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Abstract -1 In the present study, the liquid (water) holdup 
distribution was measured in a packed column (7.62 cm 
diameter) filled with 0.9 cm glass Rashig rings using 
noninvasive gamma ray technique. Three different radioactive 
sources: 11,1 MBq 60Co (1133 keV), 74 GBq 131I (380 keV), and 
740 GBq 99mTc (140 keV)  with a CsI(Tl) detector coupled to a 
photodiode were used to scan the column. The primary 
objective is to detect spatial patterns and statistical information 
on liquid distribution in packed distillation columns. Vertical 
scans, at different positions of the packed bed, were made for 
different liquid and gas flow rates. A mathematical relation 
based in the transmission radioactive by materials was used to 
calculate the spatial variation of liquid holdup along the 
column. It was found that the liquid holdup distribution was not 
uniform and that the liquid distributor design had a significant 
effect on the holdup distribution. The system proved to be very 
useful in monitoring the condition of the process of packed 
column showing liquid distributions. The better results were 
found using a 99mTc source.  Flooded sections in the column can 
easily be identified using this technique.

I. INTRODUCTION

Distillation, absorption and liquid–liquid extraction are 
among typical applications of mass transfer equipments. 
Packed columns are used extensively in separation processes 
involving gas and liquid due to their low pressure drops, high 
capacities and high efficiencies. Compared with tray 
columns, the design and scale-up procedures for packed 
columns are less reliable due to the lack of understanding of 
flow hydrodynamics and mass transfer processes [1]. It has 
long been recognized that liquid holdup is one of the most 
important parameters that affect flow distributions, pressure 
drops, and separation efficiencies in packed columns  There 
exist a few studies on the measurement of liquid holdup 
based on the whole column. However, the liquid holdup 
varies locally due to the inhomogeneous structure of the bed 
[2–11]. Knowledge of such local information of liquid 
holdup is essential for any rigorous analysis of fluid 
dynamics and mass transfer efficiencies. Liquid holdup is 
defined as the volume fraction of the bed occupied by the 
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liquid at a given operating condition. The total liquid holdup 
consists of static holdup and operating holdup [1,4, 5]. Many 
researchers found differences between static holdup and 
operating holdup [4]. The static holdup is defined as the 
liquid held in the contacting points between packings and on 
the packing surface which does not drain when the liquid 
supply to the column is discontinued. The operating holdup 
represents the liquid which will drain from the packing. 
There have been two major approaches to measure liquid 
holdup in the literature: draining method [2–4] and tracer 
method [5–11]. Elgin and Weiss [2] measured liquid holdup 
for four different types of packings (4.03-cm. clay Raschig 
rings, 0.635-cm. porcelain Berl Saddles, 1.27-cm. clay Berl 
Saddles and 1.27-cm. clay Balls) in a 7.62-cm. glass column 
by draining method. They found that liquid holdup was 
almost independent of gas rate and varied linearly with liquid 
rate below loading point. Using the same method, Jesser and 
Elgin [3] investigated the effect of liquid physical properties 
on liquid holdup for different sized packings without gas 
flow. Shulman et al. [4] measured total, static and operating 
holdup for ceramic Berl Saddles and Raschig rings, and they 
used their holdup data to successfully explain the significant 
differences observed when gas-phase mass transfer rates 
were measured by absorption and vaporization methods, 
respectively. The draining method involves the interruption 
of flow hydrodynamics due to the need to simultaneously cut 
off the liquid inlet and the outlet to the column. Van Swaaij 
et al. [6] proposed to use impulse tracer technique to measure 
holdup and residence time distribution in the liquid phase. 
They showed that the liquid holdup measured by the draining 
method and tracer method is equivalent and the entire liquid 
holdup is accessible to the tracer. However, it has been 
argued that the response to an impulse input may not include 
static holdup due to the fact that the short-lived tracer does 
not stay long enough in the packing to cause interaction with 
the static holdup [9–11]. Hence several researchers have used 
step decrease tracer approach to study static and operating 
holdup [9–11]. It was found that the static holdup determined 
by the draining method is greater than that determined by the 
tracer method. The draining method or tracer method can 
only give the average holdup for a whole packed column; it 
cannot offer any information on how the liquid is distributed 
in packings. Thus the effect of liquid distributor design could 
not be studied. In reality, the liquid holdup can vary with 
spatial position and this information is very important for a 
better understanding of flow hydrodynamics and mass 

