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General Evaluations

The type of operation and the catalysts referred to in this article are those frequently
employed in the refining indusiry, thus meking the discussion pertinent. This is a
mathematical discussion and only after a thorough study of the mathematics involved

and perhaps also after verification of the experimental data given could an evaluation
of the importance of this contribution be made.
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Other Commentas

AV Frost, the second of these authors _ He has previously

published & considerable amount of good research on thermodynamics end related subjectsan\
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This is_a _complete trenglotion of the eriginal axticle,

1, The formils of Chilion andé Colburn gives oo low values for the dependence
of the hydraulic resistance upon the average graln slze and the linear rate
of flov of the gog, and glves incorract values for the deperdence of the
hyidraulie vesilstence upen the dismeter of the coluung this formule is unsult-
able fer celeouvletion of the hydraulic resistavce of a column packed with a
gramilated eatalyst, ' ‘

2. The Pormala of Zhavcronkov, based on an aralysis of extensive expsrimentel
materisl is suliteble for calculations, wat dozs not directly indlcate the
affoct vpon the hydraulle resistance of “he grain size of the catalyst amd

the disnetor of the column.

3., An oquabtion 18 suggested vhich 48 based on the formula of Zhavoronkov and
ig suliobls for the calculation of the psrformance of a catalyiic colummg it
characterizes the hydravlic vesistance of the column with respsct to thres
cloments, L.0., gas £low (lincar veloeity, density, kinematic viscosity of
the ges); geamulated cotelyst (average grain diameter); dimensions of the
columm (altituvde, dismeter),

In many bronches of the chemical industry, especially those in which heterw

ogeneous catalybic and adsorpiion phenomoma ave made use of, as well as in

the fuel end petrolewn tschnology, the valus of ths hydranlic vesistance

exorted by o layer or cenbunet column pecked with gramulated material is

importent, Tt is possitle %o esilmate and to compore the hydraulic resist-

ance exerted by the walls of o catalytic towewr, ths suwrface of the gramdas

of the packing ond the entire column; &3 well as o deternive the oxtent of

tho effeet upen the hydvaulic resistance of tho average dlamster of the

prains of tho catelyst, the disreter of the column and the llunear welocity \N
of the gas.

Approved For Release 2002/01/11 : CIA-RDP80-00926A001400040002-2



Approved For Release 2002/01/11 : CIA-RDP80-00926A001400040002-2

25X1A

L T

Hydraulle Rosistance of Empty Towers

The hydraulic resistance of catalytic colums without the packlng can be
calenlnted by the formula of d'Arcy

Zklfxsz
Ap T - 59 # . 1/

vhers Ap i3 the lgss,of pressure in kg./sq.m,, 4 1is the density of ths
gas in kp. -~ sec, 4w&, W is the averapge linear veloeity of the gas in
m./80c, £ 1 is the length and d the diameter of the column in meters,
G the cosfficient of resistance, depoending upon the Reynolds mumber

Roq = Wd/y , in which ¥ is the coefficlent of the kinematic viscosity
in" sq. m./sec,

For a streanline flow (Rey less than 2,320)

G:::g!’— /1a/

Reg ’

while for a turtulent flow (Re; more than 2,320) the coefficient of resist-
ance con be oxpressed, depending upon the Reynolds mumber, as follows:
At Reg from 3,000 to 100,000, according to the law of Blasius

6 — 0.316/4 /2/
Rﬂdo“25

A Rey from 10° to 3 x 10°, the formula siven by Mikuradze can be made
vge 012

0.221
G = 0,0032 3
032+ Ropeen /3

To detormine the order of mepnitude of the hydraulic resiastance of a con-
tact column without a catalyst, comparative calculations were carried out

by tha authors. Alr served ags the viscous medium and its temperature was

15 and 500°, The column consisted of o single tubs or identical tubss

(for instance, 180 tubes por column). In one case the altitude of the colum
was 1 m., diameter 0.1 m. In the second case the altitude wags 2.544 m., the
diameter 0.2 m. The rate of flow of air by w@ighz ia connected with the
linear velocity by the relationship ' == 3600 vosmYy , where CP is the rate

