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Wall flow is studied in dependence on parameters of the trickle bed reactor (bed height, type and 
size of packing, size of reactor). Empirical equation is given by which the wall flow rate can be 
calculated in a packed porous and non-porous bed with the central source. 

The wall flow i.e. the ratio of liquid flowing downwards the wall to the total liquid 
flow rate in the reactor is one of important parameters in the design of trickle bed 
reactors. As the liquid flowing downwards the wall is not fully utilised for the catalytic 
reaction, the effort is to minimalize its quantity. Once the wall flow rate exceeds some 
reasonable limit (usually 5 to 10%) it is necessary to instal redistributors at certain 
distances in the reactor which are returning the liquid back into the packing. The 
wall flow rate depends on many factors: reactor size, bed height, size and type of 
packing, physical properties of fed liquids, type of material of which the reactor wall 
is made etc. In this study, which is related to the preceding pape r s 1 - 3 , the attention 
is paid mainly to the qualitative description of dependence of the wall flow on the 
bed height and type of packing and on the size of reactor and packing. A simple 
equation was looked for which would enable generalization and quantitative ex-
pression of the found dependence. 

T H E O R E T I C A L 

The relations resulting from mathematical models of liquid distribution in a randomly 
packed bed of catalyst3 can be used for calculation of the wall flow in dependence 
on the bed height. The model according to Stanek and Kolar6 which is very accurate 
can be applied and the relation for calculation of the wall flow rate at wetting the 
bed by a central point source in the form 

w = f 1 _ y 2 [ ( g ; / l ) - 2 C ] e x p ( - ^ T ) 
P \l + C A {[(q2jB) - 2C]2 + qt + 4 C } J 0 ( q n ) 

* Part IV in the series Liquid Distribution in Trickle Bed Reactors; Part III: This Journal 40, 
845 (1975). 
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is obtained. Equation ( / ) is disadvantageous though it is very accurate because of 
the complexity of calculation namely due to three constants which must be determined 
for each packing and/or the changing sizes of the reactor and packing. Thus an 
equation was looked for which would enable a quick and simpler calculation of the 
wall flow rate with a sufficient accuracy. 

Several empirical equations were tested which with differing accuracy describe the 
experimental dependence of the wall flow on the bed height at its wetting by a central 
point source. 

The most suitable has proved to be the exponential relation 

y = b[ 1 - exp(fe1x)] , b < 0 (2) 

in a dimensionless form. 

The dimensionless bed height Z = zjdk and the initial bed height zp were defined. 
Here zp is the height necessary for the liquid to reach the wall at the given experimental 
arrangement (region of limited bed of random packing). On basis of the probability 
considerations (deviation f rom the vertical flow in the radial direction which is at 
the contact of the liquid element with the particle of the packing proportional to 
dkjdp and the number of collisions proportional to dk) so that it can be assumed that 
the initial bed height is proportional to the ratio d l jd p and thus for its dimensionless 
form holds 

Zp = kd,dp . (3) 

Constant b f rom Eq. (2) was for the physical interpretation substituted by the wall 
flow rate in the region of equilibrium liquid distribution Wd(oo). 

Under these assumptions it is possible to write Eq. (2) for calculation of the wall 
flow rate at wetting the randomly packed bed by a central point source in the form 

Wp = Wp(oo) [1 - exp ( ^ Z , ) ] , Z l = Z - Z p . (4) 

TABLE I 

Constants in Eq. (4) for the Studied Packings 

Packing k 

A 0054 -0 -6684 
A, B, C 0 042° — 0-6393" 
D 0101 -0 -3904 

'Valid for all the specified types. 
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Constants of this equation can be evaluated by the method of the least squares from 
the linearized form of Eq. (4). The constants calculated for various packings are 
given in Table I. 

E X P E R I M E N T A L 

The wall flow rate was measured by the apparatus described earl ier1 . The column was 0-251 m 
in diameter while some experimental data were measured earlier on columns of diameters 0-159 and 
0-084 m. In these experiments the modified base plate was applied which made possible the mea-
surement of the wall flow ra te 4 . Other parts of the appara tus remained the same. Wetting in the 
majori ty of experiments was made by the central point source. At wetting the same procedure as 
in the recent s tud ies 1 , 2 was applied. The fed liquid was water. The used types of packings of porous 
and nonporous character are given in Table II. The discussed wall flow rates represent their mean 
values in the region of initial wetting densities f0= 1 to 15 m 3 / m 2 h . 

R E S U L T S A N D D I S C U S S I O N 

Dependence of the Wall Flow Rate on Type and Height of Packing 

With increasing bed height the wall flow increases too, as is obvious f rom Fig. 1 at 
wetting by a central point source. From certain bed height depending on parameters 
of the reactor, type and size of packing, physical properties of the fed liquid etc. 
the wall flow rate becomes constant and is independent on the type of the liquid 
source employed (its value is in the given case within the range of experimental error 
of about 7%). 

