
ENGINEERING TRIPOS PART IIB 2023 

MODULE 4A10 

 

Detailed comments 

 

 

Question 1 

Linear stability of a shear flow  

This question, attempted by the majority, required the manipulation and interpretation of a dispersion 

relationship governing the linear stability of a shear flow with surface tension. Whilst not at all 

straightforward, the vast majority of attempts were generally sound, with a number being excellent. 

Question 2 

Flow instability 

This question, attempted by the majority, challenged the students on a broad range of material across 

the course, spanning energy arguments for centrifugal instability and density stratified shear flows 

together with aspects of capillary jet instability. Unlike question 1, this question required knowledge 

of some bookwork and although generally tackled well, numerous solutions gave solutions that were 

somewhat sloppy or incomplete, missing key aspects of the rigour required for the derivations sought. 

Question 3  

Added Mass 

 

This question was difficult and was only answered by seven students. In (a), no students took the hint 

to consider frames of reference moving at speeds V1 and V2, and no students found another way to 

show that the boundary conditions were satisfied. Marks were given to students who started 

in broadly the right direction and explained what they were trying to do. Section (b) was answered 

perfectly by two students, who used the unsteady Bernoulli equation to integrate p around the surface 

of the inner cylinder. Some students tried to integrate the kinetic energy over the volume of the fluid, 

which would probably work but was not successfully shown by anybody. Some students gave 

excellent physical explanations for the variation of added mass with a2/a1. Part (c) was well answered 

by six out of seven students, even if they had not answered (a) and (b) well. 

 

Question 4 

Flutter 

 

This question was a standard flutter question and was answered well by many students. Around half 

the students showed a good physical understanding of the process. Sections (a), (b), and (d) were 

answered well by almost every student. In section (c), most students answered the first part well. 

Many said (correctly) that the centre of mass should move backwards but did not explain why. In (c) 

many students saw the relationship with flutter but only around one third explained this well. 

Common errors were to state that the system would need to be unstable to flutter to obtain thrust, 

when the reverse is true. No student explained why, or commented that, the centre of mass must be 

forward. Some students wrote lengthy explanations about thrust and drag on the airfoil at different 

moments in the cycle but this was not required because it is implicit when describing this motion as 

the opposite of flutter.  
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https://www.youtube.com/watch?v=5XeskRF4jEA
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