arfectad by the presence o abserce of fozm. The correlations cresensed
abgve arz oesed.on a large nurbher of data points, therefore, 1T 1s expacred
the- <chey fescribe the hold-up behavier of moltewn wawxes fairly well., Do

e mods of operaticon in the "Zozmy" recime, with orifice 2znd parfaratad

plate clstributers, Wober rurter srd 2oZumn dismeter hisave o szipnificent
effect or the gas hold-dn, therefore a8 caovrelstinm that scecounts for These
effeccs L5 necessary Zotr preclcoiling toe amveraga gas hold-uz  valuss. Egqua-

tion (VI-14} provides = goed fit of dzta in this regime. In the "slug flow®
snd  “ehurn-surholent! regimez,  hoeld-on s independsnt af colomn  dlameter
and distrioutecr tyoeo.  Fgquatien (VI-14) should be vsed fo predict hold-up
values in. this Zlow rezine. Held-ups  with  Lthe 8¥P disic-ihucor  sTe
essentially fumetionz of the gas welozity clonz. ln the "foamy™ reegimz, the
dependence an = 15 very Weal at welocities grsater than ©.02 mfs  amd
Eyration ;WI-17) van be used fo sredist Feld-ups ander fhese eopnditionz. Inm
the "slug flow"” regime, with the SMP dietributor, & limit=d amount of daza
were available and they could bhe correlated with Equation (VI-1&7.
G COERETATICON: FOE SPREZIFIC IWUERFACIAL ARES

The dynsmic gas disemgspemeant technlgus allowedl e zstimetZon of “he
Sgater mean dismezer at different zupsviicisl ess welocitics during & given
run.  The Sauters along with the correspeonding averspge ges holdeup values

wereg Chel used Lo estimate specific dnzerfacsial sres from

=g}
1k

(VI -84

Fa
1
"l
n

The specific inzerfacial s@es walues were divided Zote =he {ollowlng
six grouzs:

Gesuo 1 Deza Svom experirvents soncusied wick 3T-200 wax at 200°C,




Grodp 2: Data from experiments conducted with FT-300 wax at 265°C.
Group 3: Data from experiments conducted with Sasol'élArge wax at 200°C.
Group 4: Data from experiments conducted with Sasol’s Arge wax at 265°C.
Group 5: Data from experiments conducted with Mobil reactor wax at 200°C.
Group 6: Data from experiments conducted with Mobil reactor wax at 265°C.
Two emplrical correlations were tested with each of these groups and
the goodness of fit determined. In these correlations the superficial gas
velocity was used as the only independent variable and the units of area

are m

a = ku ’ : (VI-27)

a f-klug e _ o (VI-28)
The first of these correlations has the zame functional form as that
used by Deckwer et al. (1980) to obtain the specifie interfacial area. The
second correlation has the same functional form as the Gamma function (a
skewed Gaussian distribution). FT-300 wax has a tendency to foam at lower
gas velocities (ug < 0.06 m/s), therefore, it is expected that the specific
interfacial area would go through a maximum in the "foamy" regime and then
decrease as the foam bresks. Equatien (VI-28) can therefore be used to
correlate this type of behavior.
The major highlights of these studies are:
. The specific interfacial area (m-l) for FT-300 wax at 265°C can be
predictéd using two separate correlations’ depending on the superficial
gas velocity emploved:

325108 272077,

a

u < 0.08 m/s (VI-29)

9?1ug'0"1° 0.08 = u_ = 0.15 /s (VI-30)

M
I
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s s -1
© The specific interfaclal area (& 7)) for Zarel's Args reactor  wax -at

£65°0 rcan be mredicted usicg

Q.23

a = lﬂﬁﬁug 0.0z = uE = 0,1 msx . (V2231

. The snecifie Inrerfzecial avrea (m"1} for Mobil's reastor wax at EES‘;
can be predicted using

a = ECUuEU'Dl 0.0l = UE = .12 nfs (VI-33)

. The gcoﬂneés of 21z for rthe ecorrslaticons was tested using cfitsria
similar to thoss used Zor the avsTage gas aold-up corrzlations. The xear
gquare =rrors  (MEZ) wers sstimated Zer sach ezpe, snd the percentapge of
points within & *30% band determired. Tables ¥I-6 and VI-7 summa~ize
rssuitﬁ from the goeodaecsz ol [iL vests and the parameters (constante)] for
the different correlations,