The wall flow rate is also significantly dependent on the porosity of packing. This 
becomes obvious from comparison of results given in Table III for porous catalytic 
bed A (Nickel in kieselguhr) and for a non-porous packing D (glass spheres used in 
lithography) when the ratios dkjdp are comparable (18-1 and 16-2 or 9-5 and 8-8). 

TABLE I I 

Characteristics of Packings 

Type N o 
Surface 

area 
m 2 / g 

Porosity 
/o 

Dimension 
m m 

Equivalent 
diameter" 

m m 

Free 
volume 

A nickel on kieselguhr, pellets 195-0 61 9-0 . 7-2 8-8 0-37 
B kieselguhr as carrier 2-9 65 3-9 . 11-7 6-4 0-34 
C kieselguhr as carrier, pellets 2-5 65 5 -7 . 6-8 6-9 0-35 
D glass spheres, l i thographic - 9-8 0-36 

a Equivalent diameter calculated according to H o b l e r 1 6 , deq = 1-241 ( F p ) 1 / 3 . 
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TABLE I I I 

Wall Flow Rates for Packings A and D in the Region of Equilibrium Liquid Distribution at 
Wetting by a Central Point Source in Columns with Diameters 159 and 84 mm 

Column ID 0-159 m Column ID 0-084 m 

bed height wall flow rate b e d height wall flow rate 
m packing A packing D m packing A packing D 

0-70 15-2 20-6 0-55 38-2 42-1 
0-80 16-0 25-4 0-75 38-7 46-8 
0-90 15-0 28-4 0-85 38-5 48-0 
1-00 15-9 28-6 1-05 37-7 47-6 

For the same value d k jd p which for non-porous packings equal to 16-2 and 8-8 the 
equilibrium wall flow rate for porous packings can be read off from Fig. 2 (16-0 
and 37-5%) which is also considerably lower than in the case of non-porous packing. 

Larger wall flow rates with non-porous packings (20 to 40 rel. %) were also found 
in other measurements5 . They can be also confirmed by comparison of wall flow 
rates for non-porous packings of various shapes and types (glass spheres, Raschig 
rings, packing Intalox, Berl saddles and ceramic c y l i n d e r s ) 6 - 9 4 3 with our own 
results which were performed on porous packings under similar experimental con-
ditions. 

F I G . 1 

Wall Flow Rate in Dependence on Bed 
Height A 

• Central point source, O uniform source, 
o wall source. 

0 10 20 3 0 J iO 
\/DP 

Fig. 2 
Wall Flow Rate in the Region of Equilibrium 
Distribution in Dependence on Ratio d k /d p 

for Porous Packings A to C 
o A, (3 B , • C. 
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From the wall flow rate for porous and non-porous packings also results that the 
region of equilibrium liquid distribution and thus of the steady state as well is reached 
for the porous packing in lower beds. This is in agreement with the found value of 
the spreading coefficient D which was greater for the porous packing (D = 0 001939 m) 
than for the non-porous glass spheres (D = 0-001415). 

Dependence of Wall Flow Rate on the Size of Reactor and of Packing 

The effect of the size of reactor and of packing on the equilibrium wall flow rate is 
characterized by the ratio of the reactor diameter to the packing element dk ldp . 
In general it holds that with decreasing ratio dkjdp the wall flow rate increases. For the 
non-porous packing was earlier recommended the limiting value of the ratio d k jd p — 8 
to 12 which should have ensured the minimum wall flow r a t e 1 0 - 1 2 . Recently the value 
25 to 30 has been g i v e n 1 3 - 1 5 . For the porous catalytic packing the limiting ratio 
dk/dp has not yet been published. 

The dependence of the mean wall flow rate on variable ratio dkjdp for porous 
packings A to C in the region of equilibrium liquid distribution is given in Fig. 2. 

FIG. 3 F IG . 4 

Compar ison of Theoretical Curve for Wall 
F low Rate Obtained f r o m Eq. (4) with Expe-
r imental D a t a 

Packing A, central point source, column 
I D 0 084 m. 

Compar ison of Calculated (Eq. (4)) and Ex-
per imental Wall Flow Rates fo r Columns 
with I D 0-251, 0-159 and 0-084 m with 
Packings A to C at Wett ing by a Central 
Point Source 

Packing A 3 I D 0-251 m, o I D 0-159 m, 
O I D 0-084 m. Packing B ® I D 0-159 m, 
o I D 0-084 m. Packing C © I D 0-159 m, 
O I D 0-084 m. . 
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It was obtained by changing the diameter of the column while the size of the packing 
elements was kept constant. It is obvious from this dependence that for the wall 
flow rate lower than 10% of the over-all liquid flow rate it is necessary to keep the 
ratio dk/dd > 25 for porous packing of similar properties like those of A to C. It 
can be expected that the wall flow rate for dkjdd > 30 will be independent on this 
ratio. 

