substantial viscous and inviscid 
interference drag effects in the free surface flo
about multihull ships. 

2. Model scale multihull interference effects depend
on trimaran  hull config
stagger and  transverse spacing as well as on 
Reynolds no., and Froude no. 
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3. Trimaran center hull flow distortions differ 
substantially from side hull distortions. The 
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3. HALSS CONCEPT AND PRRELIMINARY 
HULL FORMS DEVELOPMENT WITH CFD 

SION AND ENGINEERING 
STUDIES 

LSS design is the latest evolution of a 
strat gic long-term program to develop high speed 
trim
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influence of side hulls on center hull can be 
assessed by pressure distributions along the 
streamlines. 

4. Multihull flow distortions will interact with hu
propulsor dis
 
The complexity of the 
le
ble methods for decomposing measured drag

scalable components. In [37] this problem has be
analyzed for VHSST by RANS calculations at model 
and ship scale Reynolds no. Based on those 
calculations, it appeared for example that a trimaran 
configuration optimized for model scale is no
for the ship scale. The correlation coefficient 
(different than traditional Correlation Allowance 
Coefficient) was introduced to account comple
phenomenon of viscous-inviscid interference. As wa
shown in [37] by the comparison of VHSST 
calculations and model test results, this interference 
correlation coefficient can have negative valu
resulting in a potentially favorable resistance effect f
trimaran ships. 

The most interesting practical question is how to 
take advantage o

rference between the trimaran hulls to compensate 
for the increase of the wetted surface and re
friction drag associated with very slender hulls over a 
significant range of Froude numbers. At the same ti
the side hulls need to be designed for good stability 
characteristics, flexible arrangement of the machinery 
and payload, better seakeeping, etc. The challenge is
to achieve favorable interference for a practical 
design.  

VHSST results showed that the moderate 
favorable

ible in broad range of speeds, and at certain s
the reduction of resistance can reach up to 30-35%. 
See Figure 5 for speed 35 knots. The systematic series 
testing of different configuration parameters for a 
trimaran with relatively small side hulls [34] showed 
up to 20% drag reduction in a broad speed range. 
Other research [15, 17, 21] report similar figures. In 
all cases these figures are a result of comprehensiv
optimization studies and application of CFD tools. 

In a further section of the present paper we 
discuss results of recent studies as part of the HALS

aran concept evaluation. The resistance 
interference impact for HALSS is much higher than 
on previous trimaran designs.  The beneficia

interference of this makes HALSS and trimaran ships 
in general very competitive candidates for futu
applications. 

 

CALCULATIONS 
 
3.1 HALSS MIS

 
The HA
e
aran technology.  This technology development 

has been an important part of research sponsored by
the Center for Commercial Deployment of 
Transportation Technologies (CCDOTT), a Research
and Development program administered thro
Office of Naval Research by California State 
University – Long Beach Campus.  

 The concept of the HALSS is to prov
support for military elements in seab

il  and focused logistics during the undertaki
of expeditionary warfare missions.  As conceived, th
initial role of a HALSS ship will be to provide support 
as a high-speed platform for an early insertion of all 
aspects; personnel, equipment, supplies, and logistics 
of a military force deployment.  A subsequent role fo
a HALSS ship, in its seabasing capacity, is as a 
versatile, mobile, high-speed platform in support of a 
multi-mission military force during an extended 
deployment in theater. 

The HALSS concept design is a 35-knot ship
capable of delivering ea

 miles inland from a floating base 100 miles 
offshore.  This is accomplished by loading, fueling, 
launching, and recovering C-130J aircraft, while 
carrying enough cargo, troops, and fuel to allow the 
aircraft to move 8,000 tons of troops and materiel 
the Joint Operating Theater, 300 nautical miles away
during 10 days of flight operations. The ship can also
launch and recover US Army Hover Barges and 
helicopters, and accomplish a Strategic Mobility and 
Combat Logistics mission such as the transport o
Marines and their helicopters or potential US Army 
Advanced Afloat Forward Staging Base equipment

The HALSS trimaran design has various elemen
maximized to provide the necessary performance 

acteristics and capacities for it’s wide range of 
mission requirements. One aspect of the HALSS 
trimaran is an 185,900 ft2 flight deck to accommoda
both fixed wing and rotary winged aircraft operati

 



from an advanced Sea Base posture.  The HALSS 
trimaran concept offers a large flight deck operations 
area, with a relatively long runway length suitable f
the operations of C-130J and KC-130 fixed wing 
aircraft.  The C-130J, Hercules, is a tactical cargo and 
personnel transport aircraft while the KC-130 vari
is a multi-role, multi-mission tactical tanker/transport. 

