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*You may submit your homework to TA (chl_ghdtjr@naver.com) by email or submit to 313-222. 
 
1. A spherical droplet is rotating with an angular velocity wi as it moves with a translational velocity 
of Ui at its center of mass. Assume that the droplet is evaporating uniformly. Is the expression of 
𝑚𝑑𝑈!/𝑑𝑡 = 𝐹! , where Fi is the force acting on the particle, still applicable? Determine by applying 
the Reynolds transport theorem to the rotating, evaporating droplet. 
 
 
2. A droplet is injected with a velocity 𝑣" into a quiescent medium (no motion). The droplet 
evaporates according to the D2-law and Stokes drag is applicable. The drag force is the only force 
acting on the droplet (no gravity) and the mass flux is uniform over the surface. 
 

l Derive an equation for the droplet velocity and distance as a function of 𝑣", t and 𝜏#/𝜏$. 
The definitions of the time constant is the same as we dealt in the class. 
 

l Setting 𝑡 = 𝜏$, evaluate the distance traveled for 𝜏#/𝜏$ ≪ 1.0 and 𝜏#/𝜏$ ≫ 1.0. 
 
 
3. A charged particle is injected into a channel with quiescent fluid and a uniform electric field 
strength. The initial velocity of the particle is Uo and the distance from the injection point to the 
wall (collecting surface) is L. Find the axial distance the particle will travel before it impacts the wall 
in terms of electric field strength, E, the aerodynamic response time of the particle, the charge to 
mass ratio on the particle (q/m), the initial velocity and the distance to the wall. Neglect 
gravitational effects. 

 
 
 
4. Consider a flow of evaporating particles in a one-dimensional (x-direction) duct. The particles 
evaporate according to the D2-law and are always in kinetic equilibrium with the gas. The number 
flow rate �̇� of the particles is constant so �̇� = 𝑛𝑣1𝐴 = 𝑛〈𝑢〉𝐴 = 𝑐𝑜𝑛𝑠𝑡, where n is the particle 
number density. The particle volume fraction is sufficiently small that the continuous phase volume 
fraction can be taken as unity, 𝛼% ≃ 1.0. 
 

l Find an expression for the mass source term in the form of 𝑆$ = −𝑛�̇� =
𝑓(𝑍" ,
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), where 𝑍",  〈𝑢〉", and 𝐷" are the loading, velocity and particle 
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diameter at the beginning station in the tube. The evaporation time constant is 𝜏$ and 𝜌% is 
the gas density. 

 
l Using the continuous phase continuity equation, ∆

∆+
(𝜌%〈𝑢〉) = 𝑆$, find how the velocity 

varies with time in the form of 
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= 𝑓(𝑍" ,
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-"
) and find the velocity ratio when 

evaporation is complete. When you complete the expression for Sm you will find a velocity 
〈𝑢〉 in the denominator which when combined with the continuity equation allows you to 

express 〈𝑢〉 ∆
∆+
(𝜌%〈𝑢〉) = 𝜌%
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