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ABSTRACT 
 
The ever-growing yachting industry has come to play an important role in the maritime sector, resulting in 
an increasing demand for highly technologically advanced cruising and racing sailing yachts. In the aim of 
producing faster yachts and faster sails designers and sailors has come a long way understanding the 
science of sailing. While the theories and reality of airflow around one or more sails is widely explored the 
influence of introducing another yacht in close proximity is however not. 
 
The principal value of investigating the influence of interaction between yachts would apply to methods of 
using this knowledge to create an advantage in a racing situation. In extension practical applications would 
be on-board decision support software rather than progression of yacht and sail design. 
 
The aim of this thesis project is to create a greater understanding for the phenomena of interaction and 
how to better predict the effects of interaction by conducting a series of experiments in The University of 
Auckland Twisted Flow Wind Tunnel. A general approach to the problem was used including 
investigation of obvious factors such as the yachts relative position, sail trim and wind angle but also more 
specific factors such as heel angle and sail design were considered. 
 
After establishing the distribution and range of significant interaction influence, a 3-dimensional flow field 
mapping was performed following an investigation attempting to quantify the influence of 2-dimensional 
versus 3-dimensional effects. Evaluation of different techniques for measuring interaction and the 
accuracy of the measurements has been fundamentally important throughout the project.  
 
The results, presented as a summary of performed wind tunnel tests, show the effects of interaction that 
may be experienced for a specific sailing scenario (Stage 1) and how the theory of interaction may be 
approached in three dimensions (Stage 2). 
 
The implication of these results reveals the difficulty of fully explaining all aspects of the interaction 
phenomena or even more so creating a theoretical model valid for all conditions and scenarios. With 
consideration made to the limitations and possibilities of an creating an empirical model addressed in this 
report extensive full-scale testing may however serve as sufficient input to future decision support 
software. 



ABSTRAKT 
 
Den växande fartygsindustrin riktad mot den icke-kommersiella marknaden har kommit att spela en allt 
viktigare roll i den marina sektorn, vilket gett upphov till en ökad efterfrågan på högteknologiskt 
avancerade fritids- och kappseglingsbåtar. Med ambitionen att utveckla snabbare segelbåtar och 
effektivare segel har konstruktörer och seglare kommit långt när det gäller att förstå vetenskapen bakom 
segling. Hur strömningen kring ett eller flera segel fungerar är vida utforskat både teoretiskt och praktiskt, 
det är däremot inte effekterna av att introducera ytterligare en segelbåt i närheten av en annan. 
 
Den främsta nyttan med att undersöka påverkan av interaktion mellan segelbåtar gäller metoder att kunna 
använda denna kunskap för att skapa ett övertag i en tävlingssituation. I förlängningen skulle en praktisk 
applikation kunna vara mjukvara för beslutsstöd ombord snarare än utveckling av båtar och segel. 
 
Syftet med detta examensarbete är att skapa större förståelse för fenomenet interaktion mellan segelbåtar 
och hur man kunskap om hur man bättre kan förutsäga effekterna av interaktion genom utförande av ett 
antal experiment i vindtunneln på The University of Auckland. Ett allmänt förhållningssätt till problemet 
har använts med hänsyn tagen till uppenbara faktorer så som båtarnas relativa position, segeltrim och 
vindvinklar men även andra faktorer som till exempel krängningsvinkel och segeldesign beaktades. 
 
Efter att ha fastställt fördelning och utbredning av det område där interaktion har betydande påverkan 
gjordes en 3-dimensionell kartläggning av luftflödet följt av ett försök att särskilja och mäta inflytandet av 
2-dimensionella respektive 3-dimensionella komponenter. Utvärdering av olika tekniker och arbetsätt för 
att mäta interaktion samt analys av noggrannheten på dessa mätningar har varit av stor vikt under hela 
projektet. 
 
Resultaten som utgör en sammanfattning av utförda vindtunneltest visar på effekterna av interaktion som 
kan förväntas vid ett specifikt seglingsscenario (Del 1) och hur analys av interaktion kan angripas i tre 
dimensioner (Del 2).  
 
Slutsatsen av dessa resultat visar på komplexiteten i problemet samt utmaningen i att fullt ut förklara alla 
delar av fenomenet interaktion som underlag för en teoretisk modell giltig för alla scenarion och 
förhållanden. Med hänsyn tagen till de förutsättningar och begränsningar som gäller avseende skapandet 
av en empirisk modell som behandlas i denna rapport skulle dock utförliga fullskaletester kunna utgöra 
tillräckligt underlag för framtida utveckling av mjukvara för beslutsstöd. 
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INTRODUCTION 
The intention of this report is to give the reader a general introduction to this project and investigation of 
interaction between yachts, as well as a detailed review of the work performed in the two stages of the 
project. 

1.1 INTERACTION BETWEEN YACHTS 
Whenever in a racing situation there are several ways for yachts to, deliberately or not, interact with one 
another. Two different scenarios can be identified; the fleet racing scenario where a yacht strives to go as 
fast as possible towards the next mark on the course, and the match-racing scenario where keeping ahead 
of a single opponent is the only thing that matters. Either way, in terms of interaction, it all comes down 
to knowledge of how yachts in proximity affect the airflow working on your sails. Not only relative 
positioning (distance and bearing) of the other yacht but trim and apparent wind angle of both yachts will 
come in to play.  
 
An example of a situation where interaction is evident could be a yacht sailing downstream (wind wise) 
another yacht, experiencing an unfavourable change in wind direction. Some research has been made in 
the past regarding this type of phenomena focusing on when or where this behaviour can be expected and 
the magnitude of the effect, [1] and [2] for example. The aim of this study is to gain further understanding 
to how and why some of these effects occur. 
 
Another interesting effect of interaction highlighted by previous studies ([1] and [2]) is the fact that a yacht 
sailing in what appears to be undisturbed air may benefit from having another yacht positioned 
downstream, not only compared to that other yacht but to an isolated yacht as well. This phenomenon 
requires further investigation and attention will therefore by paid to this area. 
 
The areas of interest of this study can be concluded by formulating three questions, put in a sailor’s point 
of view, related to different aspects of the effects of interaction between yachts: 
 

• What can be done to minimize the adverse effects caused by another yacht? 
• What can be done to induce maximum adverse effects on another yacht? 
• How can another yacht be used to create an advantage over an isolated yacht?  

1.2 LITERATURE REVIEW 
The literature covering the specific subject of interaction between yachts is limited. A few studies has 
however been performed on the subject, of which John Little’s The Interaction between Two Yachts Sailing 
Close-Hauled, [1], is the most recent and probably the most relevant one. Little investigates the change in 
drive force on yachts interacting with each other at a number of relative positions, using scaled models in 
a wind tunnel. His work may be considered an experimental evaluation of a similar investigation using a 
computational model by Mario Caponnetto: The Aerodynamic Interference between Two Boats Sailing Close-
Hauled, [2]. In addition there has been a study performed on interaction between downwind yachts by 
Stéphane Fauve: Blanketing effect on yachts, [3]. 
 