0-7803-9221-3/05/$20.00 ©2005 IEEE

2005 IEEE Nuclear Science Symposium Conference Record N14-86

519



transport in packed columns. Recently Toye et al. [12] have 
used the X-ray computed tomography to measure local liquid 
holdup in a packed bed filled with Cascade Mini-Ring 1A 
packing elements. From the reconstructed images, they can 
vividly demonstrate spatial flow variations. Another 
technique to measure local conditions is gamma ray 
tomography. This radiation scanning technique has been 
successfully used in the trouble shooting of distillation 
columns [13–19]. It allows engineers to study tray or packing 
hydraulics inside of a column at any set of online conditions 
without the need to interrupt column operation.  

II. MATERIAL AND METHODS

The experimental setup, as shown in Fig. 1, consists of a 
7.62 cm diameter cylindrical column filled with 0.95 cm 
glass Rashig rings, a liquid feed pump, a liquid distributor, a 
gas feed system and a gamma ray emitting and detecting 
system. The holdup measurements were taken at different 
packing depths. The gamma ray scanner had a CsI(Tl) 
detector and 60Co, 99mTc, and 131I sources. A schematic 
diagram of gamma ray attenuation measurement is shown in 
Fig. 2.  
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Figure 1. Experimental Set-up. 

The gamma scanning measurements were carried along 
the column with tree different liquid flow rates 4, 10 and 20 
gal/h with a fixed gas (air) flow of 2 ft3/min. At each plane 
and a fixed liquid flow rate, the source-detector system was 
moved around the track through 3 equally spaced, premarked 
positions. The measurements were first made for the dry 

column to obtain the base line data for each of the scanning 
points. The same measurements were later made at the same 
positions with liquid circulating through the column. The 
average liquid holdup along each direction was then 
calculated based on these measurements as outlined in the 
next section. 

Figure 2. Scan system. 

Determination of liquid holdup

If a gamma ray passes through a medium, its intensity will 
reduce from Io to I due to the absorption of radiation flux by 
the medium. The relationship between I and Io is given by 
Beer–Lambert’s law:  

( )−= dL
Io
I

μexp   (1) 

where Io is the incident radiation intensity. I refers to the 
intensity measured after the gamma ray passes through 
attenuating medium of length L. and μ is the attenuation 
coefficient of the medium. From the measured I and Io, the 
attenuation A can be calculated as: 

=−= dL
Io
IA μln   (2) 

Depending on the constituting materials of the attenuating 
medium, the attenuation A can vary spatially across the 
column cross section. When the gamma ray passes through a 
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column filled with glass Rashig rings (dry column), the 
measured attenuation can be expressed in terms of the 
attenuation coefficient as: 

wallwallringsringsairair
ref LLL
Io

I
μμμ −−−=ln  (3) 

where Lair, Lrings and Lwall are the total path lengths of gamma 
ray passing through gas,  packing elements and wall, 
respectively. When there is a liquid phase circulating through 
the same column (wet column), the attenuation can be 
calculated as: 

( ) wallwallringsringswaterwaterwaterairair
hl LLLLL

Io
I

μμμμ −−−−−=ln  (4) 

where Lwater is the total path length of gamma ray passing 
through water phase in the  medium, which is related to the 
liquid holdup. Subtraction of Eq. (3) from Eq. (4), we get 

( ) waterairwater
ref

hl L
I
I

μμ −−=ln   (5) 

In order to get Lwater, attenuation coefficients μ water and μ air

or their difference must be determined first.  This can be 
done through base line shootings. A base line shooting, with 
air as the only medium inside the column (empty column), 
results in 

wallwallwaterair
air LL
Io
I

μμ −−=ln   (6) 

A base line shooting, with water as the only medium inside 
the column, results: 

