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Representative radial velocity profiles are presented in 
Fig. 3. In general V, is seen to increase with increasing z 
in the neighbourhood of the wall, attain a maximum, and 
then to decay asymptotically to zero at large z. The effect of 
slip is to diminish somewhat the magnitude of the velocity 
maximum and to shift its location closer to the wall. 
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1. INTRODUCTION 

FOR THE experimental verification of mass transfer theories, 
the measurement of the local and time-dependent concentra- 
tion distribution within the boundary laye? appears to be 
essential. Probe techniques, however, are for this purpose 
limited to measurements in the gaseous phase. For the very 
thin liquid boundary layers, only optical methods seem 
applicable. Indeed, interference methods have been adapted 
by Lin et al. [l] to a solid-liquid interface and by Jepsen 
et al. [2] to a gas-liquid interface. A great disadvantage of 
the interference method is that the direction of observation 
must be parallel to the boundary surface, and therefore only 
an averaged value along this direction is obtainable. 
Furthermore the boundary surface must be plane. 

2. THEORETICAL BASIS AND 
DESCRIPTION OF THE METHOD 

The use of a pH-indicator offers another possibility of 
neasuring the concentration distribution. This method has 
been adapted to the case of mass transfer from the gas phase 
to a falling film [3, 43. Here the direction of observation is 

perpendicular to the interface and the resolution in direc- 
tions along and perpendicular to the interface is very high. 
The time average of the local concentration distribution 
was evaluated and from this the spatial distribution of the 
effective di~usivity. This gives a detailed picture of turbulent 
mass transfer. 

Mass transport is obviously interrelated with the wave 
formation in the falling film. This calls for an extension of 
the pa-indicator method which would allow to recognize 
the correlation between wave dynamics and transport 
mechanism. A solution to this problem was found in a 
double-ray technique which was originally developed for 
the measurement of con~ntration profiles near a solid 
wall. The method was adapted to the falling him by T. Melin 

c51. 
The new method makes use of the fact that many colour 

indicators-as well as a few fluorescent indicators- 
exhibit one or more so-called isosbestic (isoemissive) points 
(Fig. 1). When gaseous ammonia is absorbed in a falling 
lilm of a diluted strong acid, containing a minute amount 
(about lo-$ moles/l) of the fluorescent indicator acridine, 
two distinct regions are formed (Fig. 2): at the surface an 
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Wave -length, h 

FIG. 1. Emission spectra of acridine (lo- ’ moles/l) stimulated 
by ultraviolet radiation (365 nm). At the isoemissive wave- 

/length the emissivity is independent of the pH-value of the 
film. 

FIG. 2. Absorption and reaction of NH, in falling film. 

alkaline region of depth y,, where ammonia is in excess, 
and an acidic region comprising the rest of the total film 
thickness y,, where non-reacted acid still exists. The smaller 
the concentration of the entering acid, the greater the value 
of y,. It has been shown that this offers a possibility to 
evaluate the concentration profile [3,4]. 

When the film is exposed to ultraviolet radiation, the 
acridine indicator emits light with a wave-length distribu- 

41 ‘UV-irradiation 

FIG. 3. Optical apparatus. (1) Liquid falling film. (2) lenses. 
(3) interference filter I,, (4) interference filter A,, (5) photo- 
multiplier, (6) semitransparent mirror and (7) quartz-glass 

window. 

tion according to Fig. 1. The emitted light is collected by a 
lense and divided into two parts, each one passing through 
an interference filter which transmits a narrow band at the 
wave-lengths 1, and Iz, respectively, and thereafter focused 
upon a photomultiplier (Fig. 3). I, is chosen at the iso- 
emissive point, whereas at the wave-length I, practically 
only the alkaline region of the liquid emits light. (The small 
contribution of the acid emissivity can be compensated 
against the Ii-intensity in a bridge circuit.) 

For the anode currents i, and i, of the two multipliers 
we have 

i, = A, e, y,, 

i, = A,. ez y,. 

Therefore the signal at the isoemissive wave-length 1, 
gives the instantaneous and local value of the film thickness 
y,, whereas the signal at the wave-length A2 gives at the 
same time and on the same spot of the film the distance ~~ 
between the phase boundary and the neutralisation plane 
within the film. The constant factors A, e, and A,. e2 are 
determined by calibration in a cuvette of known thickness. 
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NOMENCLATURE 

heat capacity ; 
constant ; 
temperature distribution function at time t, : 
thermal conductivity ; 
solution function ; 
period of heat generation ; 
amount of energy generated instantaneously per 

unit length ; 
amount of heat generated per unit length per unit 

time : 
radial position : 
time ; 
temperature : 
density ; 
transformation variable. 

INTRODUCTION 

THE PROBLEM treated in this work is 
temperature distribution in an infinite 

that of finding the 

medium during and 

following the generation of energy over a finite time period 

by an infinite line source. If the solution to a unit instan- 

taneous line source is known and integrable, the temperature 

distribution resulting from a line source can readily be 

found by integration. The solution to a unit instantaneous 
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line source is given in Carslaw and Jaeger [l] as obtained 

by Green’s functions. It is a simple expression but is not 

always easily integrable. especially if the heat generation 

rate varies with time 

SOLUTION TO LINE SOURCES AND SINKS IN AN 
INFINITE MEDIUM 

The energy equation for the region around an instan- 

taneous line source generated at time t = t’ can be written 

as 

, t > t’ 

with boundary conditions 

T(t, ‘r’) = 0 

dT 
$f.O) =o 

and global conservation ofenergy expressed as 

2nypcTrdr = Q’ 
b 

(1) 

(24 

(2b) 

CM 

where Q’is defined as the strength of the source. 
The solution to the above equations can be given in the 

form of a series (2) 

a 

T(t.r)= =s C,M, exp ( - $i2) 
~~- hn+l__ (3) 


