ME-446 Liquid-Gas Interfacial Heat and Mass Transfer

Homework 3 - Solution

Problem 1: Natural mass convection

A) SI unit of Rar

[kg/m?] - [m?] - [N/kg]

Pas)-[m2)s]

Rar is non-dimensional.

B) Mass transfer Rayleigh number
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where D is the diffusion coefficient of water vapor in air-vapor mixture.

C) The mass transfer Sherwood number in the case of natural mass convection should be
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where g,,, is the mass transfer coefficient.

Vapor mass flux across the water surface can be expressed as

Jo = gm(pvo — puf)
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= 1102 (pUO - pvf)




Problem 2: Setting up numerical simulation

Assumptions:
e Steady-state
e [sothermal
e No fluid motion
e No mass generation/destruction in the bulk mixture

The governing equation for the domain is

—DyoV2p, =0

Boundary conditions
e Edge 1 — py = pysat(Ts)
e Edge 2 — No flux: Vp, -1n5 =0
e Edge 3 = py = pusat(Tiew)
e Edge 4 — py = pusat(Taew)
e Edge 5 — No flux: Vp, -n5 =0
with n; being the normal vection on the edge i.

The evaporative flux on the sessile droplet interface is

Js = —DyaVpy - 7

Note that since p, is constant along the edge 1, Vp, is indeed in the n] direction.

The simulation setting assumes the vapor domain reaches a steady state much faster than
the liquid-gas interface motion.




Problem 3: Symmetry of diffusion coefficients in an air-vapor

mixture

In a binary mixture case, we have by definition

and

The diffusion fluxes relative to the center of mass of the mixture can be written as

and

VU, = WyUy + WaUq

We +wy =1

jvd = p(wvvv - vam)

jad = p(wava - wavm)

Taking Equation (3) + Equation (4) we obtain

jvd + jad = p(wvvv — WyUm + WV — wavm)

Combining with Equation (1) we have

Jvd + Jad = pUm(l — Wy — wa)

From Equation (2) the right-hand side is null and we have

Thus, we can write

Using Equation (2) we have

Therefore

jvd = _jad
Ow Ow
Doagy = ~Dagy
Ow Ow
Dy = Povy
D'Ua = Dcw

(10)