Approved For Release 2002/01/11 : CIA-RDP80-00926A001400040002-2



Approved For Release 2002/01/11 : CIA-RDP80-00926A001400040002-2

25X1A

of flow in kg./hr,, v, linear velocity in m./sec., 8° cross sectional
area of the tube in aq, m.,, n pumber of tubss in the colwmn, and Y
specific gravity of the air for the given temperature, The rate of flow
so determined changed within 2,28 and 18,304 Xg./hr. The physical para=-
metera for eir given by Kirpichev ot al (1) were used, The results of the
calculations for an enmpty column ave shown in Table 1 for given cornditions
of performence of this column. This table shows that the resistance of
¢he column walls to the gas flow 19 quite small as compared to that exertsd
by the surface of the ecatalyst grains.

Hydraulic Resistance of Packed Columng

On the basiz of anmalysis of experimental date, Chilton and Colburn suggeated
(2) a formula for the calculation of the hydraulic resistance of columns
packed with gramilated moterisl. Perry gives (3) this formula in the
mabric systom aa follows:

202£%v4°L

5 /4

OHP =
g

In thls formula Ap 1s the pressure drop in kg./sg, m. due to the
hydraulic resistance, v, tho linear velocity in m./sec., through
the tube, L the thickness of the layer of wnacking in meters, D, average
diametor of a grain of the packing in mm., £° the resistance cogfficient
depending upon the modifisd Reynolds mmber Re! = Dyvo,v/# , in which
is the specific gravity of the gas In kg./cu. m., ang % is the coefficient
of viscoaity in centipolses: 2 = w.g. Hors s is the coefficient of
viscosity in kg, see./sq. m., g acceleration due to gravity in m./sec.? ,
¢ a factor vhich is a function of the ratlo D /Dy, i Dp is the
average diameter of the particle in meters, defired as a mean arithmetical
valus of three sizes, vhile Dy, is the diameter of the tubs in meters.

A caleulation of ¢ and £° is quite difficult and inexact Af attempted
graphically, TFor this reason mathematical exprossions were derived by the
auathors for the depondencies £° = f£(Re') and o — g x_’g_ ) » besed

on the graphs given by Perry. Dgube

Fiz. 1 shows two curves characterizing the flrst of these dependencles.
Curve 1 rofere to streamline conditions, while curvo 2 refers to turbulent
conditions. The eritical velue of the Re' number is 44.1 The points on
the curves give values found from this graph, and the curves correspond to
the obtained equations. For the atresmline flow (Re! less than 44.1)

o
fatr ;-__-.9.;1.‘?". $ /5/
Re!
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for turbulent £low (Re’ more than A4.1)

30.2
? = /6/
R9'0°1

Fig, 2 shows two curves for the dopendence c=f (Dp/ q,ubo)" The points

on the curve also indicete valugs graphically found and the curvaa
correapond to equations obtained. The curves for both conditions consist
of two parts described by different equations, The critical value, again

D, /D , 18 0,037, For atreamline flow (curve 1) the following are
p.’ “tube 7

valids For Dp/_”»mbe less than 0,037
0.838
Cgtrp = /4
p. 0.03384
( P
;D_t.uba /

and when this ratio 1s more than 0,037

0,604
Cotr = /8/

(,,..L
Ptubo

For the turbulent flow (curve 2) the case of Dp/ Diube 1089 then 0,037 is
reprogented by equation

0.732

c, = /9/
D 0,0578
(=2
Dizibo
while, when the value of D / Diybe 1S MoTe than 0,037
0.424
D On?na

Crway
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In 1944 Zhavoronkov published (4) 2 study of the hydraulic resistance of scrubbers
racked with solid gramulated material, which constituies a part of his doctoral
dissertation (5). The experimental Qats are generalized as follows:

P = g
Dévgrag /13/

vhere Z\P is the hydraulic resistance in kg./sq. m.s v, 13 lincar velocity
in m,/sec., calculated for the complete crogs soction of the empty tubs;
0, altitude of the packed tubs in meters; /- density of the air in kg, sacz/h,4;

£, coafficient of resistance which depends upon the Reynolda number

deVo

- Y Vfree

y being the cosfficient of kinemntic viscoeity in sg. m./sec., ds the equi-
valent dlameter of the tube in meters, Ve.., Uho fxee volume of the packing,
For streamline flow at values of the Rmynoigs aunber less than 40 to 50,
£' = 100/Re., For an unstable Qﬁ{bulent flow within the Reynolds mumbers
from 50 - 5,000, £'= 3,8 Re~U«Cand, finally, for a stable turbulent flow
at Reynolds numbors above 5,000, £* will bs independent of Re and amount .

to 0.7 ,

= Ntubs"rroe

Bgube

dg

whora Veype i the volume of the packed tube in cublc meters, sy, the

total swrface which exerts the hydraulic resistanes, square meters, i.e.,
gt * g%, Here s' is the surface of the granules of the packing and
s" the surface of the wall of the tube,

For a cylindrical tube

= Prroe) Vippo

g% = TDg el 8' = 83n n ~
3

vhere n 18 the smumber of particles in the packing, 84 and v3 are the
average surface and the average volume of a gramale of %he packing, rospec-
tively, For calculation of the hydraulic resistance of the packed contacth
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column by the Zhavoronkov formula,; 1t is necessary to determine experimentally
the values of n, 83, YVpa0 in additicn o knouing the valuss of the
basic parameters of %he coltin and of the gaa stream,

By correlation of the valuss of the free volume,expsrimentally determined by
Zhavoronkov and by the present authors for different granulated packings .
(Table 2),with the value of the average graln size, the dependence shown in
Fig, 3 was established,

In Fig., 3 points on the curve correspond to experimentally determinsd values
of the free spacs of the catalyst bed and the average particle diemeter, and
" the cuvyve is represented by

Vorp = 0.222D 2% - S tY

Dependence of the Iydraulic Resistance
of a Columm Upon the Average Diameter
of the Catalyst Grain

It 19 quite importent to find vhether there lg any interdependence between
the hydraulic resistance of the contact column and the average diameter of
the grain size. For this purpose calculations were earrisd out by <he
authora, using the formulas of Chilton and Colburn and of Zhavoronkov,
regpectively, A particular case was considered under the following con=-
ditions: Diamster of the colwmn, 0.2 m; altitude, 2.544 m.; air tempera-
ture, 500°; linear velocity of the air in the streamline flow region,
0.063; %that wder turbulent conditions, 1 m./sec,; == 0,0459 kg. sac.zlm.l"i
¥ = B.040" sq, m.fs0c.; V = 0.5 kg./eu, m,3 z = 0,03617 centi~-
polaess average grain dismeter within 0,004 end 0.0127m. "e catalyst was
shaped into cylindera,

The results are shown in Fig. 4, where the dots represent calculated values
and the curves mathematical expressions derived. Figs, 4 and 3 characterize
streamlive flow corresponding to the formules of Chilton and Colburn and of
Zhavoronkov, Curves 1 and 2 refer to turbulent flow and the first of these
is bssed on the Chilton and Colburn formmla, the second on the Zhavoronkov
formule, For astreamline flow the followlng expression corresponds to the
Chilton and Colburn formula:

Dtoo, = 0000667
SPeo. = 2076 el
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ABLE 1, HYDRAULT
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1 « for streamline flow; 2 = for turbulent flow ‘g
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g W ) ‘av, atameter of the particle
N é z .é.p & \ FIG, 3, DEPENDENCE OF THE FREE VOLUIMC OF THE
4 5.': ‘§§ a CATALYST BED UPCH THE AVERAGE DIAMETER OF
g A : \ N THE PARTICLES,
-4 250+1900 - .
- \ TABLE 2, INTERDEPENDENCE BETWEEN THi FREE SPACE OF THE PACKING AND TWE AVERAGE
g b et DIAMETER OF THE GRATN .
.g - z e ' o~ , v, diane
1) N eter of
& gtreamliné|” 21 Dimensions of the the grain, Free
é £low a2 No. Type of packing Shape grains, mm, o, space
. H : .
i —
& o 20925 40050 a0 2000 m :
5 av, diameter of the particles, m, 1*| class rods Cylinders 5
FIG, 4, DEPENDENCE OF THE HYDRAULIC RESISTANCE IN THE 2% -Aluminosilicate Cylindrical X5x8 0.35
i 0 T, sians, 0 sxea |13 0w
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P treamline flow: - rding to Zha nicovs - verslon o .
aZZoidgg tonghilzzn egd Ci;;?.rm.ng 0 ahavororkovs & 4 | Vapadium catalyst " 11X _U X 6.5 ’ 0,43
5 [ Coke Irreguler 29,6 25,8% 18 24,5 0,532
6*| Glass granules Pear-shaped 2020X37,5 | 25,8 0,500
7 | Goke 11‘1‘38“1&1' 35,6 28,8 18 27,6 0,535
gl 47,6 (41,5 33,4 40,8 0,345
9 | Gravel Spherical 56,8 X 40,8 X 2 42,2 0,570
o ( ) go Coke Iltr:gvlar g%xatg.sxgs,s 42,6 0,860
av, {tekh, 1 | Andesite 43,7 2,6 1 .
Tord, aoned ! X 48,7X 32, 4, 0,565
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The expression corresponding to the Zhavoronkov formule /11/ is given by:

BTG GrSRND

FAN By = Dn3 o 24/

-

“he interrelationship of these expressions foxr small valuss of the average
particle diamster, below 0.0065, is

APy = 30, = 100 - 115/
whlle for valuss ebove 0,0065 it is:
Dpyy = LAINP, o =9 /16/

For turbulent flow the following obbtain:

b o - 246
DVse, = %5 /21/
P
o 0,016
Apgh o= -g?i;m /18

Thoe equatlonz 17 and 18 can bs combined as follows:

gy = 0,0038 A 18 f19/

Dependence of the lydraulle Resistance
of a Colamn Packed with Granulated
Catalvsts Upon ite Diemster

Vo oot R L 0 AL 2 T AT

Tnasrmuch as the basic equations under discussion show no clear connection
between the hydraulic resistance of the contact column and its diameter,
this problem was also considered in the study under report. The conditions
end paremeters of the principal hydrodynamic valuss wore in the main the
same ay for the exprassion A\ P = £(D_) discussed before, The difference
coneists in the values of Dp and Dy, . The average grain dlemeter was
congtant, 0.0073 meters. Vp.., Wes 0.359, Silica~alumina catalyst was
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used; shapsd a3 cylindrical tablets, 9 x 9 % 4 mm. The dlameter of the
catalyst column, conglisting of a single tubse, varied from 0.04 to 0.7
metars,

Flg. 5 shous the resulis of the caleulation for particular cases, based on
the formulas of Chilton and Colburn /4/ and of Zhavoronkov /11/., The four
curves shown sach conslst of two branches corresponding to the mathematioal
expressions for the dependesncy /\ p~= £(D ) for tubes with small oyp

large dismeters. The points represent values calculated by the formulas
/L) and 11/,

The formula of Chllton and Colburn for streamline conditions is represented
by the curve 4. The critical value of the tube diemeter is 0,162, At smaller
velues :

Livg,0, = 2.36300:1343 /20/
For cases whove the diamster exceeda 0,162
&pc,ca == lewzngﬁggs /21/

The curve 2 is valid for the regions of turbulent flow. At values of the
tubs dismeter below 0,2042 :

DPo,e. = 1663000221 /22/
and for diameters exceeding 0,2042, the relationship
A Pe.g., = 3.2871)%&%568 /23/