( ) wallwallbwaterwaterbwaterairair
air

water LLLL
I

I
μμμ −−−−= ,,ln   (7) 

The first term in Eq. (7) represents attenuation through air 
that is outside of the column and in the air space between the 
source and the detector. From Eqs. (6) and (7), it follows 

( ) bwaterairwater
air

water L
I

I
,ln μμ −−=   (8) 

with Iair, Iwater, and Lwater,b known, μwater–μair can be easily 
determined from Eq. (8). Lwater can then be determined from 
Eq. (5). The chord-averaged liquid holdup along the shooting 
path ‘i’ can be calculated by 

iT

iwater
li L

L
h

,

,
=   (9) 

where LT is the total length of a chord along the shooting 
path ‘i’. It can be determined from the geometrical 
considerations. To measure the attenuation along a certain 
chord, the radiation source and detector are aligned on the 
opposite sides of the column, as shown in Fig. 2. In this 
arrangement, the medium is the composite material of the 
column wall, solid packing elements, air, and water if there is 
liquid circulating through the column. At a fixed radiation 
source head and detector position, the radiation intensity 
transmitting through the medium was recorded by the 
detector.  

III. RESULTS AND DISCUSSION

The results from the scans of the column with the CsI(Tl) 
detector  and the  sources (60Co, 131I and 99mTc) are shown in 
Fig.3. The Fig. 3 (a), (b) and (c) shows the average radiation 
intensity transmitted for different liquid flow rates: L= 4 
gal/h (0.93 kg m-2 s-1); L=10 gal/h (2,31 kg m-2 s-1); and  
L=20 gal/h (4,61 kg m-2 s-1). The data were analyzed using 
F–test to compare the standard deviation and T-test to 
compare the means with p=0.05 significance. The standard 
deviation error was less to 0.4%. For each scan lines of head 
and detector positions, the attenuation was first recorded and 
then the chord-averaged liquid holdup was calculated 
according to Eq. (9).  
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Fig. 3 Transmission radiation intensity for: (a) 60Co, (b) 131I and (c) 99mTc. 

Fig. 4 shows the comparison of line-averaged holdup for 
11.1 MBq 60Co (1133 keV), 74 GBq 131I (380 keV), and 740 
GBq 99mTc (140 keV) sources. It is clear that the liquid 
holdup distribution tends to be more uniform at a higher 
liquid flow rate, with a lower variance, improving for the 
99mTc source. It can be concluded that the higher liquid flow 
rate tends to increase the liquid radial spreading and smooth 
out the local flow irregularities. Liquid holdup has been 
experimentally shown to increase with increasing liquid flow 
rate [1, 11], and this has been correctly captured by the 
gamma ray scanning, as can be seen from Fig. 4.  
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Fig. 4 Comparison of scan line averaged liquid holdup for different flow 
rates for: (a) 60Co, (b) 131I and (c) 99mTc. 

Table I shows the average holdup results compared with the 
literature values. In this specific case, the better values were 
obtained using 99mTc source, because it had low energy, 
compared with the others radioisotopes and this propriety 
was more adequate to study the used system due to the small 
dimensions of the column and the material to be of glass. 

TABLE I
COMPARISON OF LIQIUD HOLDUP BY THIS STUDY WITH LITERATURE VALUES

Holdup Sources 
L=4gal/h L=10gal/h L=20gal/h

60Co 0,021 0,039 0,059 
131I 0,092 0,140 0,184 

99mTc 0,013 0,052 0,102 
Literature value [11] 0,01 0,058 0,123 

IV. CONCLUSION

The liquid holdup and its distribution in a packed 
column filled with glass Rashig rings have been studied as 
functions of operating conditions at using gamma ray 
scanning. A radiation transmission mathematic relation has 
been used to calculate the spatial variation of liquid holdup 
trough the column cross section. It was found that liquid 
holdup distribution in randomly packed columns is not 
uniform and strongly depends on liquid distributor design 
and the regime flow. Therefore they can be used as the basic 
tools for the design and scale-up of the packed columns. 
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