 On a more general subject there are some literature covering the behaviour of air downstream of a yacht 
or sail. This includes N.J. Locke’s Wake Surveys behind Sails, [4], which investigates the lift and drag 
distribution of a wing and a model yacht using wind tunnel wake surveys. S.A. Morris focuses on the 
masthead trailing vortices in An Investigation of Upwash, [5], also using wind tunnel data. A slightly different 
approach to estimating the conditions of interaction is given by Thomas Spenkuch et al. in Lifting line 
method for modelling covering and blanketing effects for yacht fleet race simulation, [6]. 
 
There are obvious similarities between the fundamentals of yacht interaction and sail interaction, which is 
why studies on interaction between sails may be of interest. S.E. Norris presents a general purpose 
method for analysis of flow over multiple sails or airfoils in his The Interaction of Yacht Sails in a Two-
Dimensional Viscid Flow, [7], and Arvel Gentry explains the basics of sail interaction in The Aerodynamics of 
Sail Interaction, [8].   
 



1.3 STAGE OBJECTIVES 
The testing performed was made in two stages serving two different objectives. The main focus of Stage 1 
was to investigate the effects of interaction typically experienced by a sailor while the aim of Stage 2 was 
to further explain the theory of interaction analysing the three-dimensional airflow. 

1.3.1 Objectives for Stage 1 
Objectives for Stage 1 include evaluation of the results from previous studies and extend experiments with 
respect to changing the apparent wind angle (AWA) and trim of the sails. In order for the data produced 
by the tests that are to be performed to be comparable to the data produced by tests in previous studies a 
certain amount of replication or reconstruction is required. It is therefore decided that a setup similar to 
the one John Little used in his experiments will be used. 
 
To get an overview of Little’s results the raw data output from his experiments was further processed. A 
bird’s eye view of the interaction scenario can be considered with the yacht of interest located in the 
centre of a polar coordinate system. Figure 1 shows the relative positions used for measurements in 
Little’s study, some of which were measured more than once. For every relative position the drive force of 
the centred yacht was recorded to be compared to the drive force of a single isolated yacht, giving the loss 
(or gain) in drive force. A colour map was created using linear interpolation in between the points of 
measurement, Figure 2, where multiple measurements were available an average was used. All tests 
performed by Little were set up with an AWA of 20 degrees. Note that here the distance between two 
boats is measured in mast lengths (approximating the span of the sails) rather than boat lengths, which will 
be the choice of most yachtsmen. 
 

 
Figure 1. Rings represent relative positions 
of a second yacht tested by Little, radial 
scale is in mast lengths. 

 
Figure 2. The colour at each position indicates the 
loss/gain in drive force experienced by the centred 
yacht with another yacht in that position.   

 
A number of interaction scenarios will be object of further investigation in the first stage of this project. 
These can now be identified as six different relative positions: 
  
 Position 1 Having a yacht three mast lengths dead ahead (bearing 0˚, distance 3 ML). This is 

a position in a region where the drive force will be reduced to 70-80% of the 
isolated drive force, which in a real life scenario will call for some sort of 
immediate action but does not necessarily mean tacking away. 



 
 Position 2 The lee bow case, having a yacht slightly ahead just to leeward (bearing 60˚, 

distance 0.5 ML). Normally associated with a substantial reduction of boat speed, 
Little’s tests show surprisingly high numbers for this position. 

 
 Position 3 This is a position where positive interaction may occur, having a yacht slightly to 

leeward of dead astern (bearing 160˚, distance 1 ML) may be beneficial. 
Attention will be paid on different ways of maximising this effect. 

 
 Position 4 Similar to Position 3 but to windward instead (bearing 200˚, distance 1 ML). A 

definite case of positive interaction has been found by both Caponnetto and 
Little, the magnitude of this effect is however still somewhat unclear. 

 
 Position 5 With a yacht on the beam to windward (bearing 270˚, distance 1 ML) drive force 

will be reduced to 80-90% which represent another interesting region where 
tacking away is not evident. 

 
 Position 6 To windward and ahead far away (bearing 330˚, distance 3 ML). Another case of 

the region around 80% of isolated drive force but also looking at the effects of 
increasing the distance between the yachts. 

 
To apply this in a testing environment the drive force of the centred model (yacht) is measured with 
another model in one of the positions 1-6, see Figure 3.  To further investigate the effects of changing the 
AWA and trim, for every position three different AWA are used (17˚, 20˚, 23˚) by rotating the centred 
model only. For every AWA three different trims are set on the centred model, the trim of the jib is fixed 
at all times as is the main sheet while the main traveller is shifted up and down considerably from the 
reference point. 

 
Figure 3. Positioning of the models in the wind tunnel. The 
shaded area indicates the physical limitations caused by 
wind tunnel floor and wall boundaries. 



1.3.2 Objectives for Stage 2 
The main objective of Stage 2 was to further analyse the flow field that is acting on the two models, first 
by mapping the airflow in the wind tunnel and then by attempting to quantify the contribution of two-
dimensional and three-dimensional effects.  
 
In order to keep the number of tests down to a reasonable amount a number of limitations and 
assumptions were introduced: 
 

• Tests were to focus on one interaction scenario for which the relative angle between the models 
was kept constant. 

• When trying to separate the 3D effects from the 2D effects simplifications were to be made in 
order to reduce factors of uncertainty, for example a fixed wing were to be used as a reference. 

• The possibility of using VMG (rather than drive force) as a performance estimator and therefore 
also allowing for the optimum trim and correct heel to be set should be investigated. 

 



2 METHOD 
This is an introduction to the University of Auckland / Yacht Research Unit Twisted Flow Wind Tunnel 
and the measuring equipment that has been used. The testing procedures and the conditions that apply 
will also be presented. 

2.1 EXPERIMENTAL SETUP 

2.1.1 The wind tunnel 
The Auckland University Twisted Flow Wind Tunnel (TFWT), Figure 4, was developed in 1994 especially 
for testing yacht sails. Twisting the flow is a way of simulating the change in apparent wind angle and 
apparent wind speed with height over the water that is created when a yacht makes speed through the 
water. The physical limitations posed by the vanes that twist the flow in the tunnel rules out this feature 
for the tests performed in Stage 1. Other innovations in the TFWT include a real time VPP (velocity 
prediction program) that enables the model manoeuvring system to react to wind induced forces. 
 

 
Figure 4. The Twisted Flow Wind Tunnel (TFWT) is located in a 
warehouse in Auckland, New Zealand. 

 
The TFWT is a open circuit wind tunnel using two side-by-side four bladed fans, each powered by a 45 
kW electric motor, generating a flow speed of up to 8.5 m/s (or 16 m/s when contracting side walls). A 
honeycomb section straightens the rotating flow exiting the fans, see Figure 5.  
    