Eesults for PT-3020 war at 200 and 26%°2 are showt It Table WT-6. A
limited amouat of data waz svailsble a¢ 20070 {data from cnly L zun)  and
the correlations appear to fit the deca faivly well, with 75% af deta
wichin 2308 of the wslues predicted oy the secend corrsiaticn. ke fit fer
deta at Z62°0C Is relatively ooor and a2t bssn o’y 5%.7% of the catz  were
within a #30: arver beznd., Jhe primsey reasen for the poor fit iz the
relative_y bigh seatter in the oviginal data. ?eaélts presentad v Table
VI=0 mhow Lhap by us;ng & Games fanetion tyvpe of carrelation, the ESE walus
for FU-30T wax  at YEEYC wez  reducsd fiom f.,.ll}',l'ﬁl6 ffor the first
correidatiorn; ItD E.EJKEGE. Taerefnra,  daza Sor FT-300 wax at JEES  were
subdivided into -z groups, The first contaired dete for ug < 0.LE mfes =nao
the ¢ther conzaines dz-a for uE LU mAfs. The break woliol wis dets-niped

AT 0.8 mfs sitee speqific interfacial srzas or E&s voloci<ties Ttelew O.0F

P

i




Table VI-6 Goodness of fit and parameters for area correlations - FT-300 wax.

Correlation }:
a= klugii

Correlation 2:

a = kqugkee*at%

Temperature {*C) 200 265
Mo. of paints B 64

MEAN SQUARE ERRCR:

Carrelution 1 2.01X105 1.11%106
Correlation ? _ 7.50X10% 6.85X10%

PERCENTAGE OF POINTS WITHIN +30%.

Cotrelation 1 625 43k
Carrelation 2 . 78,0 531

PARAMETERS FOR CORRELATION 1:

ky 997 2411
ky 0.021 0.071

PARAMETERS FOR CORRELATION 2.

ky 1.31x10% 9.51X10%
ko | 1.61 1.43
kx 42 31




mfs showed o Goussiay behewvicr arnd could be fitvted using Equation (¥I-28),
while velues for rpas velaocities above 0.0B mfs showsd a behavicr tha%t csulid
be fittsd viing Bouation [VI-273. This preoecedurs reduced thne mesn squabe
£

error o 5.Z21HLGT for the ertire data set with &1.0 peresnt of data within
the +39% error bans. Fipure Vl-4 compsres the predlered walues wlith Jhs
experimental agpecitic intevisrcial area va.ves for FT-A00 wax at fEJ°G. Thx
specific ges-liguld interfacial ares norcelatlons Zor FO-300 wax sl 265°0
are

no= LT
5 = 3_32103u _'ﬂga Fle

E o= 0,08 nfy {UT-79%
&

a - g?Lug“' ' 0.08 = u_ = 0.13 m/s (VI-320)

Besarts for Sasol’s Arpe reactor wax a&re sumwarized ic Table VI-7 . The
correlations fit che defa féirly well for this case, witﬁ BL =& 3% of =he
d%ta within the #39% bend. The matxinally betoer £it ?ith the Lecor:d
corralaitien ceild be as 2 resvlt of the excta ﬁaramgter involwved in  thas
eqration. Since there was no fcam present for this wax, the Camma fusnctien
type nf correlation does not Lead o a signifiecanc iIoprovement 1o the
gocdnoos of 1t The coxrelacions et specifie gas-liguid irterfeclal eres

at the two t&mperalu:es ATE:

o = IUUGHRD'ES UGl = v = .17 m/s (Vo213
at 263*C and
a - ﬁ?Zugﬁ';Eﬁ 0.61 = u, = 512 e (VI-37)

n

at 20070, The differant temperatures <o rot appeat ta have a  significanc
affec. eom the expensnt, orly the cosfficisnt appears o shanpe.  As
expes=ed, lower tenperaturas  pive smoller emesific intertacial sres, =
direzt censecusnce cf larger babhles piresent at Z00°0 comparel to PRSESC.

The experimercal wvalu=s of the specifiz irterfacial area are compared with

Pl
1
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Table VI-7. Goodness of fit and parameters for area correlations - Sasol’s Arge wax and
Mobil reactor wax.

Correlation 1:

a = kIng2

Correlation 2:

a = kjugkee-kate

SASOL WAX MOBIL WAX
Temperature (°C) 200 265 200 ' 265
No. of points 8 20 8 13

MEAN SQUARE ERROR:

Correlation 1 1940 11610 240 - 1240
Correlation 2 1700 9090 170 740

PERCENTAGE OF POINTS WITHIN +£30%:

Correlation 1 87.5 80.0 100.0 100.0
Correlation 2 87.5. 85.0 100.0 100.0

PARAMETERS FOR CORRELATION 1.

Ky 492 1000 165 300
k 0.26 0.25 0.01 0.01

PARAMETERS FOR CORRELATION 2:

Ky 1569 8368 378 1110
ks 0.53 0.75 0.20 0.31
ky 5.7 10.2 4.4 6.6
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thg predicted values in Figure VI-7. Despite some scatter, the correlation
appearé to fit the daﬁa fairly well.

