CHAPTER 6

DISCUSSIONS

In this section the following items are discussed ;

1. The assumptions ’%tmﬂcal nodel .

The derivation olves various assumptions

such as ;
v ]
2. The existente-of @ uniformgve locity profile .
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althmsh McHenry (8) mentioned that radial diffusivity is sbout
sixfold less than axial diffusivity for turbulent flow of gases
smong particles , Smith et al (30) demonstrated that unusual radial
velocity profiles can be encountered in the flow of gases through
packed bed at every flow rate . They attributed these spparent
anomalies to variation of void fraction with radial position in the
packed bed . Smith indicated that radial variations of velocities
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exist in pscked columns of various sizes and operating conditions .
However large radial variations of velocities would be expected to
result in & bed curve fitting between thecretical and experimental

curves which is not the case &s shown in sppendix D .

A good fit between a 1 curve to an experimental curve
does not completely : fe_are no radial gradients . I
may simply mean 1 @ coefficient can describe
whatever contributi dd axial dispersion

6.1.2 Velocity p

Volkov et al (£ ation of the velocity

field arised from® the idfi uﬁ ked bed parameter such as

o

particle size distribution
method and the tube  dismeter . 'Ifi‘Ghse where the average particle

icle size , the compaction

sizes is where size JI1strit };— , where particles
are packed 100@? s 1 '%t&mml&rﬂe,i‘tl‘uﬂ
been found thaty dnterstitial  velocity varies to some extent

depending ﬂ‘H&Hﬁf&e% M@Wﬁ’%ﬁn‘ﬁm bt . Ditmcot

the miforn elocity assumption can be ya
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6.2 lnﬂugm:e_nL::cntmllﬂL'mnﬂhlaﬂ
The sattention of this study is confined to the influence of
three controlled varisbles on the saxisl dispersion phenomena ,

particle size , tube dismeter and flow rate .

6.2.1 Particle size



The graphical representation shown in figure 5.1 , 5.2, 5.3 ,
5.4 snd 5.5 infers that at a given tube diameter and a specified
Reynolds number (or velocities for figure 5.5 ) , an increase in
particle size gives rise to lesser axial dispersion . Volkov et al
(9) presented a study fulr ;he elution of hydrogen by nitrogen in a
100 mm diameter tube sndiusing fheee mean particle sizes of 0.36 ,

0.52 and 0.75 mm as shesn in

X

Fig. 6.1 &cle ambe o = Re ]@mubers for dP

edquel to 0.36 (14 0.52 (2) and 0.75 (3) .
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this mrk . In contrast, the plots of E,(cm?/s) versus d as
in figure 6.2 using Hsu & Hyne’s prediction shows a relationship
opposite to that of ours . This controversial aspect reflects that
the dispersion behaviour of small particle size does not obay the
relationship given in eguation 2.3 , especially , the particle size
dismeter term . Therefore some corrections are reguired to provide a
more relisble prediction for small particles .
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Fig. 6.2 Relationship betseen partiele size snd axial dispersion
oefficie e ,,‘:‘P - ‘s eguation .
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6.2.2 Tube di ]B
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sized particles ; data i the 11tﬂﬂtu1‘ﬂ is genera 1lly devoted to

me’»] WM?M%%@%&H ﬁvﬁw used in

According to Gun’'s suggestion (20) , we selected tube to
particle dismeter ratios sbove ten so as to eliminate wall effects .

In addition to ensure the elimination of end effects as suggested by

Scott et 8l (34) , bed length to particle diameter ratios larger

than 50 were also used in this study .
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Figures 5.6 , 5.7 , 5.8, 5.9 and 5.10 indicated effects of
variations in tube diameter . As smaller bed diameter are used , the
lesser the axisl dispersion .