 
Figure 5. Schematic illustration of a longitudinal cross section of the TFWT. 

 
When trying to replicate the conditions experienced in full scale on the water a number of challenges are 
presented. The major ones being to match the flow: velocity, vertical velocity profile, twist profile and 
turbulence intensity. Ideally the Reynolds Number (Re) for the model should match the one for the full 
scale yacht in order to ensure the same viscous flow behaviour. This is however not possible due to the 
very high wind speeds that would be required in the wind tunnel. The effects of not matching the 
Reynolds Number have been shown not to be significant, [9]. A suitable velocity profile as well as 
turbulence generation can be created by positioning various objects in the tunnel upstream of the model. 



2.1.2 Force measurement 
Underneath the floor of the wind tunnel a six-component force balance is located, see Figure 5. Six 
voltage transducers, at three locations, measure the displacement in one direction as seen in Figure 6. The 
X-direction is equal to the models longitudinal direction forward.  
 

 
Figure 6. The six-component force balance, from [9].  

 
The six voltages (X1, Y1, Y2, Z1, Z2, Z3) are then related to three corresponding forces (FY, FX, FZ) and 
moments (MY, MX, MZ) using a six by six calibration matrix as seen below. 
 

 

 
As there is only one transducer in the X-direction compared to two and three in Y- and Z-direction the 
measuring accuracy will depend on the direction, resulting in the X-direction being the most accurate 
measuring forces at ±0.05 N.    

2.1.3 The models 
The sailing yacht models used in the TFWT are typically around two meters high which works out to a 
scale of about 1:15 for the yacht models used here. Of existing obtainable models in the TFWT the two 
that were most equal in size are chosen. They are models of an AC33 (prospect yacht for 33rd Americas 
Cup, pre multihull venue) and the Juan Kouyoumdjian designed 100ft Speedboat, Figure 7. 
 

 
Figure 7. The two models in “Position 2”. 

For both these models sets of semi rigid sails made out of glass fibre manufactured on a CNC milled male 
mould were used. Semi rigid sails as opposed to cloth sails maintain the intended shape better when under 
load. Whenever unfavourable angles of attack are applied, creating a fluttering behaviour for cloth sails, 



semi rigid sails will probably over predict performance. Note that cloth sails were used for Little’s 
investigation. The sails on the two models will not have the same shape (but close to the same size) which 
will result in disparity in drive force, the effect this has on the relative interaction seem however to be 
insignificant. For all tests the two models were set up at a heel angle of 25 degrees, as in Little’s tests. 

2.1.4 Mapping the flow 
To be able to map the flow effected by a model in the wind tunnel a cobra probe was used. The cobra 
probe is a device to measure air pressure yaw and pitch using three thin tubes enabling calculations to be 
made to get the wind speed and direction in a given point in space. A stand was built to hold the cobra 
probe in position (Figure 9), the base of the stand could then be lined up with a grid taped up on the wind 
tunnel floor. The vertical position of the probe could be adjusted so that two vertical layers of 
measurements representing 1/3 and 2/3 of the model height were achieved. The probe stand could then 
be moved around the wind tunnel floor to cover the 46 horizontal positions presented in Figure 8, 
creating a total of 92 points of measurement. That way a reference wind speed and direction could first be 
measured in every point then the same points were used introducing one and two models respectively. 
 

 

 
 
 

 

Figure 8. Test setup seen from above. The circle inside s square 
indicates the position of the cobra probe. Coordinates (0,0) 
represent the centre of the model scale. The blue frame indicates 
the boundaries of the wind tunnel. 

Figure 9. The probe stand used to measure wind speed 
and direction in 46 different positions. The cobra probe 
could be set in two vertical positions.  

2.1.5 Quantifying the 3D effects 
With the aim to separate the 2D-effects of interaction (i.e. changes in wind speed and direction in the 
horizontal plane caused by a upstream model) from the 3D-effects of interaction (i.e. disturbance in the 
vertical plane) a series of tests setup to prevent tip vortexes of forming. In order to do that a big plate 
suspended from the ceiling of the wind tunnel was taped to the top of the wing/sail to prevent air from 
travelling from the high-pressure side of the wing/sail to the low-pressure side. To ensure that the plate 



itself did not distort the airflow tests comparing completely undisturbed flow to the flow acting on the 
plate only was performed. To generalise the problem a wing profile (NACA 0012), set at the angle of 
attack producing maximum lift, was used (Figure 10). Corresponding tests were also performed using an 
upright model and a heeled model (Figure 11 and 12). 
 

   
Figure 10. NACA 0012 at 10 deg AOA with 
endplate mounted. 

Figure 11. Upright JK100 at 20 deg AWA 
with endplate mounted. 

Figure 12. Heeled JK100 at 20 
deg AWA with endplate mounted. 

2.1.6 Testing using a VPP 
To investigate what is the best way of scaling the loss in performance caused by interaction a series of 
tests was performed using a velocity prediction program (VPP). Providing knowledge of sail and hull 
geometries the VPP can solve the equation balancing performance related parameters, Figure 13. The 
TFWT has developed a “Real Time VPP” which enables the model yacht to react on prevailing wind 
tunnel conditions as it would in full scale, e.g. by automatically adjusting the heel angle to the forces acting 
on the sail and calculation of leeway (Figure 14). This means that for a given interaction scenario the 
model on the scale can easily be set up for optimum upwind conditions as VMG is calculated in real time. 
The Velocity Made Good, or VMG, refers to the component of the yachts velocity that is in the directly 
upwind direction. 
 

 

 

 
Figure 13. The fundamentals of a VPP, balancing 
aerodynamic and hydrodynamic forces. 

 Figure 14. Parameters used in a VPP to calculate the 
VMG. 

  

2.2 TESTING SCHEME  

2.2.1 Testing scheme Stage 1 
The level of interaction occurring will be measured by a factor describing the drive force with a second 
model present in relation to the drive force without a second model present, i.e. an isolated model. 
Therefore a number of isolation tests will be performed in addition to the six positions mentioned above. 
A total of 113 tests were conducted as presented in “Appendix A – Testing scheme, stage 1”. 



2.2.2 Testing scheme Stage 2 
When mapping the flow in the wind tunnel the methodology applied was to compare the air speed and 
direction in 92 points of measurement (according to 2.1.4) for three different cases at constant fan output; 
empty tunnel, one model and two models. A total of 368 measurements were performed as follows: 
 

• Session 1: Pos 1-46 at Z = 885 mm in empty tunnel 
• Session 2: Pos 1-46 at Z = 885 mm with one model 
• Session 3: Pos 1-46 at Z = 1585 mm in empty tunnel 
• Session 4: Pos 1-46 at Z = 1585 mm with one model 
• Remounting of the cobra probe required new empty tunnel runs for reference 
• Session 5: Pos 1-46 at Z = 885 mm in empty tunnel 
• Session 6: Pos 1-46 at Z = 885 mm with two model 
• Session 7: Pos 1-46 at Z = 1585 mm in empty tunnel 
• Session 8: Pos 1-46 at Z = 1585 mm with two model 

 
The tests performed with regards to investigating the influence of 3D effects to the interaction 
phenomena (see 0) were distributed as listed below, concluding a total of 132 measurements. 
 