For non-porous packing the limiting ratio dkjdp = 8 to 12 is also quite insufficient 
which has been confirmed by our own data as well as by literature data (Table IV). 

Calculation of Wall Flow Rate 

Equation (4) was verified by comparison of calculated wall flow rates with the ex-
perimental data obtained by wetting the packings A to D in columns with the ID 0-084 
to 0-251 m. As is obvious from Fig. 3, the wall flow rates calculated in dependence 
on the bed height are in a very good agreement with the experimental data obtained 
at wetting columns with different diameters. Relatively worse agreement of calculated 
and experimental wall flow rates is obtained at wetting the non-porous packing 
(<7 max. 21-3%) and can be explained by a greater scatter of experimental data in 
the measurements made with this type of packing4 . 

Equation (4) was also modified for generalised calculations of the wall flow rates 
at wetting the porous packings of various types which have similar properties. The 
constants substituted into this equation were always the same for all the studied 

TABLE I V 

Equilibrium Wall Flow Rate in Various Non-Porous Packings in Dependence on Ratio d k /d p 

Type of packing djdp 

Equilibrium 
wall flow rate 

/o 
Reference 

Raschig rings 4-0 87-0 8 
Raschig rings 6-0 68-0 8 
Raschig rings 6 0 51-0 7 
Raschig rings 8-0 54-0 8 
Glass spheres 8-8 47-5 this study 
Raschig rings 10-0 37-7 7 
Intalox 10-0 41-9 7 
Glass spheres 10-8 30-0 6 
Raschig rings 12-0 40-0 8 
Raschig rings 12-0 36-8 9 
Glass spheres 16-2 28-5 this study 
Raschig rings 16-7 25-0 7 
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p o r o u s pack ings (A to C) while the equi l ibr ium wall flow ra te was fo r var iable 
d j d p calcula ted f r o m the curve p lo t ted in Fig. 2. The dependence on Fig. 4 proves 
a cons iderab le ag reemen t of calcula ted a n d exper imenta l values. The difference 
a p p e a r i n g in regions of larger wall flow rates is, first of all, the result of an er ror 
with which the equi l ibr ium wall flow rate is es t imated fo r small values of ra t ios 
dkldp. 

The cons tan t s subs t i tu ted in to Eq. (4) a re valid fo r pack ings with similar proper t ies 
as those of A to C bu t it can be expected tha t they will be also sui table fo r o ther types 
of catalyt ic p o r o u s packings . 

The advan t age of the p roposed Eq . (4) is in its simplicity a n d tha t it can be appl ied 
t o systems with di f ferent ra t ios d k j d p w i thou t the need to de te rmine the values of 
cons tan t s . 

Redistributors 

F o r the equ i l ib r ium wall flow ra te exceeding the requ i red limit (at dkjdp < 25), it 
is necessary to install red is t r ibu tors in the reac tors which are reversing the l iquid 
reac t ion mix tu re back in to the pack ing . The d is tance a t which the red i s t r ibu tors 
should be loca ted a t wet t ing the given types of catalyt ic pack ings by a centra l po in t 
source can be es t imated on basis of the discussed equa t ion fo r ca lcula t ion of the 
wall flow ra te (4) f r o m the re la t ion 

= in W - ^ V (5) 
d p 0-064 V U ' p K ) ) 

LIST OF SYMBOLS 

B number for transfer of liquid into the wall 
b, b1 constants 
C distribution number 
D spreading factor (m) 
dk diameter of reactor (m) 
dP diameter of packing element (m) 

fo initial wetting density ( m 3 m - 2 h - 1 ) 
Jo Bessel function, first type, zero order 
k constant 
cln roots of transcendent equations 
T = Dz/a2 dimensionless spreading factor 

volume of element 
W wall flow rate ( m 3 h _ 1 ) 
Wv ratio of wall flow rate to over-all flow rate (%) 
Wp{oo) ratio of wall flow rate to the total flow rate in the region of equilibrium distribution Wp{oo) 

(%) 
experimentally determined wall flow rate (%) 

Collect ion Czechoslov. Chem. Commun. [Vol. 40] [1975] 
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w p. t calculated wall flow rate (%) 
A dependent variable 
.V independent variable 
Z = z/dk dimensionless bed height 
Z P dimensionless initial bed height 
z bed height (m) 
zp initial bed height (m) 
zr bed height for location of redistributors (m) 
a relative mean deviation in calculations of wall flow rates (%) 
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