Data pertaining to the hydraulic resistance of columns with granulated packing
os a function of the column dismeter obtained with the aid of the Zhavoronkov
formule, are represented by the curves 3 and 1, The first of these refors to
streamline condltions, the second ta turbulent conditions, For tubes with a
small dlameter, i,e., below 0,074

e 1
tubg
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FIG. 6. EXPERIMENTAL UNIT FOR THE STUDY OF THE
ETFECT OF THE LINEAR VELOCITY OF A STREAM OF GAS
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while those with a larger diameter _
62,7 '
v i mm e 2
- zh p0.056 /25/
tubs

in the case of ths turbulent flow (curve 1) the ceritical value of the diemeter
of the column for the conditions end parameters discussed is 0,138, For
snaller dismeters of the colunm the equation

AN FA— D%%ﬁ /26/

tu
wag derived, while for diameters exceeding 0,138, the equaticn

L Peh = / 27/

223
a4 -
e wvalid,

The mathenatical expressions 20 = 27 for the determination of the effect of
the dlsmoter of the column on the hydraulic resistance, which wers obtained
by uaing the formulas of Chilton and Colburn and of Zhavoronkov are rmutually
rolated as follows (Fig. 5). For streamline flow al diemoters of the tube
smaller than 0,065

L3P = =M0.7LNPy o+ 2565 /28/
and diasmeters larger than 0,065 |

Dogn = =323\ 0, + 1284 /29/
For turbulent flow at dismeters of the tube below 0,117

L2 = ~0.7164 I\ 7y ., *+ 1324 /30/

and at diameters larger than this value, the relationship
Diggy = 0,222\ B, , + 817 /31/

obtainsg.
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affect of Bate of Gas Flow Upon
the Hydraulic Resistance of
folume Packed with Granuisted
Catalygts

Ty this work most attention was concentrated on the effect of the rate of
the gas flow on the hydraulic resistance of contact columns, inasmuch as
sho bosic {ormuiss wndew dlscussion here contain a value vepresenting the
rate of flow and taken to the degree of 1.8 for the region of turbulent
flow. This problem was subjected to additional experimental study. ®

The linear veleccity of the air varied in these experiments within 0,06/ and
1 m./sec, ‘Thus, the reglons of streamline and turbulent flows were covered,
The general apnearance of the oxporimental wnit is shown in Fig. 6. The
metallic catalytic tower of 0,1 m. diameter and 1 m, height had two branchos
and was closed on both sides with 1ids with welded-on pipes. The catalyst

shapad into cylinders 9 x 9 x 4 mm, and Dy == 0.0073 Me3 Vopae =
0.359,was charged into the tubs to form a layer 1 m. thick. The vertical
layer of the catalyst was supported by a thin wire netallic grating with
mesh 3 x 3 mm., Pour glass U-tubes served as mancometers indiceting the
pregsure at the inlet at 0,25 and 0,5 n. from the inlet and at the sxit. Air
was charped at 15° with the aid of a powerful blover, and in order to creais
a gtable flow it was £irst pessed throvgh a large tonk, then through a glasa
rerosene flow meter with a set of diaphragms and into the bottom of the ver~
tical catalyst tower, A1l communication Jines wers no smaller then 20 mm.
in dlemeter. The pressure indicated by all the menameters was reglstered
after the air fiow roached stability al a given veloeity, A1l parts of the
unit were airtight.

A set of seven curves is shown in Flg, 7, which describes the experimental
deta pertaining to the dependencs of the hydraulic resistance of the catalyst
layer 1 m. high upon the rate of flow of air and the resulte of calculations
with the aid of the formulas /4/ and /11/ used bofore. **

Ae befare, the points correspond to determined or calculeted values, while
the curves were drewn in accordance with the mathemotical expressions derived.