• Session 1: Isolation runs for tests with no heel, AWA = 10-26 deg  
• Session 2: NACA 0012 at 10 deg with no endplate, AWA = 14-30 deg 
• Session 3: NACA 0012 at 10 deg with endplate, AWA = 12-28 deg 
• Session 4: JK100 at 20 deg without endplate and no heel, AWA = 16-32 deg 
• Session 5: JK100 at 20 deg with endplate and no heel, AWA = 16-32 deg 
• Session 6: Isolation runs for tests with 25 deg heel, AWA = 12-28 deg 
• Session 7: JK100 at 20 deg without endplate and 25 deg heel, AWA = 14-32 deg 
• Session 8: JK100 at 20 deg with endplate and 25 deg heel, AWA = 14-32 deg 

 
When tests aimed at study the effects of using a VPP for performance analysis a total of 43 measurements 
were made as follows: 
 

• Session 1: Isolation runs for VMG reference, AWA = 17-26 deg 
• Session 2: Model in Position 1, AWA = 16-26 deg 
• Session 3: Model in Position 2, AWA = 20-28 deg 
• Session 4: Model in Position 5, AWA = 20-28 deg 
• Session 5: Model in Position 6, AWA = 18-26 deg 

 
 
 

 



3 RESULTS STAGE 1 

3.1 DATA PROCESSING 
In addition to the voltages mentioned above a number of parameters are recorded for each run when 
testing. One of them is the dynamic pressure, which is measured using a pitot tube mounted in the wind 
tunnel ceiling, see Figure 5. In order to compare tests they are made less dependant on the flow velocity, 
temperature and model size by introducing dimensionless coefficients such as the drive force coefficient 
CF 
 

 

 
where F is the drive force, q the dynamic pressure and A the model sail area. It will show that for 
convenience the term CFA can be used. To determine the level of interaction a relative drive force 
coefficient fraction I is introduced, here referred to as the interaction number: 
 

 

 
Since the data from isolation tests with the same setup will vary slightly there has to be a way of 
designating a specific isolation value to a certain interaction test. Little used a time average for interaction 
tests performed in between two isolation tests. Initially, when possible, this method will be used however 
the issue of non-consistent isolation data and repeatability in general will be raised later in this report.   

3.2 RESULTS PRESENTATION 
The main focus is on the results of the interaction tests performed for six different positions, three AWA 
and three trims. These results are presented in Figure 15. 
 

 
Figure 15. Principal results from testing session in Stage 1, each line represents the interaction level (I) interaction 
in a specific position (1-6) at a specific wind angle (17˚,20˚,23˚). 

 



It is noticeable that there are some tests showing negative relative drive force coefficients (I<0), they are 
however only the results of non valid trim-AWA combinations (pointing high and letting the sails out is 
obviously not a good combination). Most of the data represents destructive interaction (0<I<1) where the 
measured drive force coefficient is 0-100% of the isolated drive force coefficient of the same AWA-trim 
combination. For Position 3 and 4 some constructive interaction (I>1) is shown as expected. 
 
A closer look at the measurements from the positions that show exclusively destructive interaction, Figure 
16, will show some consistent trends with respect to changing the AWA and the trim.  
 

 
Figure 16. There are clear trends for both AWA and trim influence on the interaction number I for the 
positions showing solely destructive interaction (Position 1,2,5,6). 

 
It seems as the AWA grows (bearing away), this will cause less interaction to occur (higher interaction 
number I). Easing the sails out seems to have an adverse effect on the I number (more interaction occurs). 
This could be an effect of having a poorly set reference trim, i.e. if the sails are let out too much in the 
reference case any configuration with sheeted on sails will probably cause less interaction. Because the 
model sails will load up as they are sheeted on, the model will experience more drive force, but also more 
side force and heeling moment, which in real life changes the heel angle and leeway. As the model is fixed 
at a heel angle of 25˚ the drive force will keep increasing as the sails are sheeted on, this issue will be 
addressed at a later stage. It is also important to remember that the (model) drive force acts in the 
direction the model is pointing, hence a high drive force does not necessarily mean a high upwind speed 
component or velocity made good (VMG). 
 
Note that so far the presented data on interaction for Position 1-6 has been in relation to the equivalent 
isolated cases. Another, perhaps more realistic, way of look at this is to relate all the cases of interaction to 
one single isolation case representing the actual trim and AWA of a yacht sailing upwind in clear air. That 
way the different trims and AWA represents a way of trying to obtain minimum interaction (or maximum 
in case of constructive interaction). Figure 17 is a replication of Figure 16 using this approach. 
 



 
Figure 17. Using one single setup for isolation reference. Same trends as in Figure 16 can be seen, although of a more 
distinct character. 

 
It is clear that the principal trends seen in Figure 16 can be identified in Figure 17 as well. It also shows 
that changing the AWA has bigger effect on the I number (the vertical distance between the lines) using 
this approach. This also applies for changing the trim resulting in a steeper slope of the lines. Note that 
some configurations show a positive I number although destructive interaction occur, again one must 
have in mind that the drive force in two different directions are compared.  

3.3 RESULT COMPARISON 
To get an idea of how the error derived from the accuracy of the force balance (±0.05 N in drive force) 
grows as the interaction number is calculated, Figure 18 is plotted. 
 

 
Figure 18. The absolute error of the interaction number I as a function of isolated drive force Fiso and drive force 
under influence of another model (interaction drive force) Fint. 



 
It is obvious that the error depends on both the isolated drive force Fiso and the interaction drive force Fint. 
Accordingly for an interaction case using Fiso ≈ 2 N an absolute error ranging from 0.03 (Fint. = 0.5 N) to 
0.07 (Fint. = 3.5 N) can be expected on the interaction number I. Note that this is taking in account only 
the accuracy of the force balance, not for example the accuracy of the dynamic pressure measurements or 
other repeatability related factors that will most likely increase the error. It does however give an 
indication on what to expect when comparing to Little’s results, see Figure 19. 
 

 
Figure 19. Comparison between the results of the interaction tests performed in Stage 1 of this study and in 
Little’s study. For some of the positions (1-6) measurements from more than one test exist. All tests were set 
up at 20˚ AWA and reference trim. 

 
Figure 19 show that replication of Little’s results does not fall inside the margins of the accuracy of the 
force balance. Although total compliance was never expected the destructive interaction positions (1,2,5,6) 
show substantially more interaction (lower I number) than Little’s data. Position 2 may seem especially 
divergent but remember that was some suspicion regarding this particular position in Little’s case, prior to 
testing. Note that remaining destructive interaction positions (1,5,6) are showing the same trends as 
corresponding data in Little’s case, only at an lower I number, suggesting a common factor throughout 
testing effecting the results. The positions object for constructive interaction (position 3,4) match up quite 
nicely for the two studies. 
 