Also, HALSS will be deployed with the CH-46, 
Sea Knight, a multi-mission, combat logistics support, 
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FIGURE 6. HALSS PROFILE AND F GHT DECK (EARLY ENTRY MISSION) 

HALSS baseline machi
show n Figure 7. This Figure shows the following:  
• -
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ical replenishment, search and rescue, special 
operations, cargo and troop transport helicopter.  The 
relatively stable nature of the trimaran design with
roll and pitch motions in a seaway is expected to offer 
the seakeeping and stability characteristics that are 
especially well suited for flight deck operations. 

Also, the relative stability of the HALSS trimar
makes it an ideal design choice for another of the

SS ship’s function, which is as accommodations 
and mission support for up to 1700 troops.  The 
HALSS trimaran concept has relatively large cargo 
and warehouse capacity to provide for the logisti
support needs of extended troop deployments.  The 
HALSS trimaran concept is designed to have top 
transit speed of 35 knots. 

 

The general arrangement of the HALSS with C-
130J airplanes is shown in Figure 6. 

The Flight Deck can store up to six C-130J 
aircraft during launch and recovery operations.  Six 
aircraft can easily insert troops and materiel at a rate 
of 800t per day.  The flight deck elevation of 18.5m 
(60ft) above the water assures that salt spray will be 
very rare, permitting stowage of aircraft in the weather 
both in transit and during Sea Base flight operations.  
One storage position is a hangar for light maintenance 
work that is protected from the weather, two other 
positions are for loading cargo and fuel, and three 
other positions are exposed parking areas which could 
be used for cleaning and maintenance not requiring 
protection from the weather.  All except the hangar 
position s would be ideal for MV-22 OSPREY 
operations since they have no below-deck heat 
concerns.  

In the course of engineering studies the mission 
capabilities have been expanded, the required hull 
form characteristics have been refined, and the 
suitability of damaged and intact stability and 
speed/power requirements has been confirmed 
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Two 2-stroke diesel engines, Wärtsilä 14RTA
96 or equal, 80MW @ 102RPM, driving the 
two center hull propellers which would each be
about 9m diameter. 

• Four 4-stroke Diesel Generator sets, Wärtsilä 
18V46 or equal, 20.8
pair of DG sets drives a 38MW electric motor in
each of the side hulls, driving a fixed-pitch 
propeller or CPP at 180 RPM.  The DG sets are 
located in the center hull; the motors are in e
side hull. 

 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 7. CENTER HULL MACHINERY ARRANGEMENT  

- SECTION AT WARTSILA RTA-96 DIESEL 

 



3.2 HULL FORMS DEVELOPMENT: CFD 
APPLICATION 

As a 
 

ations, including MQLT and 

d 
tailed 

er 

 
result of HALLS concept evaluation, HALSS 

hull form development was provided with the limited
use of CFD calcul
FLUENT RANS codes. MQLT is a numerical 
technique for high-speed trimaran resistance 
calculations [2–5]. The technique is based on the 
modified viscous-inviscid interaction concept an
quasi-linear theory of wave resistance. More de
application of MQLT is in section 5.1.  

The selection of trimaran configurations (stagg
and spacing of the side hulls) has been made with use 
of hydrodynamic flow analysis around the center hull 
in the presence of the side hulls. For the flow 
calculations and corresponding streamlines and 
pressure distributions, we used the commercial code 
FLUENT. The results of  our latest CFD RANS 
calculations are presented below:  

FIGURE 8. STREAMLINES ALONG THE HALSS BASELINE 
CENTER HULL 

 

FIGURE 10. STREAMLINES AND PRESSURE DISTRIBUTION IN 
HALSS CENTER AND SIDE HULL SECTION VIEW 

F

F

IGURE 11. PRESSURE DISTRIBUTION ALONG THE STREAMLINE 
AT THE HALSS CENTER HULL AND SIDE HULLS - AFT 
 

IGURE 12. PRESSURE DISTRIBUTION ALONG THE STREAMLINE 
AT THE HALSS CENTER HULL AND SIDE HULLS - MIDDLE 

FIGURE  9. STREAMLINE ALONG THE HALSS SIDE HULL 
 

 



FIGURE 13. PRESSURE DISTRIBUTION ALONG THE STREAMLINES 
AT THE HALSS CENTER HULL IN PRESENCE OF THE SIDE HULL 

IN MIDDLE POSITION 
 
The results presented in Figures 8-13 show the 

middle longitudinal position of the side hulls where 
the pressure gradients appeared to be minimal in 
comparison with other longitudinal staggers. This 
middle position was chosen to be the baseline for the 
HALSS configuration and proved to be very efficient 
from the minimum resistance point of view as 
described in the next section. 

