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1. (25 points)

A liquid flows downward as a laminar liquid film along the inner wall of a vertical tube, absorbing a solute
component from a gas stream rising inside the tube. The tube diameter is 0.050 m, the average gas velocity
is 1.0 m/s, the kinematic viscosity of the gas is 15.0×10−6 m2/s, and the diffusion coefficient of the solute
components is 1.0×10−5 m2/s. The Sherwood number Sh, Reynolds number Re, and Schmidt number Sc
are assumed to follow the correlation Sh = 0.023Re0.83Sc0.44.

(1.1) Calculate the Reynolds number.

(1.2) Calculate the Schmidt number.

(1.3) Calculate the Sherwood number.

(1.4) Calculate the mass transfer coefficient.

2. (25 points)

Consider a binary fluid composed of species A and B, which has a one-dimensional concentration distri-
bution in the y direction. The molar flux of species A is given by

NA = xA (NA +NB)− cDAB
dxA
dy

, (1)

where xi, ci, Ni (i = A, B) represent the mole fraction, molar concentration, and molar flux of component
i, respectively; DAB represents the diffusivity of the component A in B; c = cA + cB. The boundary
conditions are given as xA = x0 at y = 0 and xA = xδ at y = δ. In addition, dNA

dy = 0 at 0 ≤ y ≤ δ. Fill
in the blanks X1-X6 with the appropriate expressions or numerical values.

(2.1) For equimolar counterdiffusion, NA +NB = X1 holds. In this case, integrating Eq. (1) over the

interval [0, δ] yields NA = X2 . Accordingly, the mass transfer coefficient under this condition is

given by k′ = X3 .

(2.2) For one-directional diffusion of component A through stagnant B, NA+NB = X4 holds. In this

case, integrating Eq. (1) over the interval [0, δ] yields NA = X5 . Accordingly, the mass transfer

coefficient under this condition is given by k = X6 .