To investigate the reason why the two studies show different results a number of possibilities are 
considered: 
 

• Testing in different air temperature, Little was testing on hot summer days. 
• Scale effects due to different sized models (and sails). 
• Semi rigid glass fibre sails versus sown cloth sails. 
• Different trim on the model located on the force balance. 
• Different trim on the model located at position 1-6. 
• Calibration of the force balance done in between the studies. 
• Failed to put model in the right position and at a correct AWA. 

 
Sensitivity tests were performed to rule out some of the above; the jib on the model on the balance was 
replaced by a cloth jib showing no significant difference in the results, a variety of trims were tested on the 
boat in one of the positions having a surprisingly low effect on the I number and also offsets of the 
position were tested in four principal directions without effecting the results considerably. Further analysis 



would show that the single most important factor causing the two studies results to differ is the setting of 
the trim on the model on the balance. In fact the trim configuration where the sails were sheeted  in 
produced I numbers closer to those in Little’s study. The level of interaction that occurs is therefore 
totally dependant on how the trim is set in the isolated case. 

3.4 METHOD EVALUATION 
The level of accuracy that can be expected with respect to the instrumentation of the force balance has 
already been discussed. Another issue related to the quality of the results that has to be addressed is the 
repeatability, the ability to get the same results for multiple repeated tests. The repeatability can only be 
measured for tests with exactly the same setup, making the reference isolation tests a suitable candidate 
(see Figure 20).  
 

 
Figure 20. Analysing the repeatability of all the isolation tests, set up at an AWA of 20˚ and reference trim, made in this 
study Drive force Fiso, drive force coefficient [CFA]iso, temperature and dynamic pressure is plotted over time for the first 
and the second day of testing. 

 
Two conclusions can be drawn from the drive force plot (to left in Figure 20); the repeatability is slightly 
worse than expected with the drive force repeatable within ±0.12 N for the first day of testing and within 
±0.08 N for the second day. Also there seems to be some sort of time dependant decrease in drive force 
over the day. 
 
Repeatability lower than the accuracy of the force balance (±0.05 N) was expected but more than twice 
that amount calls for further investigation. Reasons for the repeatability to be lower than the accuracy of 
the force balance may include failure to completely recreate the setup of the model between tests such as 
resetting the AWA and the trim as well as other factors such as factors effecting the air flow or 
measurement environment. 
 
The drive force time dependency is clearly not in direct relation to the temperature changes over the day 
as it does not show any sign of inversion (several hours of time lag would be required) like the 
temperature curve. If this would be an effect of the temperature effecting the pressure of the flow then 
the decreasing trend would not be present in the [CFA]iso graph (top right in Figure 20). 
 
The number of data points may however not be enough to confirm such behaviour, which could possible 
be done by plotting all of Little’s isolation test data in a similar manner (Figure 21). 



 

 
Figure 21. Confirming the behaviour of Figure 20 by plotting corresponding isolation test data from Little’s study, note 
that the scales on the y-axis may have changed. 

 
First the repeatability of the drive force for the two studies can be compared. Little’s data show that the 
drive force can be repeated within ±0.12 N over any given day. Some days provide better repeatability 
resulting in average daily repeatability of ±0.09 N, which is not far off the force balance accuracy. 
Repeatability over a longer period of time (more than one day) does not seem to change much and there 
are no trends of how repeatability conditions change from one day to another. 
 
Regarding the time dependant drive force decrease there is a significant trend also in Little’s data, Figure 
21. Here there is now temperature or dynamic pressure inversion making it look more like temperature is 
the time dependent driving factor. It is obvious that more attention needs to be paid to this strange 
phenomenon to find out what repeatability can be expected and to investigate the periodic behaviour of 
the drive force time dependency. 
 
With the aim to isolate the repeatability time dependency phenomenon, a set of tests dedicated to this 
issue were performed. A NACA 0012 aerofoil was mounted vertically on the force balance at an angle of 
attack of 10˚, which is enough to get some drive force measurements but not close to stalling. The fact 
that the wing is setup in the morning and then left untouched for the day together with the fact that there 
are no sheets that can slip, sails that can deform, cables that can interfere and so on, should increase the 
(time independent) repeatability. Tests were run in groups of three as close as possible every 20-30 min 
throughout one day. The results these tests are presented in Figure 22. 
 



 
Figure 22. Repeatability time dependency investigation with a NACA 0012 aerofoil tested continuously during the day 
with identical setup for each test. Note that the temperature spike between 1 and 2pm are believed to be caused by 
direct sunlight on the temperature sensor.  

 
Once again the drive force time dependency can be observed. Also there is a distinct temperature 
inversion and consequently a corresponding dynamic pressure inversion suggesting that the drive force 
decrease is not primarily temperature related, again there could be a several hour time lag that would 
create a drive force inversion over the next six or so hours to come. One theory is that the temperature 
effecting the transducers of the force balance located underneath the wind tunnel floor are experiencing a 
different temperature than the air flow in the tunnel, temperature measurements were performed on that 
subject but results were inconclusive. 
 
To detect weather the time dependency is caused by something affecting the flow of the wind tunnel and 
therefore the forces on the aerofoil (or model) or if there is something effecting the measuring equipment, 
there were tests run with the fans turn off and forces were applied by a calibration weight. Unfortunately 
these measurements were only made in the afternoon where the average drive force curve is fairly flat and 
does therefore not prove that the calibration drive force (no wind) is time dependant as well.   
 
Another interesting discovery is that the temperature picked up by the temperature sensor is depending on 
the sequence of the testing. When the air around the building is heating up the air inside the building there 
is higher temperature gradient when testing (groups of three data points) than in between testing. When 
the air outside the building is cooling down the air inside the building, in the late afternoon, the effect is 
opposite. This is believed to be an effect of the different layers of air heating up (or cooling down) faster 
closer to the walls and especially to the ceiling of the warehouse and then getting mixed up when the wind 
tunnel runs. Also the temperature gradient seems to be connected to the degree of fluctuations shown on 
the drive force, however this is yet to be confirmed.  
 
Coming back to the time dependant influence on the repeatability of the drive force it can be mentioned 
that the repeatability of the aerofoil was within ±0.07 N, as expected this files in between the repeatability 
of the isolated yacht model and the accuracy of the force balance. However taking in to account the 
general drive force decrease over the day, the short term repeatability could be considered higher (Figure 
23). 
 



 
Figure 23. Fitting a 2:nd degree polynomial curve to the drive force data to 
describe the time dependant decrease in drive force.   