After analysis of these calculations the following 
conclusions can be made: 

• CFD results considerably helped the initial 
design of the Trimaran hull forms. However, non-
viscous calculations are not sufficient to optimize the 
skeg design and assess skeg – stern interference. For 
example, comparison of the streamlines for different 
skeg designs showed very little difference which 
makes stern-skeg design improvement difficult.  It is 
necessary to apply the power of modern RANS 
viscous flow calculations for this type of basic hull 
form development problem. 

• FLUENT calculations showed more 
favorable character of the water flow by moving the 
side hulls forward. This move eliminated the positive 
pressure gradient distribution at 1/3 of the center hull 
length. The positive pressure gradient (the 
acceleration of the flow) can cause additional vortices 
that can negatively influence the boundary flow at the 
stern.  If the positive gradient happens in the aft part 
of the hull ahead of the stern, it can cause the 
separation of the boundary layer and a sharp increase 
of the viscous resistance; the latter happens when the 
length to beam ratio is small, which is not the case for 
slender hulls like HALSS. 

 The MQLT calculations of resistance also 
showed the advantage of moving the side hulls 
forward.  From the design perspective this location is 
favorable. It helps to improve the structural support of 
the flight deck with a simultaneous reduction of the 
side hull length and corresponding weight 
improvement. This issue of the optimum position of 
the side hulls stimulated investigations during the tests 
in the Carderock model basin. This data can be used 
for additional verification of different CFD tools. 

Another obligatory area of CFD application in 
trimaran hull form development is seakeeping. For 
example, the seakeeping considerations to be 
accounted for in hull for optimization include the 
phenomenon of the wave train interaction between the 
hulls.  The amplitude of the standing wave along the 
length of the center hull for certain hull configurations 
is of concern. The amplification of center hull waves 
leads to additional bending moment in the hull girder 
loads and a wave trough in way of the propellers can 
induce excessive amounts of propeller emergences. 

The determination of the wave profiles that 
describe the interaction of incoming sea state waves 
with the hulls are not a simple task. The animation 
files, calculated with WASIM methodology [24] are 
time dependent, so there is an independent wave 
profile for each time step. In our case, the time series 
is 600 seconds long with a 0.2 second time step; 
therefore, there are 3000 time steps that need to be 
evaluated. The results of stagger configuration 
parameter are presented below. 

 
FIGURE 14:  SUMMARY WAVE PROFILES ALONG HALSS 

CENTER HULL AS RESULT OF INCOMING WAVES AT SEA STATE 
5 AND TRIMARAN HULLS GENERATED WAVES AT SPEED 35 

KNOTS. 
 
 The wave through can lead to a sharp 

increase in the number of center hull propeller 
emergences. For HALSS this threat is minimized by 
the selection of the middle longitudinal stagger 
position. The calculations [25], presented in the in 
Figure 14 clearly show that this problem can occur at 
maximum aft (stagger 0) and maximum forward 

 



(stagger 0.8) longitudinal positions of the side hulls. 
Therefore, the HALSS baseline stagger parameter wa
chosen as  0.3.  

 The con
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clusion is that wave train interaction 
can ve

 

4. TEST RESULTS AND OBSERVATIONS 

are hull resistance experiments were conducted 
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ha  large impact on trimaran performance. This 
phenomenon needs to be properly assessed during the 
trimaran hull form development design stage and can 
guide the choice of trimaran hull configuration. 

 

 
B
he HALSS trimaran, a Heavy Air Lift Support 

Ship, as represented by Model 5651.  During the firs
phase of testing, using just the HALSS center hull, 
two different bow sections, stem and bulbous bow, 
where tested. Further testing was completed with the 
HALSS center hull only, fitted with the best 
performing bow section and twin skegs, at tw
different drafts.  The purpose of the second phas
testing was to investigate the resistance characteristic
of the HALSS trimaran characteristics of three 
different center-hull-to-side-hull draft variations
These experiments were completed with HALSS 
center hull drafts of 11 meters and 12 meters and 
various shallower side hull drafts with a matrix of 
three longitudinal and three transverse side hull 
configurations.  

 
4
ERIMENTAL PROCEDURE 
 
M
ept ship is made to a scale ratio (λ) of 54.0. 