6.2.3 Flow rate

Since velocity x-‘h_‘__ &tmnal to flow rate , so

figure 5.11 present®"the Effect nf vpon axial dispersion .
We find that in "
Hyne (37) modifieg
or 1/Pe = r/(Re} -
predicted curves age Jplotted As¥ i1l strated in figure 6.3 . A
similar tendency of is .\ pored bed \ plotting in E, against u

eater dispersion . Hsu &
= Dy + D.S*u*dp

confirms our results .
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Fig. 6.3 PRelationship between velocity and axial dispersion
coefficient based on Hsu & Hyne's equation .
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6.3

Since our experimental axial dispersion coefficient does not
follow the relastionship given in equation 2.3 . We hereby introduce
a general power law to relate axial dispersion coefficient and the

6.1

ted by graphical methods

In [Ep/Dy d5)°(d¢)9] 6.2
In [Ep/Dy] in (a(U)P(dy)d] 6.3
In [Ey/Dg—=dindg + i {ae(dp)° 6.4
The logarithmic. plot of {cmzfs)m‘lﬁ u (cm/s) as shown in

o 5 D) DRERT AR oo reemi -

similar scrﬂter arises frem the ntEr two pl (E, versus dp

ert B, Perh| 41 popli 34 Fiestea)cff b4 ﬁ frpspectively

The !:'lnpes of these regressions equal to constants b , cand d .
Constant a can be obtained by optimization using the following

criteria

£ = 1/n Z [ Ey(experimental) - E (predicted) 12
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Fig. 6.5 #Axial dispersion coefficient vs particle size for
entire set of data at same fixed velocities

showing linear regression line .

L4

lﬂﬂp

In(U)



75

in (E;/Dy)
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The uptlnuzatlm curve gis given -ﬁ" figure by plotting

Bk LoVl 4 Vie] | e ﬁﬂ&lmmn for

predicting the axial dispersion coefficient as

€, = 2.757(U)1-188(g,)=0.478(q;)1-921(ny,) 6.5

Figure 6.8 depicts the graphical comparison  between
experimental dispersion coefficient and the predicted dispersion

coefficient based on eguation 6.5 .

In (dy)



T 0TOS -

oITi

0.ITO9

0.17T08 -
0.1707 -
0.1706 —
0.1T0S —

01703 -
0.1T02 —
CITOl —

0.7 o
01699 -
0.1 698 -
0.1697 -
0.16286 —
0.1695
0.1694 -
0.1693 -
0.1692 —

olesl

;jyﬁ \A_~'

Fig. 6.7 @

E; (EXP) (Cni/S)

28+
2.8 -
24 <
2.9 -
2 -
1.8
L8

1
0.8 4

*4&#

’\\\\ S 2.9
UL ,;,\\\\ Lt

:I.I‘;'I"'I

.--C___ —_—

E

ﬂuﬂﬂﬂﬂﬂﬁ

mm&wnﬁ MR INgad

i -|.' A *

)\ p—

HIN79

o
0.8 - o
0.4 s
L1 =
oz 4 GEpo
. i
o L T T L] L) L) L] L] L) T T
o 0.4 o8 L2 L& 2 2.4 2.8

E,(Theory)(Cni/S)

Fig. 6.8 Comparison of measured dispersion coefficient with

that obtained with emperical formula .
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6.4

i . epicient

As no propane - methane molecular diffusivity information was
available , here is reported data for similar pairs of hydrocarbons

as given in table 6.1 ngf/{/é
Zit

n,,ri.ﬂ.,' ; presaure in atmosphrres
Syaiem T.OK | ale) ' b o inﬂ' '“_E‘Ef o :,",:?r b
. A -
Fihaor mettane | 2 |oofo) Sl e Sifo s f vio | oo | 41310385 | i
* g errar = fraleulaied = Fapen &
Fy .T_"
"'Zv-"..""",..ﬁ:_:__:}
Source : i : : feid , pp.275
axial dispersion ficients ( obtained for Reynolds numbers
e o 1385 3 VHEI 5 T R o e o
magnitude molecular diffusion cogfmimt {Danf the ethane -

oy R S SRS LREYNEh oo

coeffi ients (E,) are very small and probably can be neglected for
engineering purposes .

8/ See all formula of calculated methods shown in table 6.1 in

reference no. 36
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