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Development of Estimation Method of Running Performance for Planing Craft with Outboard Engine 

by Toru Katayama, Takeshi Kaneko, 
Yuji Hori, 

In this paper, an estimation method of running performance for high-speed planing craft with outboard engine is proposed.  The estimation
method is constructed by the running attitude & resistance simulation with towing tank test data, propeller open water test results and engine 
performance curves, those are respectively independent.  And some factors, those is caused by interaction between hull and outboard engine, 
connect them, some of the factors are called self-propulsion factor in naval architecture.  The characteristics of these factors are also investigated 
experimentally in model and real scale.  The estimation method of hydrodynamic forces acting on lower hull of outboard engine is proposed, 
and the estimated running attitudes and resistance are improved at the range of high forward speed especially.  Moreover, the maximum speed 
and fuel consumption are estimated by the proposed method, and it is confirmed that the estimated results are agreement with the measured 
results in full scale tests. 
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Fig.1 Flow chart of the proposed estimation method. 
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Fig.2 Body plan and principle particulars of GW in model scale. 
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Fig.3 Body plan and principle particulars of SK in model scale. 
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Fig.4 Side view of the lower hull model of outboard engine 

which is attached after hulls in model scale, and its 

principle particulars. 
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Towing test of hull and lowerhull of outboard engine
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Fig.5 Ratio of resistance acting on the lower hull model (shown 

in Fig.2) of outboard engine to one acting on the hull 

model (shown in Fig.4) obtained by fully captive model 

test for various attitudes ( ; aft-draft, ; trim angle).  

Table 1 Measured running attitude by full scale test for the real 

craft shown in Fig.2 & 4. 
forward speed: (m/s) aft-draft: (m) trim: (deg) 

5.7 0.586 5.4 
11.3 0.293 4.2 
18.8 0.186 2.3 
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Fig.6 Measured forces acting on the lower hull model of 

outboard engine (shown in Fig.4), which is attached to 

two different hull models (shown in Fig.2 & 3). 

Fig.7 Lift-drag ratio of the lower hull model of outboard engine 

shown in Fig.4 for various running attitudes. 
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Fig.8 Measured drag coefficients  (expressed by Eq.1) acting 

on the two different scaled lower hull models of outboard 

engine shown in Fig.4 versus .

Fig.9 Measured drag coefficients  (expressed by Eq.1) 

acting on the two different scaled lower hull models of 

outboard engine shown in Fig.4 versus .

Fig.10 Drag coefficient of the circular cylinders3).
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Fig.11 Sections of lower hull of outboard engine to estimate 

total drag of it. Solid line shows its common water level 

at planing condition in full scale.  
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Fig.12 Fitted line of the experimental data of drag coefficient

 acting on 3D wing section3).
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Fig.13 Comparisons between measured and estimated forces 

acting on the real scaled lower hull model of outboard 

engine shown in Fig.4. 

Fig.14 Comparisons between measured and simulated resistance 

acting on the hull & lower hull of outboard engine 

(shown in Fig.2 & 4) of the real craft in full scale. 

Fig.15 Comparisons between measured and simulated running 

attitudes for the real craft with outboard engine (shown 

in Fig.2 & 4) in full scale. 
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Fig.16 Position of flow velocity meter at the propeller plane in 

model scale. 

Fig.17 Measured flow velocity at the propeller plane shown in 

Fig.16, calculated flow velocity at transom stern by 

potential theory and measured flow velocity at the 

position shown in Fig.18. 

Photo 1 Observation of the flow around transom stern at fully 

captive model test. 
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Fig.18 Position of flow velocity meter in full scale test. 
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Fig.19 Propeller open water test results at non-cavitation 

condition. 

Fig.20 Engine performance test results.  : engine torque,     

 : maximum engine torque,  : engine revolution, 

: engine revolution at maximum engine torque. 

Fig.21 Estimated results of the maximum speed and the fuel 

consumption by the proposed method for a real planing 

craft. 

Fig.22 Relation between forward speed of craft and flow 

velocity at propeller plane obtained by Eq.(8) with the 

results of the running attitude & resistance simulation. 

Table 2 Measured and estimated results of the maximum speed 

for a real planing craft. 

Full scale test Estimated 

Maximum speed 18.7  18.4 

Table 3 Measured and estimated results of the fuel consumption 

for a real planing craft. 

Forward speed Full scale test Estimated 

55  1.45  1.43 

60  1.09  1.25 
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