Model 5651 consisted of three separate hulls, one 
center hull and two identical side hulls, connected 
together with aluminum cross structure pieces into a 
trimaran.  The center hull was constructed to allow fo
the testing of two different bow sections.  The 
removable bow sections were of a stem bow an
bulbous bow types.  Also, the center hull was fitte
with twin removable skegs so that the bare hull 
resistance of the center hull could be experiment
determined. The two smaller side hulls were attached
to the center hull, to form the trimaran configurations, 
using two rigid aluminum extrusions as cross 
members attached with manufactured plates an
brackets. Dry dock photographs of Model 5651, 
representing HALSS, are shown in Figure 15 and

 
FIGURE 15 HALSS MODEL 5651 – BOW VIEW 
 

 
FIGURE 16. HALSS TRIMARAN MODEL 5651 – STERN VIEW 

 
Figure 17 presents a sketch of Model 5651 

showing the relative locations of side hulls that were 
tested 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 17:  SKETCH OF MODEL 5651 SHOWING RELATIVE 

LOCATIONS OF SIDE HULLS AS TESTED. 
 
 

 



  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The test cases of the HALSS model are shown 
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.2 RESULTS AND CONCLUSIONS 

he photographs of HALSS model experiments 
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able above. of the experimental agenda 
outlining all HALSS center hull to side hull 
variations tested with Model 5651.  For each
experiment, the model was restrained in surge
and yaw, but was free to pitch, heave, and roll.  
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eed 35 knots are shown in Figures 18-20. 
 

 
 

F 18. C H @ 11.5 D . S
ULLS IN MIDDLE  LONGITUDINAL & INBOARD 

ANSVERSE LOCATION @ 7.5 M DRAFTS - 35 KNOT  
 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
FIGURE 19. CENTER HULL @ 11.5 M DRAFT. SIDE 

HULLS IN AFT LONGITUDINAL & INBOARD 
TRANSVERSE LOCATION @ 7.5 M DRAFTS - 35 

KNOTS 

 
FIGURE 20. CENTER HULL @ 11.5 M DRAFT. 

SIDE HULLS IN FWD LONGITUDINAL & INBOARD 
TR

Test
Experiment Test nter hull Side hull

Number Description Draft Draft Stagger Spacing
(m) (m) (m) (m)

1 Bare hull @ WP Bulb bow 11.5 n/a n/a n/a
2 Bare hull @ Stem bow 11.5 n/a n/a n/a
3 Hull & Skegs @ WP Bulb bow 11.5 n/a n/a n/a
4 Hull & Skegs @ WP Bulb bow 12.0 n/a n/a n/a
5 Baseline Middle Stagger 11.5 7.5 Middle - 50.

ANSVERSE LOCATION @ 7.5 M DRAFTS - 35 
KNOTS 

Ce

0Inboard - 23.7
6 Spacing @ Middle Stagger 11.5 7.5 Middle - 50.0Middle - 28.8
7 Spacing @ Middle Stagger 11.5 7.5 Middle - 50.0Outboard - 35.0
8 Fwd position 11.5 7.5 Fwd - 100.0 Inboard - 23.7
9 Aft position 11.5 7.5 Aft - 0.0 Inboard - 23.7

10 Aft position 11.5 7.5 Aft - 0.0 Middle - 28.8
11 Side hull Draft Change 11.5 9.5 Middle - 50.0Inboard - 23.7
12 Draft Change 12.0 10.0 Middle - 50.0Inboard - 23.7
13 Side hull Draft Change 11.5 11.5 Middle - 50.0Inboard - 23.7

Trimaran Configuration
Side Hull Position
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   TABLE 1 – Test Agenda 

 



 
 

ull scale resistance predictions are presented in 
Figu s 21 through 26 

FIGURE 21.  PREDICTED EFFECTIVE POWER (PE) FOR 
HALSS, VARIOUS CONFIGURATIONS OF THE CENTER HULL 

 be 
conc d that the bow profile is an important 
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 sea 
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FIGURE 22. PREDICTED EFFECTIVE POWER (PE) FOR 
HALSS, TRIMARAN CONFIGURATION WITH SIDE HULLS AT 

MIDDL  

FIGURE 23. PREDICTED EFFECTIVE POWER (PE) FOR 
HALSS, TRIMARAN CONFIGURATION WITH SIDE HULLS AT 

IN
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ONLY, AS REPRESENTED BY MODEL 5651. 
 

Comparing Tests 1 and 2, it can 
lude
ent of t e High Speed trimaran hull 

development. In designing the bow profile it is 
necessary to consider minimal resistance in calm
and added resistance in waves; motions and 
accelerations, slamming and bow emergence. The 
Wave Piercing Bow Bulb of the VHST type 
chosen for our multiple applications and proved to 
be very efficient in HALSS concept. 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

E LONGITUDINAL AND THREE TRANSVERSE LOCATIONS
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

BOARD TRANSVERSE AND THREE LONGITUDINAL 
LOCATIONS 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 24. PREDICTED EFFECTIVE POWER (PE) FOR 
HALSS, TRIMARAN CONFIGURATION WITH SIDE HULLS AT 

