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The exam is closed book and closed notes. 
 

The KRISO Container Ship (KCS) was conceived to provide data for both explication of flow 

physics and CFD validation for a modern container ship with a bulbous bow. The ship is 230m 

long and designed to cruise at Fr=0.26.  

Two different facilities need to simulate the ship resistance in towing tanks. The first facility 

(NMRI) has a model 7.2786m long and the second facility (IIHR-UIowa) has a model 2.7m long. 

(a) Determine the cruise speed of the full-scale ship. 

(b) For Froude scaling find the tow speed of the two models. 

(c) For Reynolds scaling find the tow speed of the two models.  

(d) Are the values you found in question (c) reasonable? Comment.  

(e) The results of the experiments show that 𝐶𝐷 = 3.65 ∙ 10−3 for NMRI and 𝐶𝐷 = 5.203 ∙ 10−3 

for IIHR. Determine the resistance of the two models using the tow speed obtained for Froude 

scaling.  

 

 
Figure: KRISO Container Ship (KCS) geometry.  

 

Hint: 𝐹𝑟 =
𝑈

√𝑔𝐿
 , 𝑅𝑒 =

𝜌𝑈𝐿

𝜇
, 𝐹𝐷 = 0.5𝜌𝐿2𝑈2𝐶𝐷  

 

 



Name :_________________                                        Quiz: No. 8                                             Time: 15 minutes 

Student ID# : ____________                        Course: ME 5160, Fall 2022 
------------------------------------------------------------------------------------------------------------------------------------------ 

Solution 

 

(a) For the full-scale simulation: 

𝐹𝑟 = 0.26 =
𝑈

√𝑔𝐿
=

𝑈

√9.81 · 230
→ 𝑈 = 0.26√9.81 · 230 = 12.35 𝑚/𝑠 

      

(b) Froude scaling: 

 

𝐹𝑟 = 𝐹𝑟𝑚 
 

𝑈

√𝑔𝐿
=

𝑈𝑚

√𝑔𝐿𝑚

 

 

𝑈𝑚 = 𝑈
√𝐿𝑚

√𝐿
 

NMRI model: 

 

 

𝑈𝑚 = 12.35
√7.2786

√230
= 2.197𝑚/𝑠 

 
IIHR model: 

𝑈𝑚 = 12.35
√2.7

√230
= 1.338𝑚/𝑠 

(c) Reynolds scaling: 

 

𝑅𝑒 = 𝑅𝑒𝑚 
 

𝜌𝑈𝐿

𝜇
=

𝜌𝑈𝑚𝐿𝑚

𝜇
 

 

𝑈𝑚 = 𝑈
𝐿

𝐿𝑚
 

 

NMRI model: 

 

𝑈𝑚 = 12.35
230

7.2786
= 390.25𝑚/𝑠 

 
IIHR model: 

𝑈𝑚 = 12.35
230

2.7
= 1052.04𝑚/𝑠 

 

(+3) 

(+0.5) 

(+1) 

(+0.5) 

(+0.5) 

(+0.5) 

(+1) 

(+0.5) 

(+0.5) 
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 (d)  The velocities values found in (c) are not reasonable since their value is too high. They are 
unrealizable in a towing tank facility. For this reason, towing tank experiment used the Froude 
number scaling, and it extracted the pressure force (including wave) component from the 
experiment to estimate the full-scale ship resistance. In case of friction force, the ITTC friction 
coefficient method is typically used to estimate the full-scale ship friction force because the 
Reynolds number similarity is hard to be achieved in towing tank experiment. 
 
 (e) 

NMRI model: 

 

𝐹𝐷 = 0.5𝜌𝐿2𝑈2𝐶𝐷 = 0.5 ∙ 1000 ∙ 7.27862 ∙ 2.1972 ∙ 3.65 ∙ 10−3 = 466.68𝑁 
 

IIHR model: 

 

𝐹𝐷 = 0.5𝜌𝐿2𝑈2𝐶𝐷 = 0.5 ∙ 1000 ∙ 2.72 ∙ 1.3382 ∙ 5.203 ∙ 10−3 = 33.95𝑁 
 
 
 

(+0.5) 

(+0.5) 

(+0.5) 

(+0.5) 

(+1) 