 
Fitting a second degree polynomial curve (no higher degrees are relevant as the only periodic behaviour 
found is on a daily scale) to the drive force data shown in Figure 23 supports the idea that the time 
dependant decrease in drive force is slowly turning into an increase at the end of the day. In that case the 
time lag of whatever temperature related effect there is on the drive force is about 3-4 hours (maximum 
temperature to minimum drive force). If the drive force data are related to this curve a time dependant 
repeatability of ±0.06 N can be achieved, as oppose to the time independent repeatability of ±0.07 N.   
 
To make sure that the slope of the fitted curve is comparable to the slope of other curves for other tests, 
an overlay of Little’s isolation data are made on the data from the testing on the aerofoil, Figure 24. 
Little’s tests produce a straight line rather than a curve, possibly a result of not having a temperature 
inversion during the testing period. The same line also has a higher gradient than the curve which could be 
due to higher temperature gradients while testing. 
 

 
Figure 24. Drive force area coefficients time dependency for two different 
testing setups. Note that the y-axis is false as an overlay has been made to 
compare the gradient of the fitted curves. 



4 RESULTS STAGE 2 

4.1 FLOW MAPPING 
To be able to use the empty tunnel measurements as a reference, the flow characteristics of an empty 
tunnel had to be considered. In order to do that the variation of wind speed and direction during a single 
measurement (typically 6 seconds) was calculated, presented in Table 1. A considerable deviation from the 
mean value can be observed for both wind speed and direction, it shall however be noted that deviations 
presented are the maximum deviation over time in all 46 positions. Possible explanations for these 
deviations are most likely a combination of test equipment measurement uncertainty and difficulties 
producing a stable flow in the wind tunnel. Another potential source of error could be the repositioning of 
the probe stand, which however judging from the results is neglectable.  
 

Vertical position (Z) Velocity Pitch Yaw 

± 0.3 m/s ± 1.8˚ ± 1.2˚ 
Z=1585 mm 

± 0.3 m/s ± 2˚ ± 0.9˚ 

± 0.2 m/s ± 1.4˚ ± 1.3˚ 
Z=885 mm 

± 0.2 m/s ± 1.6˚ ± 0.9˚ 

Table 1.  Maximum flow deviation in empty tunnel at wind speed 3.6 
m/s acquired during measuring. Dark cells indicates that 
measurements were made during the second testing session (with 
two models), 

In order to visualise the effects the model has on the surrounding air in the wind tunnel a method of 
interpolation was used to estimate the velocity, pitch and yaw in any point within the measured volume. 
When interpolation was performed a built-in Matlab function using the “v4” method (which has a Greens’ 
function approach) was used. Once the velocity vector of any given point inside the measured volume was 
calculated, streamlines could be plotted as seen in Figure 25.  
 

 
Figure 25. When using interpolation between the points of measurement the flow field can be projected as velocity 
vectors in a 3D-grid (blue arrows) or as a series of streamlines (red lines).  

 
Streamline plots gives a good general idea of what is going on with the wind direction but no real 
indication on speed. To further investigate the absolute horizontal component of the velocity, coloured 
plots sliced in two horizontal planes (Z=885 mm and Z=1585 mm) was used, Figure 26-27. Translated 
into full scale this shows that a second yacht would experience up to 15% variation of in-plane wind speed 



depending on relative position. Note the empty tunnel variation of up to 8 % as mentioned above. Some 
effects related to the wind tunnel geometry may be observed; at the lower of the two horizontal planes 
there is for example a tendency for higher wind speed along both walls of the tunnel downstream of the 
model, possibly caused by the blockage the model produces. It shall also be noted that the model was 
heeled during all flow mapping related tests. 
 

 
Figure 26. Horizontal plane sliced at Z=885 mm (1/3 model 
height), colour scale indicates in-plane absolute velocity in 
m/s. 

Figure 27. Horizontal plane sliced at Z=1585 mm 
(2/3 model height), colour scale indicates in-
plane absolute velocity in m/s. 

 
To map the flow field in an interaction scenario a second model was introduced in the wind tunnel. Figure 
28 and 29 clearly shows that the wind direction upwind of the downwind model increases when 
interaction occurs, counteracting the expected up-wash. This proves that while a yacht straight down wind 
of another yacht by approximately four mast lengths would expect a relative wind shift of around 4° 
(Figure 28), interaction between the yachts will increase that disadvantage by another 2.5° (Figure 29). 



  
Figure 28. Streamlines revealing the wind 
direction in a horizontal plane sliced at ½ 
model height. 

Figure 29. Introducing a second model 
downwind increased the wind direction 
by 2.5 degrees – the models interact. 

4.2 3D VS. 2D EFFECTS 
In addition to the effects of variations in wind angle and speed in a plane parallel to the wind tunnel floor 
(or water surface) the pressure difference on the two sides of the sails generates a tip vortex at the top of 
the mainsail (possibly also less powerful vortices at the top of the jib and at the bottom of the main and 
jib but this could not be confirmed with the test setup used). The vorticity experienced by the downwind 
model can be visualised using a projection of the path of the wind’s vertical component, as in Figure 30, 
using interpolation between data points in the two planes used for measurement. The measurements 
revealing a clear vortex with the origin located at the top of the mainsail of the upwind model was verified 
using smoke visualisation. 
 

 
Figure 30. Projection of wind speed vectors on a few vertical planes using interpolation between data points in horizontal planes.  



To further analyze the significance of the tip vortex tests were performed according to chapter 2.1.5 with 
the intention to quantify the influence of the 3D-effects. As presented in Figure 31 in the generalized case 
where a NACA 0012 wing profile (with similar dimensions as the model yachts) was used the apparent 
wind angle of the downwind model had to be increased by four degrees (compare local wind shift) in 
order to achieve the same drive force as in the isolated case. When an endplate was mounted on the wing 
however only three degrees of increase in AWA was required to obtain corresponding isolated drive force. 
While this could indicate that in the span 15°-20° AWA the loss in drive force caused by interaction 
consists of ¾ 2D-effects and ¼ 3D-effects, it is unlikely to be that simple. When another yacht model was 
used instead of the wing the endplate did not seam to have much effect at all on the level of interaction, 
see Figure 32 and 33. Reasons for this may be either that in the case of using a model yacht upwind 3D-
effects does not have a significant influence on the level of interaction or (which is more likely) the 
endplate mounted does not completely eliminate the 3D-effects. 
 

 
 Figure 31. AWA sweep performed 

with an upright wing profile (with 
and without endplate mounted) 
positioned upwind of model on 
scale. 

 Figure 32. Wing profile replaced 
by upright yacht model. 

 Figure 33. Upwind yacht model 
heeled 25°. 

4.3 USING VMG TO SCALE INTERACTION 
A VPP was used to accommodate for the fact that different interaction scenarios calls for different actions 
in order to achieve the highest possible VMG. Figure 34 shows how AWA sweeps were used to obtain the 
maximum VMG for scenarios with the upwind model in position 1,2,5 and 6 respectively. These results 
for level of interaction between different scenarios correspond the ones using drive force as reference, 
VMG should however be considered a more relevant parameter for scaling level of interaction. 
 

