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Abstract−− A laboratory experiment to reinforce 

the basic concepts of non-ideal flow is described. It 
consists of simple pulse-response measurements for 
gas that is flowing through an empty and a packed 
bed. It can provide information on the residence-
time distribution function and other vessel parame-
ters. Experimental results are compared with those 
predicted by the axial dispersed plug-flow model in 
order to obtain the Peclet number and the dispersion 
coefficient that characterize the flow behavior. 
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I. INTRODUCTION  
Undergraduate students at PLAPIQUI receive a formal 
course on kinetics and reactor design in the fourth year 
of their chemical engineering studies. Following well-
known reactor-design textbooks (Smith, 1981; Levens-
piel, 1972; Froment and Bischoff, 1979; Butt, 1980; 
Fogler, 2006), the basic design equations are introduced 
under the assumption of ideal flow behavior. The more 
realistic non-ideal situation, mainly arising from 
changes in the expected residence-time distribution, is 
then presented. The inherent difficulty of this subject 
may in part be overcome by experimentation. Conse-
quently a laboratory experiment has been set up in our 
advanced Chemical Engineering Laboratory course. It 
consists of a simple stimulus-response experiment fol-
lowed by qualitative and quantitative analysis of the 
elution curves by using the theory detailed in reactor 
textbooks. The necessary apparatus can be set up using 
common pieces of equipment that are no longer used for 
research work due to their technical obsolescence. The 
measurements and subsequent data analysis allows the 
students to reach the following objectives: 

1-  to observe deviations from plug-flow behavior in 
an empty and packed bed tube. 

2-  to estimate the dead volume of the connecting 
lines and the void volume of a packed bed. 

3-  to determine the residence-time distribution 
function for an empty and a packed bed tube. 

4-  to compare the concentration-versus-time curves 
with the prediction of the axial-dispersion model 

5-  to determine the Peclet number and the diffusion 
parameter, and to compare the resulting values with 
those derived from existing correlations. 

II. BACKGROUND 
Although the relevant theory is available in several text-
books, the main concepts and equations are reviewed 
here in order to facilitate the analysis of experimental 
data. As an introduction to the subject, the concept of 
distribution function is reviewed, and then the Resi-
dence-Time Distribution Function (RTDF) of a vessel 
with constant flow is presented. This dimensionless 
function, called F(t) by Levenspiel (1972) and Fogler 
(2006), is defined as the fraction of the exit stream with 
an age minor or equal to t. Consequently dF(t), which is 
the fraction of the exit stream with a residence time be-
tween t and t + dt , is the following:  

 dF(t) = E(t)dt . (1) 

 The E(t) function is also used as a RTDF. It is the 
time derivative of F(t) and gives the fraction of the exit 
stream that has a residence time equal to t. Conse-
quently the relation between F(t) and E(t) functions is 
emphasized. For a vessel of unknown mixing behavior, 
the RTDF could be obtained by stimulus-response ex-
periments; a pulse-response experiment leads directly to 
E(t), while a step-response experiment provides enough 
information to evaluate the F(t) function. In the former 
case, a fixed amount of tracer (M) may be injected in a 
short period of time into the carrier flow. Dispersion 
effects in the vessel volume will lead to a concentration-
versus-time curve, which allows the calculation of the 
fraction of fluid with an age t as follows: 
 E(t) = (C(t)Q ) M,  (2) 
where C(t) is the tracer concentration at time t, in 
mole/cm3, and Q is the volumetric flow-rate  in  
cm3/min. 

 The mean residence time, defined as the ratio be-
tween the reactor volume and the flow-rate (V/Q = tm), 
is often introduced in Eq. (2) to obtain a dimensionless 
residence time, θ=t/tm. If E(t) dt is the fraction of fluid 
with a residence time between t and t + dt, it follows 


