
Y = a V + b  (1) 

A relationship between slope a and length 1 was found empirically, 
which, introduced into Eq. 1, gives: 
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Y (%) = 29.5 - 1.48 Q 

1 : length of zone A (cm) 

Q : Cle flow rate (cm3/s) 

The chlorine conversion rate is then given by Eq. 3 

% conversion = (29.5 - 1.48Q (1 - e-3.151) (3) 

Equation 3 allows the conversion rate and hence the production 
of our reactor to be predicted. 

Curves were plotted using data obtained from Eq. 3. For ex- 
ample, in the case of Figure 3, reaction rate was computed for 
different length and flow rates, the amount of absorbed photons 
being constant. It is interesting to note that in this case, for each 
value taken for 1,  there is a particular flow rate for which reaction 
rate is optimized. The results presented in Figure 3 are consistent 
with the theory proposed by Lucas (1982). 

These experiments demonstrated once more the possibility of 
transfer of radicals through a grid, and the potential advantages 
of segregated photoreactors. 

The effect of the length of the irradiation chamber is underlined, 
and the data obtained are in good agreemerit with the work of 
Lucas (1973, 1982), which deals with the transfer of any kind of 
activated particle. It would, therefore, be interesting to investigate 
the transfer of activated species other than radicals. 
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A widely used correlation (Collier, 1972; Hsu and Graham, 1976; 
Rohsenow, 1973) for prediction of convective boiling heat transfer 
coefficients was developed by Chen (1966). Although alternative 
approaches have been proposed by others (Borge et al., 1982), the 
Chen correlation remains widely used (Butterworth, 1982). Based 
on the concept that heat transfer is caused by two interacting, ad- 
ditive mechanisms (the ordinary macroconvective mechanism and 
a bubble-induced microconvective mechanism), the Chen corre- 
lation was first derived for the case of saturated boiling of single- 
component nonmetallic fluids and later extended to liquid metals 
(Chen, 1963) and subcooled boiling (Butterworth, 1972). 

The Chen correlation includes two dimensionless empirical 
functions: an effective two-phase Reynolds number function, F, 
and a bubble-growth suppression function, S. In the original cor- 
relation, F and S were present as empirical graphical functions. 
Presently, most users utilize tables or piecewise fits to these 
graphical functions. Explicit expressions for these functions would 
be more useful for computer design and performance studies, 
especially when analyzing the parametric sensitivity of heat 

transfer rate to the various operating variables. As a minor, but 
useful contribution, this paper presents analytical representations 
for the F and S functions. Momentum transfer analogy is used to 
develop a physically meaningful explicit representation for the 
two-phase Reynolds number function, F. Additionally, an explicit 
equation is also developed (empirically) for the supresion function, 
S. 

As shown by Chen (1966), the F function can be related to the 
Lockhart-Martinelli pressure drop factor by means of the heat 
momentum transfer analogy, 

where 4ttt is defined as the ratio of frictional pressure drop for 
two-phase flow to that for liquid-phase flow alone. 

The Martinelli parameter (Lockhart and Martinelli, 1949) is 
defined as, 

XFt (e) 2 
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Figure 1. Comparison between the experimental data and equation (4). 

Using Wallis’ (1969) separate cylinders model for turbulent 
flow, 

(3) 

when n z 4 for the turbulent-turbulent regime. Combining Eqs. 
1 to 3, we obtain the final expression for the F function, 

(4) F = [ 1 + X , ,  -0.511.78 

where 

Figure 1 shows that Eq. 4 provides a good representation of the 

The following empirical correlation is proposed to fit the sup- 
original empirically derived F function. 

pression function s, 
S = 0.9622 - 0.5822 (5) 

where 

Re = ReL * F 

As shown in Figure 2, Eq. 5 gives a very good representation of 
the experimental values of the S function, with a slight overpre- 
diction in the range of high Reynolds numbers. However, the mi- 
croconvective contribution is very small in this range and the error 
introduced in the prediction of the overall two-phase heat transfer 
coefficients is negligible. 

The derivatives of the two correlating functions F and S, ob- 
tained from Eqs. 4 and 5, are: 

(7) 

0’ I I I I l l ,  

104 10 5 106 

Re=Re,x F’ z 5  

Flgure 2. Comparison between the experimental values of the suppression 
function and equatlon (5). 

The above analytic representations for the F and S functions 
should be helpful in the thermal design of convective boiling sys- 
tems. 

NOTATION 

F 
R e  
ReL 
S = suppression factor 
X = weight fraction, vapor 
X f t  = Martinelli parameter 
z = weight fraction, liquid 

= Reynolds number factor, (Re/ReL)O.* 
= effective Reynolds number for two-phase fluid 
= Reynolds number for liquid fraction 

Greek Letters 

#Jut$ 

p~ = viscosity, liquid 
pu = viscosity, vapor 
p~ = density, liquid 
po = density, vapor 

= two-phase pressure drop factor, liquid 
= two-phase pressure drop factor, vapor 
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