 
Figure 34. AWA sweep performed with trim and heel reset for every point of measurement to optimize VMG using real-time-
VPP. 



5  CONCLUSIONS 

5.1 STAGE 1 CONCLUSIONS 
The method that was used conducting the experiments of the first stage of this project can be considered 
valid considering the following: 
 

• Attention must be paid to setting the trim of the model that is measured on. The investigation 
will only be valid for that exact reference trim. Relative results and trends may however be 
general. 

 
• The accuracy of the force balance alone provides a possible absolute error of up to 0.07 on the 

interaction number I. Constructive interaction cases (Pos. 3&4)  with interaction numbers of 1.03-
1.05 are therefore not within the range of the accuracy of the method. It is however not doubt 
that such constructive interaction occurs. 

 
• The repeatability of the measurements is affected by some time dependant temperature 

(probably) related phenomena making the drive force decrease during the day. Drive force 
repeatability for the model case was within ±0.12 N and for the aerofoil case within ±0.07 N. 
Curve fitting can help improve the time dependant repeatability error, leaving a time independent 
repeatability error of the drive force of ±0.05 N in the model case or ±0.06 N in the more reliable 
aerofoil case (more data points). 

 
As for the actual results of the influence of trim and AWA on the effects of interaction there has been a 
few interesting findings including trends that became useful when analysing the flow field around different 
interaction scenarios in stage 2. 
 

5.2 STAGE 2 CONLUSIONS 
Following stage 2 of the investigation on the interaction phenomena a number of conclusions can be 
drawn regarding how interaction affects the flow field and methods of measuring and scaling interaction: 
 

• Mapping the flow field in the wind tunnel can be successfully performed using a relatively simple 
test setup with a limited number of measurement points. While perhaps time consuming and 
labour intensive the method gives a good indication on what is actually happening when two 
yachts interact. 
 

• Interaction is a highly complex 3-dimensional phenomena and the flow field is affected with 
respect to speed, angle and vorticity. The results suggests however that the reduction in wind 
speed and the 3D-effects experienced by a downwind model are not as dominant as the influence 
from 2D-effects, i.e. horizontal in-plane effects on wind angle. To further analyze and quantify 
the influence of 3D- versus 2D-effects a way of simulating a 2D environment would be required, 
complemented by analytical methods. Methods of measuring vorticity may also be valuable. 

 
• The level of interaction may be characterized either by a local wind shift or by loss in VMG. 

While VMG is more relevant as a performance estimator, using the wind angle as a reference may 
be considered closer affiliated with the actions taken in a real life scenario. The time factor is in 
no way considered in this investigation, with the implication that all interaction scenarios are 
considered static. In a real interaction scenario the yacht downwind would due to the loss in 
VMG soon find itself in a new, slightly different, scenario. There is also the element of reaction; 
the downwind yacht wanting to “get out of” the interaction scenario.  
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APPENDIX A – TESTING SCHEME, STAGE 1 
 

DAY 1 
RUN ID POSITION AWA TRIM COMMENT 

I1 ref Isolation test 
I2 in Isolation test 
I3 

20 
out Isolation test 

I4 ref Isolation test 
I5 in Isolation test 
I6 

17 
out Isolation test 

I7 ref Isolation test 
I8 in Isolation test 
I9 

 

23 
out Isolation test 

1.1 ref  
1.2 in  
1.3 

20 
out  

1.4 ref  
1.5 in  
1.6 

17 
out  

1.7 ref  
1.8 in  
1.9 

1 

23 
out  

I10  20 ref Isolation test 
2.1 ref  
2.2 in  
2.3 

20 
out  

2.4 ref  
2.5 in  
2.6 

17 
out  

2.7 ref  
2.8 in  
2.9 

2 

23 
out  

I11  20 ref Isolation test 
3.1 ref  
3.2 in  
3.3 

20 
out  

3.4 ref  
3.5 in  
3.6 

17 
out  

3.7 ref  
3.8 in  
3.9 

3 

23 
out  

I12  20 ref Isolation test 
4.1 ref  
4.2 in  
4.3 

20 
out  

4.4 ref  
4.5 in  
4.6 

17 
out  

4.7 ref  
4.8 in  
4.9 

4 

23 
out  

I13  20 ref Isolation test 
5.1 ref  
5.2 in  
5.3 

20 
out  

5.4 ref  
5.5 in  
5.6 

17 
out  

5.7 ref  
5.8 in  
5.9 

5 

23 
out  

I14  20 ref Isolation test  

DAY 2 
RUN ID POS. AWA TRIM COMMENT 

I15 IT 20 ref Isolation test 
6.1 ref  
6.2 in  
6.3 

20 
out  

6.4 ref  
6.5 in  
6.6 

17 
out  

6.7 ref  
6.8 in  
6.9 

6 

23 
out  

I16 ref Isolation test 
I17 in Isolation test 
I18 

20 
out Isolation test 

I19 ref Isolation test 
I20 in Isolation test 
I21 

17 
out Isolation test 

I22 ref Isolation test 
I23 in Isolation test 
I24 

 

23 
out Isolation test 

     
I25  20 ref Isolation test 

2.1.R 2 20 ref Re-run  
I26 ref Isolation test 
I27 in Isolation test 
I28 

 20 
out Isolation test 

3.1.R ref Re-run 
3.2.R in Re-run 
3.3.R 

3 20 
out Re-run 

I29S 20 ref Isolation test, cloth jib on centred model 
I30S 17 ref Isolation test, cloth jib on centred model 
I31S 

 
23 ref Isolation test, cloth jib on centred model 

1.1.S 20 ref Re-run , cloth jib on centred model 
1.4.S 17 ref Re-run , cloth jib on centred model 
1.7.S 

1 
23 ref Re-run , cloth jib on centred model 

I32S  20 ref Isolation test, cloth jib on centred model 
2.1.S 20 ref Re-run , cloth jib on centred model 
2.4.S 17 ref Re-run , cloth jib on centred model 
2.7.S 

2 
23 ref Re-run , cloth jib on centred model 

I33S  20 ref Isolation test, cloth jib on centred model 
3.1.S 20 ref Re-run , cloth jib on centred model 
3.4.S 17 ref Re-run , cloth jib on centred model 
3.7.S 

3 
23 ref Re-run , cloth jib on centred model 

     
TR1.S Mref,Jref Cloth jib & trim change on 2:nd yacht 
TR2.S Min,Jref Cloth jib & trim change on 2:nd yacht 
TR3.S Mout,Jref Cloth jib & trim change on 2:nd yacht 
TR4.S Mout,Jout Cloth jib & trim change on 2:nd yacht 
TR5.S Mref,Jin Cloth jib & trim change on 2:nd yacht 
TR6.S 

3 20 

Min,Jin Cloth jib & trim change on 2:nd yacht 
     

POS1.S 20 ref Cloth jib & pos. offset y+300mm 
POS2.S 20 ref Cloth jib & pos. offset y-300mm 
POS3.S 20 ref Cloth jib & pos. offset x-300mm 
POS4.S 

3 

20 ref Cloth jib & pos. offset x+300mm 
I34S 20 ref Cloth jib Isolation test 
I35S 17 ref Cloth jib Isolation test 
I36S 

 
23 ref Cloth jib Isolation test  

 
 



APPENDIX B – PERSONAL REFLECTION ON PROGRAM-LEVEL LEARNING 
OBJECTIVES 
 
INSTRUCTIONS: Please consider the list of intended learning outcomes for the master program (and 
specialization in your civilingenjörsprogram) and reflect on your status in relation to them.  
Your task is to 

• Estimate your proficiency using the numbered levels according to the Feisel-Schmitz 
taxonomy (at the yyy inside the table). See description below the table. 