Table VI-7 also summarizes results for Mobil reactor wax. Both
correlations provide an excellent fit for the data. All‘data are within
£20% of the predicted wvalues. The correlations for specific gas-liquid

interfacial area at the two different temperatures are:

0.01

a = 300ug 0.01 < u, 0.12 m/s (VI-33)
at 265°C and
a = 165ug0'01 0.01 = uy = 0.12 m/s (VI-34)

at 200°C. Once ggain the different temperétures only affect the coefficient
for reasons similar to those mentioned above. These correlations also show
that for Mobil wax, specific interfacial area has a weak dependencé on the
superficial gas velociﬁy. This is further illustrated in Figure VI-8 where
the experimental wvalues are compared with the values predicted‘ by the
correlation. The specific interfacial area remains fairly constant over the
range of gas velocities employed.

The results presented above show that wax type has a significant
effect §n the specific interfacial area. FT-300 wax produces the greatest
interfacial area due to the large number of tiny bubbles, whereas, Mobil
reactor wax gives the smallest specific interfacial area. The specific
interfacial ares for FT-300 wax is an order of magnitude larger than that
faor Mobil reactor wax. Sasol’'s Arge reactor wax produces interfacial areas
that are approximately twice as large as these for Mobil reactor wax.
Results from DGD studies showed that, £for superficial gas velocities
greater than 0.05 m/s, the typical value of the Sauter.mean diameter for

' FT-300 wax at 265°C is avound 0.8 mm with orifice and perforated plate
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diptributors and zround C.& nm wizth the 40 o EMP  di=zcribusor (from

Theze valuss can be used +together with the hold-up

pootographyy .
correlsacioens [Equatiors {¥I-Z22) &nd (VI-24}) to o9tain the Zollowing

corselations fLor the specific interfacia. area (according to Zquarien (VI-

2637 :
_ g.59 - =
a - nJZEuE 0.95 = u, = 0.23 mds {VI-357
Zor aorifice type distributors and
. g.el . . .
8= QEEDuE LN + uE = 0.1: m's {VI-367

=

Zor the &40om SHMP cissribuster. Similariy fov Sascl wax d5 ig around 2 wa at

fe

E3°C and the reszulting covralatien for the specilis pgas-1liguid interfacial

area (using Equation (VI-23) for ¢ ) is

b=

=}
a = 252gy Y30 6.07 £ u £ 0.12 mis (VI-37)
E &
For Mobil wax ds 1s around 4 ma, giving the follcowing correlation for area
L. oy - - -
E = lzﬁSug Q.07 = UE = 0.1 m/e (VI-3E3

Deekwer er al. (12807 obtained s eorralation far the specifiec intex-
facisl ars=a (Equatien [WI-3%)) by using their ccrrelatien for average gas
hskd-up  azd  a Jauter mean bukbls dismscer of 0.7 mm, The corvelatlem iz
based on axporimewts corductec with the SMP cistributor faor ug < 004 w/s

(the "foamy" reypline).

a= ?lgzﬂugL'l (4T .36

The corralstion fnr'eﬁa bassd cn cata obtzined fror the present study
with the S¥P distributer in the "foanv” ropime, can be uwsed wilth s ds valiue

af 9.6 mm ta ohta’n

. 0.tk
a= lﬂnﬂﬁug (¥T.40)

At 004G mfs this corvelasion gives a welce of 8541l m 7 whnile Deckwer's

1

carre_ation {Zquatien (¥T1-30%) mives T00E T The corvrelsticn wisrlh the SMEP

[
Ln
[




M ecrdbutar, based om dacz obtainsd in Lhe "slug flaw"  raepime {(Squation
{VI-36¥), gives a3 specifis inmterfaecis]l srea ol 1278 m_l. ke diflerence
Lerween specific intsrfacial area Trom Deckwer’s sorrelation and that from
Equazisn (WI-43) ecould bo duc +o the differences L the amcunt of Ioam
Flesenc i tis two studies,

Tne weorrslations oresented abeowe zhow that for FT-330 waxes, fth=
specific  interfacial ares can be predieted using twe different eguetioms,

depending en rhe superficial gag weloelty empleyed. For =< [.0F m's,

L=}
Fquation (¥I-Z5} T&y be used, while for ug.P J.08 m¢s Eguation (VI-3J} 1is
recommendad.  Specific gas-liguid inverfazlial area Zor Sepeol's Arge reacter

wax ca7 b= predicied using Lquatian (¥1-31) at 265 °C and for MHobil's

reacrtor wax using Zguasizm (WI-33).
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