AFT LONGITUDINAL AND TWO TRANSVERSE LOCATIONS 
 

FIGURE 25. PREDICTED EFFECTIVE POWER (PE) FOR 
HALSS, TRIMARAN CONFIGURATION WITH SIDE HULLS AT 

BOARD TRANSVERSE AND MIDDLE LONGITUDINAL 
LOCATION WITH VARIOUS DRAFTS 
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Based on model test results the following 
clusions can be made: 

st of all, the HALSS test result•
reliability of the HALSS powering predictio
• The most efficient configuration appea

to be in m imal transverse spacing. This important 
finding for the Small Waterplane Area (SWA) type 
of si  hde ull is not observed for conventional types of
trimaran side hulls [18, 19], which were investigated
and tested earlier in previous studies.  More CFD 
work is necessary to understand the physics of this 
phenomenon.  

• Longitudinal positioning of the side hulls to 
the middle stagger position was based on theoretica
predictions and FLUENT analysis. The model tests 
validated the computational guidance by comparison 
of Effective Power for different staggers in Test #5 
for the baseline HALSS configuration to tests #8 and 
#10 for Aft and Fwd side hull positions shows that 
the difference in Effective Power reached 80-90%. 
This result requires further extensive CFD analysis, 
which has been started and is presented in the next 
section. Hull interaction phenomenon, when 
properly understood, can potentially lead to the 
development of new design concepts. It is important 
to note that the large beneficial interaction effect 
associated with the HALLS configuration has no
been observed in the past. 

• The design approach for the wave-piercing 
bow bulb, developed for the High Speed Trimarans
in the course of the previous studies, proved to be 
very fic ef ient for the HALSS. In comparison with 
the stem bow (no bulb, Exp 2), the Wave-Piercing 
Bow Bulb (Exp 1) gave about a 9% reduction of 
resistance for all speeds.  

• The viscous-inviscid interference between 
the center hull stern and skegs appears to have been
underestimated. Further work should be aimed at 
making improvements in the Center hull stern, thus 
improving resistance of the center hull with skegs 
(Exp 3) in comparison bare hull (Exp 1). This should
be done even considering the fact that this 
unfavorable skeg – center hull stern interaction was 
substantially reduced in the trimaran configuration 
with middle stagger.  

 
 The HALLS model test results have 

demonstrated that a trimaran can be designed such 
that favorable hydrodyn

e e hull drag. For example at the 32 to 
knot speed, ,the resistance of trimaran, Exp 5 is 

 



equal to resistance of the center hull, Exp 3. The 
maximum draft between the two cases was the 
same,. In the trmaran configuration there was 18
more displacement yet the drag was the same as th
of the center hull! 

It is a common point of view [9] that successful
design of the ttrimaran hulls is accomplished when 
the interference dra

% 
at 

 

g between hulls is zero. This 
mea
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NALYSIS OF 
RESULTS: MQLT AND SWIFT 
APPLICATION 

esistance calculations were based on the 
MQ cribed in [2-5, 37]. 
The ey element of the technique, which is called 
the M thod, 

QLT 

drag 

 and 

 resistance (including the transom’s 

nal resistance variation due to 

d 
ary drag 

coef

 a 

nsions were L=193m, 
B=7

agger - 
rence 

d 
n 

coef t 

, 

 of 

ns that the resistance of the trimaran is equal to 
the resistance of the center hull plus resistance of the
side hulls when each is operating alone. In the 
HALSS design model tests showed that favorable 
interference can totally offset the side hull drag.  

The design refinement and analysis of HAL
model testing data have confirmed that the HALSS
hull configuration and side hull locations are near

mum and indicate sufficient margins to permit 
some reduction of the space between hulls with a 
negligible resistance penalty.  However, these tests
showed that the twin-skeg center hull stern design 
were not optimal, giving a relatively high increase
resistance over the bare hull and poor wake 
characteristics. At present the methods of improvin
performance in the above areas of concern, have 
been evaluated and recommended modifications
under investigation. 

 
 

5. CFD RESISTANCE A

 
5.1 MQLT ANALYSIS 
 
R
LT method previously des
k

odified Quasi-Linear Theory (MQLT) me
accounts for the Froude number influence on ship 
trim, transom drag and wetted surface. This 
influence leads to the appearance of a drag 
component that significantly depends on both 
Reynolds number and Froude number. The M
calculations of residuary drag for trimaran 
configurations take into account the following 
components: 

• Wave resistance at its dynamic trim
sinkage; 

• Form
contribution); and 

• Frictio
dynamic variation of the wetted surface.  

The following comparison of computed an
measured results is provided for the residu

ficient CR that is the direct result of drag 
measurements at the various model speeds. The 
calculated and experimental data are presented as
function of full scale speed. 