• Write a few lines on each outcome to indicate your status (at the Xxx inside the table). Try to 
indicate what learning activities you have been engaged in that made you climb the taxonomy. 

 
Program Learning Objectives 
The main objective of this program is to educate skilled engineers for industry and research 
institutions. The field is broad and multi-disciplinary with strong emphasis on systems engineering. A 
naval architect needs a variety of skills, knowledge and abilities to contribute to the complete 
processes of design, implementation and operation of marine vessels/systems which can be very 
large and complex systems, as well as deep understanding in some subjects. The program offers 
specialization within the predefined profiles Lightweight Structures, Fluid Mechanics, Sound & 
Vibration, Management, and Sustainable Development, as well as the possibility to individually tailor 
the profile. The subject hence is attractive also for students who are not devoted to work in the 
maritime sector and relevant for careers also in other fields. 
 
 
Knowledge and understanding:  
A Master of Science in Naval Architecture shall demonstrate: 
 

1 

broad knowledge and understanding in naval architecture, scientific basis and 
proven experience, including knowledge of mathematics and natural sciences, 
substantially deeper knowledge in certain parts of the field, and deeper insight 
into current research and development work. 
 
I estimate my Feisel-Schmitz level: 5 
 
I believe I have a broad understanding across all of the subjects included in the 
program with proven top results in most areas. I have deeper knowledge in the 
field of model testing, data analysis and sail yacht design. 

2 

deeper methodological knowledge in naval architecture. 
 
I estimate my Feisel-Schmitz level: 5 
 
Methodological skills has improved throughout the program but especially 
practiced during master thesis work when applied on a problem solving level as 
well as on a academic research and project management level. 

 
Skills and abilities:  
A Master of Science in Naval Architecture shall demonstrate:’ 
 

3 

ability to, from a holistic perspective, critically, independently and creatively 
identify, formulate and deal with complex issues,  
 
I estimate my Feisel-Schmitz level: 5 
 
I have the ability to analytically approach a problem/task without instructions or 
guidance, respectfully questioning common practice and my own ideas. 
Demonstrated especially during master thesis project. 

4 an ability to create, analyze and critically evaluate different technical solutions. 
 



I estimate my Feisel-Schmitz level: 4 
 
Abilities with focus on analyzing and evaluating, hence 4 not 5. 

5 

ability to plan and, using appropriate methods, carry out advanced tasks within 
specified parameters and to evaluate this work. 
 
I estimate my Feisel-Schmitz level: 4 
 
Method evaluation constantly present when solving problems during various 
courses.   

6 

skills required to participate in research and development work or to work 
independently in other advanced contexts so as to contribute to the development 
of knowledge.  

I estimate my Feisel-Schmitz level: 5 
Research in an unexplored area practiced in an academic environment when 
performing work for master thesis. Various development activities performed in 
groups during different courses. 

7 

ability to critically and systematically integrate knowledge,  

I estimate my Feisel-Schmitz level: 4 
I thrive to use as much knowledge as possible available to me while maintaining 
the appropriate critical reviewing approach and always account for full traceability 
of all information used. 

8 

ability to analyze, assess and deal with complex phenomena, issues and 
situations, and to model, simulate, predict and evaluate events even on the basis 
of limited information.  

I estimate my Feisel-Schmitz level: 4 
Ability to reflect over the consequences of using the applied methods and the 
assumptions made. 

9 

ability to develop, design and operate products, processes and systems taking 
into account people’s situations and needs and society’s objectives for 
economically, socially and ecologically sustainable development.  

I estimate my Feisel-Schmitz level: 4 
A well developed general ability of reflection and awareness of importance of all 
objectives and goals when designing, developing and operating. 

10 

ability to engage and contribute in teamwork and cooperation in groups of varying 
composition.  

I estimate my Feisel-Schmitz level: 5 

Experience of contributing in groups of various sizes and playing different roles, 
with good results. 

11 

ability to clearly present and discuss conclusions and the knowledge and arguments 
behind them, in dialogue with different groups, orally and in writing, in national and 
international contexts 

I estimate my Feisel-Schmitz level: 5 

General good presenting technique, in Swedish and English. Conclusion and 
discussion usually clear and “solid”. 

 
Judgment & approach:  
A Master of Science in Naval Architecture shall demonstrate: 
 

12 
ability to make assessments in the main field of study, taking into account relevant 
scientific, social and ethical aspects,	  



I estimate my Feisel-Schmitz level: 5 

Ability to make assessments from research or study performed. 

13 

awareness of ethical aspects of research and development work	  
I estimate my Feisel-Schmitz level: 5 
Participated in ethics course focusing on the engineer’s role in the society. 

14 

insight into the potential and limitations of technology and science, its role in 
society and people’s responsibility for how it is used, including social and 
economic aspects, as well as environmental and work environment aspects.	  
I estimate my Feisel-Schmitz level: 4 

Participated in ecology course and naval architecture project activity focusing on 
economic and environmental aspects. Also see (13). 

15 

ability to identify need for further knowledge and to take responsibility for 
continuously upgrading personal knowledge and capabilities.	  
I estimate my Feisel-Schmitz level: 5 

Always looking for continuous improvement in knowledge and in skills. 

 
Feisel-Schmitz taxonomy  
The Feisel-Schmitz taxonomy of educational objectives is used to describe the level of proficiency 
after participating in a course or program expressed in measurable observable formats (instructional 
objectives). The numbers range from the lowest level (1) to the highest level (5). 

5. Judge (värdera): To be able to critically evaluate multiple solutions and select an optimum 
solution. 

4. Solve (lösa problem): Characterize, analyze, and synthesize to model a system (provide. 
appropriate assumptions) 

3. Explain (förklara): Be able to state the outcome/concept in their own words. 
2. Compute (räkna typtal): Follow rules and procedures (substitute quantities correctly into 

equations and arrive at a correct result, Plug & Chug). 
1. Define (återge): State the definition of the concept or is able to describe in a qualitative or 

quantitative manner. 


