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Abstract In this note, the evaporation rate from a ver-
tical wet fabric sheet is calculated using a free convection
heat transfer correlation. Chilton–Colburn analogy is
used to derive a mass transfer correlation from a heat
transfer correlation proposed by Churchill and Chu for
free convection from a vertical isothermal plate. The
mass transfer rate obtained from this expression has
shown excellent agreement with experimental data.

List of symbols

c water vapor concentration (kmol/m3)
C constant
c1w water vapor concentration at the wet-bulb tem-

perature (kmol/m3)
c1¥ water vapor concentration at far field (kmol/m3)
Ĉp specific heat at constant pressure (kJ/kg/K)
~Cp specific heat at constant pressure (kmol/kg/K)
D diffusion coefficient (m2/s)
g gravitational acceleration (m/s2)
h heat transfer coefficient (kW/m2/K)
k thermal conductivity (kW/m/K)
L length (m)
N constant
~Mw water molecular weight (kg/kmol)
~N1 molar flux (kmol/m2/s)
N1 mass flux (kg/m2/s)
NuL Nusselt number
Pr Prandtl number
RaL Rayleigh number
Tf film temperature (K)
Tw wall temperature (K)
T¥ far field temperature (K)

y1w mole fraction of the water vapor at the wall
y1¥ mole fraction of the water vapor at far field
a thermal diffusivity (m2/s)
b thermal expansion coefficient (1/K)
j mass transfer coefficient (m/s)
m kinematic viscosity (m2/s)
q density (kg/m3)
/ relative humidity of the laboratory

1 Introduction

A large number of natural and industrial processes are
involved with coupled heat and mass transfer phenom-
ena. Problems dealing with liquid evaporation often fall
into the category of coupled heat and mass transfer
problems. Fortunately, heat transfer is analogous to
mass transfer in formulation. Analogies among heat and
mass transfer have their origin either in mathematical
description of the effects or in the physical parameters
used for quantitative description [1–4]. This analogy can
help constructing correlations for mass (heat) transfer
problems based on available correlations obtained for
analogous heat (mass) transfer problems. In this work
we use the well-known Chilton–Colburn analogy to
derive a correlation for the free convective mass transfer
from a wet fabric. We derive such correlation from the
well-known Churchill and Chu correlation obtained for
the free convection heat transfer from a vertical iso-
thermal plate [5]. We also conduct a few experiments to
compare the predictions of our correlation with the
experiment.

2 Problem formulation

The Chilton–Colburn analogy relates a heat transfer
problem to its analogous mass transfer problem as de-
scribed by Eq. 1. The Chilton–Colburn analogy is valid
for laminar and turbulent boundary layers on flat plates
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