The center hull beam B=25m, its draft 
T=11.5m. The side hull dime

.7m, T=7.5m, but their widest part is 
substantially below the free surface. Their 
longitudinal positions can be defined by st
differences of the stern abscissas. This diffe
was 0 for Aft Position, 50m for Middle Position an
100 m for Forward Position. The distances betwee
vertical symmetry planes of the center hull and the 
side hull were 23.7m, 28.8m and 35m for Inboard, 
Middle and Outboard positions correspondingly.  

According to the traditional assumption, the 
residuary drag coefficient CR is a sum of two other 

ficients: Cw and CF=KFCf, where Cf is the fla
plate friction coefficient and a constant KF can be 
experimentally determined at a small Froude number 
(Fr<0.15). In reality, the Fr-dependent ship sinkage
shown in Figure 26, affects both drag components. 
The sinkage-caused increase of wetted surface also 
contributes to measured drag because sinkage-
caused increase of friction was also considered as a 
contribution to residuary drag. The computation
sinkage in Figure 26 was provided by a boundary 
element method with the further limitation of 
pressure increase over the stern by free-surface 
pressure. 
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FIGURE 26: MEASURED SINKAGE DdZ OF THE MODEL 

BOW AND STERN EXTRAPOLATED TO FULL-SCALE SPEED 
(SYMBOLS) AND COMPUTED SINKAGE OF THE WEIGHT 

CENTER (WITH A BOUNDARY ELEMENT METHOD OF IDEAL 
FLUID THEORY, CURVE). 

 

 



Looking in Figure 27, one may say that such an 
appr

ation 
oach is good enough for the center hull in 

general, though there is a small drag underestim
for the speed around 32 knots.  
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FIGURE 27: COMPUTED AND MEASURED RESIDUARY 

DRAG

 
 trimaran with the center hull equipped with 

the t .  

be a

unt of sinkage (and trim) 

e linear theory (thin body 
theo  
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re 

of mutual hull location on the 
resid   

to 10 

 OF THE 5651 CENTER HULL WITH SKEGS (EXP 3) AND 
WITHOUT THEM (EXP 1) 

A
win skegs is considered as a five-hull ship here
There are two computational aspects which may 
rbitrarily chosen for such ship in the framework 

of both Quasi Linear and Li near theories. 
1) Selection of surfaces for source 

distribution,  
2) Acco

dependencies.  
According to th
ry), the symmetry plane is the place for the

hydrodynamic sources. One may, however, supp
that the narrow gap between their sides (dy=7.5m 
for Exp.5 corresponding to the distance dy=23.7m 
between symmetry planes of the hulls) would better 
describe the wave interaction than the distance 
between symmetry planes, but, as shown in Figu
28, the dy variations do not make any difference in 
the computed Cr (the traditional distribution over 
symmetry planes is even slightly better). On the 
other hand, as shown in Figure 29 taking into 
account the sinkage significantly influences the Cr 
values. 

The effect 
uary drag is shown in Figures 30-32. The

configurations corresponding  to experiments 5 
are described in Table 1. The measured sinkage was 
used for modifications of the submerged hull part 
with Fn variation. 
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FIGURE 28. EFFECTS OF SELECTION OF PLANE FOR 

SOURCE DISTRIBUTION 
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FIGURE 29. EFFECTS ON SINKAGE ACCOUNT ON CR 
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FIGURE 30: INFLUENCE OF LONGITUDINAL LOCATION 
OF SIDE HULLS ON TRIMARAN RESIDUARY DRAG 
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FIGURE 31: INFLUENCE OF TRANSVERSAL LOCATION OF 

SIDE HULLS ON TRIMARAN RESIDUARY DRAG 
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FIGURE 32: INFLUENCE OF LONGITUDINAL LOCATION 
OF SIDE HULLS ON TRIMARAN RESIDUARY DRAG 

 
One can see a very satisfactory agreement of the 

QLT computation with experimental data in the 
whole range of speed for the middle longitudinal 
position of side hulls (Experiments 5, 6 and 7) with 
a small underestimation of the residuary drag around 
22 knots. However, there are significant 
underestimates of the drag coefficients for both aft 
longitudinal positions (for speed over 34 knots) and 
forward position (in the speed range between 32 
knots and 40 knots).  

This underestimate is not caused by the wave 
energy limitation in QLT because, as shown in 
Figure 33, linear theory also underestimates the 
wave resistance (and, as a result, the residuary drag 
coefficient). Thus, the Fn-dependent difference 
between measured and computed drag is associated 
with the energy of waves propagating behind the 
ship in her wake. 

However, where is this energy spent? An 
answer can be found in the comparison of free 
surface in experiments 5 and 8-10 at the Fn value 
corresponding to the full-scale speed 35 knots, 
Figures 30, 32. There are wavebreaking regions 
behind the transom in  experiment 8-10 and there is 
no any wavebreaking in  experiment 5-7. See also 
Figures 18-20. 

0
0.5

1
1.5

2
2.5

3
3.5

4

15 20 25 30 35 40 45

Speed, knots

C
R
*1

03

MQLT calc Exp 10 LT calc Exp 10 Exp 10

 
FIGURE 33: COMPARISON OF THEORETICAL AND 

EXPERIMENTAL DATA FOR THE EXPERIMENT 10. 

 
Comparing the drag underestimate in Figures 

30-32, it can be concluded that this difference is 
associated with some unfavorable distances between 
the bows of side hulls and the center hull stern.  

Attributing this underestimate (plotted in Figure 
34) entirely to the wavebreaking, one can compare 
the wavebreaking drag coefficient for different 
experiments.  

Figure 34 shows that the wavebreaking drag 
maxima occur at =λ, whereas the entire range 
of the unfavorable distances looks to be the 
following:   

SB
CSX

 
gUX SB

CS /)5.25.1()25.175.0( 2
∞÷=÷= πλ

  
The comparison of Liner theory and 

experiments for another variant of trimaran data [31] 
also exhibits the ranges of drag underestimation 
supposedly caused by the unaccounted 
wavebreaking.  
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FIGURE 34: ESTIMATION OF WAVEBREAKING DRAG FOR 

SEVERAL POSITIONS OF TRIMARAN SIDE HULLS 
 
Although there are already several successful 

examples of the drag computation for ships with 
breaking transom waves with use of RANS CFD 
methods [41], a direct CFD approach for 
optimization with comparison on numerous shape 
variants is not affordable. This problem needs 
resolution because the restrictions on the 
unfavorable mutual location of the hulls would 
become actual in optimization of multihulls in the 
foreseeable future. 

 
 
5.2  SWIFT ANALYSIS 
 
The numerical panel code SWIFT was 

developed to compute the free surface flow around a 

 



steady moving ship [29].  SWIFT is based on the 
free-surface potential flow theory, and adapts a 
boundary element method in which simple Rankine 
sources are distributed on panels on both the ship 
hull and free surface.  This approach is thus reduced 
to a typical boundary value problem, which is 
numerically solved to determine an unknown 
singularity distribution over the boundary surface of 
the fluid domain.  Once the singularity distribution 
is determined by solution, the hydrodynamic 
quantities of interest, the velocity and the pressure, 
are also determined.  The integration of the hull 
surface pressures gives forces and moments on the 
ship.   The mathematic formulation to solve this 
boundary value problem which is used to model free 
surface potential flow around a ship hull has been 
described in [29]. Besides computing wave-making 
resistance, several numerical features have been 
implemented in SWIFT which included modeling a 
transom stern, sinkage/trim computation, and a 
propeller disc simulation.  It also has the capability 
to handle multiple sets of panels to represent 
complicated ship geometrical hull shapes including 
multihulls.  Validations of the SWIFT computer 
program have been continuously performed at the 
David Taylor Model Basin by comparing its 
computation results with the model test results. 

SWIFT uses higher-order curved panels to 
represent the ship surface, instead of flat panels.  
The use of curved panels reduces the geometric 
discontinuity (leakage) experienced by the usual 
faceted flat panel approximations.  The distribution 
of singularity strengths is assumed to be linear in the 
case of a source network and quadratic in the case of 
a doublet network.  This gives the full power of the 
higher-order singularity panel method.  These 
numerical treatments adopted in SWIFT improve the 
computational accuracy and produce robust 
numerical results.    A body-fitted free surface panel 
generation system is built into SWIFT which does 
not require any user interaction.  These body-fitted 
panels are created using a one-sided hyperbolic-
tangent distribution. 

SWIFT does not have the ability to predict wave 
breaking, but since it is a numerical panel method, 
the near field is resolved nicely.  This means that 
large humps and hollows in the free surface can be 
predicted.  This will help in the computations of the 
flow interactions in the case of a trimaran. 

 
 
 

For this set of trimaran computations, the effects 
of side force generated by the side hull have not 
been accounted for.  The current SWIFT code has 
the capability to include the side force effect on the 
side hull.  It can be included in the future.  The 
trimaran was free to sink and trim in the SWIFT 
computations 

The effect on residuary resistance of 
longitudinal side hull placement is shown in Figure 
35 for both SWIFT computations and experiments.  
The configurations correspond to tests 5, 8, and 9.  
The computed CR values for the side hull in the 
middle and aft locations compare well with the 
experiment results.  The SWIFT computations for 
the side hull in the forward location did not compare 
as well with the experiment results. The SWIFT 
results showed a hump at around 32 knots and a 
hollow at around 38 knots that was not shown in the 
experiment results.  

The effect on residuary resistance of transverse 
side hull placement is shown in Figure 36 for both 
SWIFT computations and experiments.  The 
configurations correspond to tests 5, 6, and 7.  
Between 20 and 29 knots, both the SWIFT results 
and the experiment results show that the most 
inboard location had the highest residuary 
resistance, and between 30 and 44 knots had the 
lowest residuary resistance.  The ranking in the 
residuary resistance from SWIFT and experiments 
between the intermediate and outboard locations did 
not agree, however resistance variations were small. 

 
FIGURE 35. RESIDUARY RESISTANCE COEFFICIENT 

VERSUS SIDE HULL LONGITUDINAL LOCATION FOR SWIFT 
AND EXPERIMENT RESULTS 

 

 



 
FIGURE 36. RESIDUARY RESISTANCE COEFFICIENT 

VERSUS SIDE HULL TRANSVERSE LOCATION FOR SWIFT 
AND EXPERIMENT RESULTS 

Figures 37-39 show the free surface elevations 
for the three side hull longitudinal locations 
computed by SWIFT at a ship speed of 38 knots.  
The configurations correspond to tests 5, 8, and 9.  
In Figure 39, the side hull is in the aft most location, 
in Figure 40, the side hull is in the middle, and in 
Figure 41, the side hull is in the forward most 
location.  Note that the large peak in the free surface 
just aft of the stern when the side hull is in the aft 
location is substantially reduced when the side hull 
is in a more forward location.  This compares well 
with the photographs from the experiments shown in 
Figures 18 and 20.  The free surface pattern around 
the side hull is significantly asymmetric when the 
side hull is in the forward most location.  Large 
differences in the free surface may indicate that the 
side hull is generating side force .This effect is not 
being accounted in the SWIFT computations, and  it 
may explain the noticeable differences between the 
residuary resistance experiment results and the 
SWIFT results when the side hull is in the forward 
most location. 

 
FIGURE 37.  FREE SURFACE ELEVATIONS FROM SWIFT 
WITH THE SIDE HULL IN THE AFT LONGITUDINAL 

LOCATION AT 38 KNOTS 

 
FIGURE 38. FREE SURFACE ELEVATIONS FROM 

SWIFT WITH THE SIDE HULL IN THE MIDDLE 
LONGITUDINAL LOCATION AT 38 KNOTS 

 

 
FIGURE 39. FREE SURFACE ELEVATIONS FROM 

SWIFT WITH THE SIDE HULL  IN THE FORWARD 
LONGITUDINAL LOCATION AT 38 KNOTS 

 
 

CONCLUSIONS  
The HALSS design is one with some very 

unusual constraints. It is a design driven by the need 
to obtain a very long and very wide flight deck, a 
very high top speed, a transverse stability that can 
accommodate heavy loads on the deck, and hull 
geometry and size that can be constructed in a U.S. 
Shipyard. Thus it is to be expected that the 
hydrodynamic performance of this design will be 
less than that of a similar size design, whether 
trimaran or monohull, that is prepared solely for the 
purpose of transporting general cargo or containers. 

Nevertheless, even with the design constraints, 
it was recognized that the hydrodynamic 
performance needs to be optimized. Thus model 
testing was performed with variations on the side 
hull position both longitudinally and transversely 
and also with variations on the side hull draft. The 
most notable test result was the huge powering 
penalty incurred by the aft and forward side hull 
position relative to the middle position.  

Thus, the purpose of resistance experiments is 
to discover if certain calculations are adequate with 
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rd to predicting this remarkable interference 
phenomenon. The magnitude of the beneficial 
interference effect was unknown prior to the HAL
model testing. 

The conclusion based on CFD calculations and 
comparison with

 can capture the interference phenomenon, but 
may not able to get quantitative agreement. We 
think that in case of unfavorable interference we are 
dealing with stern/transom wave breaking, which 
almost doubles the resistance relative to the optimal 
middle position  

A mistake in configuration design can be so 
critical that it mig

asible design, even if cargo arrangement, 
seakeeping, and structural advantages suggeste
stagger position that is non optimal from the 
resistance point of view. 

As for practical design guidance, we prob
can say that it is obligator

 regard to the interference phenomenon. Key 
details are the gradients of pressure distributions 
along the streamlines of the center hull in presence
of the side hulls at different positions. In design 
practice there will be problems with accurate 
calculations of wave breaking especially at the hu
transom. However, the current computer codes
help identify the optimal stagger position. 
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