Curve 1 veflects ths prossure drop ot the inlet to the catalyst coluﬁgin
(pressure drop of the air stroam botween the inlet and 0.25 m,/f¥om %ha

inlet). The sguation for this case is:

A vper = 1288w 32/

% This work was carried cut in 1942 in the Leboratory of Motor Fuels of the
Ipstitute of dneral Fuels, hcademy of Sclences, USSR,

#% Ade ot 15° was considered to have v == 1L,185; 3 = 0,018 fD == 0,125
¥ = l,&@g 3 Ay - *
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For the middle of the column (at the height of 0.5 m,)

AN Pprddle = 10121%"9 o1 /33/

which 1s represented by curve 2, The pregsurs drop at the exit from the
cetolyst coluwnn (hydraulic resistance of the laysr 1 m. thick) ls repre-
gented by the cuve 4 based on the equation

D Poysy, = 935.4vg-0% 34/
Curve 3 gives the averaps value of the hydraulic resistance

.8
£ Paverage = 981”% ? ' /35/

which 48 an average of the valuss shown by the curves 1, 2 and 4, It should
bo noted that the scattering of the points observed for high aiv velocity

18 connected with a ceriain degrae of inexactneas in the flow meter scale,
which 18 built on extrapolated values. The curve 5 jolns points calculated
by the formula /11/ of Zhavoronkov for the experimental conditions and pare-
meters uged in this study and is described by two equations, The critical
value of the rate of flow is 0,1122. Tor gtreamline conditions where v,
is loas than 0,1122

C\'pﬂh == 158‘5‘?0 /36/

The region of turbulent flow with v, exceading 0,1122 is characterized by
the equation 37, Fommila /4/ of Chilton and Colburn is represented by the
pointa of the curve & for the conditions used here. The critical value is
0,089 m,/asc, The streamline section of the eurve can be. expresgsd by the
aquation 38, ? : .

Opn = 9312vgE /3

L\.pc.c, = 52,5V, ‘ /3s/

The section of the curve deseribing the turbulent conditions, that ia, where
vy ©xcoeds 0,089, is described by tha oequation

Oope.o, == 359,78 /39/
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For the sake of ccmparison, the curve 7 was drawn fron date obtained by the
Chilton and Colburn formula for the case where the average grain diameter
is a cubie root of three dinsnsicns.

The values of the pressure drop in the air flow passing through the catalytic
colum according to Zhavoronkov /36/ and /37/, and according to Chilton and
Colburn /38/ and /39/, avoe connected botween themselves and with the average
values of the prossure drop established by the present euthors /35/ as follows:

INpgy = 26 APy o, /40/
NPy = 0.9352 NP, * 21,6 /6y
IS Po e, = 0.3697 L\ Pagpn, /k2/

The pressure drop at the inlet /32/ and at the exit /3./ from the contact
colwm is connected with the avervage value /35/ as follows:

’_{S pinlet' = 103 AA pavero /1"3/
Z-\é,?exit - 0.,91‘.4 AP&V@I’. /M/

The pressurs drop of the alr at the inlet /32/ into the column is expressed
according to Zhavoronkov /36/ and /37/ as follows:

DS Prplet = LA3TLP,, - 6 /45/

Geperal Discussion

It is of interest to compare the values of hydraulic resistance of catalytie
columng, enpty as well as packed, and to appraise the effect of the nmumber

of tubes in a collector contact column upon the hydraulic rssistance. The
numerical values are given in Table 1, The hydraulic resistance of the empty
catalytic colimn, as dependent upon the Reynolds number, was calculated by

the formula of d'Avey /1/ end /la/ for streamline condltions (cases 1, 4 and 6).
For turbulent conditions the law of Blasius /2/,(casss 2, 5 and 8) and the
formila of ikuradze /3/ (ease 7) wore mede wse of. Considering that the
Zhavoronltrov formula has two members which .. - deseribs,; regpectively, the
hydraulic regsistance caused by the surface of the walls of the column and

ths surface of the graina of the catelyst, the questlon can bs snswvered whether
this fommula permita a correct evaluation of the hydraulic resistance of the
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empty column., For this column the following ie velid for streamlive conditicas:

T A D D

2000V v
Apstr. = ’ i -

2 3
Dyube Yereo
For the turbulent region the following obtains:

T6PY ‘J""'-vol'gn

3

FAN pt e
D-x;ubal'z"fme

As follows from Table 1, the hydrasulic resistance of the enply catalytie

tower calculated by the Zhavoronkov formule has a considerably higher value
for all cases under consideration here (100 - 1,000 times), as compared with
the valus obtained with the ald of hydrodynamic formulas widely employed inm
practice, It is possible, therefore, to conclude that the hydrauli~ rosistarce
of empby catalytic columns cannot be calculated from the Zhavoronkov formulas.
For packed catalytic colums the hydraulic resistencs, as calevlated from the
Zhavoronkov formula, is represented in the last column of Table 1, The cata~
lyst consisted of cylindrical tablets 9 x 9 x 4 mm., of average diameter
0,0073 m, and free volumo 0,359, By correleting the valuesof the hydraulie
rogistencs in the empty and catalyst-packed colums, one observes that the
hydraulie resistance of the colums with the catelyst exceeds the resistance
of empty colunms 100,000 times or more. Hence, the hydraulic resistance %o the
gas flow ewerted by the walls of the contact column is quite negligible.

Tn commercial practice catalytic columns are of a special valve, made up of

o bundle of tubes of the ssme dismeter. In streamline flow and at a constant
valus of the welght rate of gas flow, # changs in the munber of tubes In a
packed column of this type exerts no effect upon the resistance of the columr.
"he linear velocity is used in the equation for hydraulle resistance in ths
f4rst degree; consequently for the cases 3 and 4 in Table 1, the following will
be valid:

OF ™ ™4

VAN vy v,

]
-
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becamse v, = v, (m is the muber of tubes in the colum). A totally
differont ~situstfon obtains in the reglons of turbulent $low. Here the

Linear veloclity is used in the formula in ths degres of 1.8, Discussing

the cases numbers 8 and 7 of Table 1, it 128 seen that, inasmuch as the
woight rate is constant, vqp = mvg @

SO A RIS

1.8
APg mvg 1

. ——

B TRy e

JANY (m@)l.e - Tgp0-8

The hydraulic resistance of a catelytic collector colum decreazes in pro-
portion to the number of tubes talken to the degree of 0.8; consequently,
if the technology of the process 1s connected with high rates of flow by
wolght of the gas in the regilon of turbulent flow, and the valus of the
hydraulic resistance exerted by the catalyst or the dimensions of the
column do not permit to realize these velocities in the column, consisting
of a single tubs, then in order to rerove these hindrances a collector
catalytic column should be used with 2 number of tubes equal to the ratio
of the linear velocities for a simple and a collector tolmm, (Thus, for

“he cases 7 and 8 of Table 1,, V7 180)
vg ——— L]

The effect of the average grain diameter upon the hydraulic resistance is
described qualitatively by the Chilton and Colburn formula 4/ and that of
Zhavoronkov /11/ . The hydraulic resistance of the catalytic power drops
with increase of the grain size., The Chilton and Colburn forrmla gives for
both hydrodynamic conditions a lower drop of the hydraulie resistancs of

the eolumn with increase of the average grain size, as conpared to the
Zhavoronkov formula, An exceptiorn is presented by soms cases in the stream~
{ine rogion, where Dtuba/ D, exceeds 30, Here a reverss situation obtains
and ths Chilton and Colburn formula shows a larger drop in the hydraulic
rasigtance, with increase of the grain size as compared to the data given by
the Zhavoronkov formula. The connection between the two formulas with
respect to the dependence Ap = £(D_) is a straipht line for streamlins
conditions (/15/ and /16/) and an exponential for turbulent conditions (/1977

4 very interesting result was obtulned by the anthors in the study of the
offect of the dismster of the contact column upon the hydraulic resistance,
According to equations /20/ through /27/ and Fig. 5, the two formulas show
sontrasting effects of the diameter of the catalytic colum uvpon the
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hydraulic resistance, With increase of the diamecter of the catalytic column
the hydraulic resistance for both hydrodynamic conditions increasss, accord-
ing to Chilton and Colburn, but drops according to Zhavoronkov. The connece
tlon bstween the twe formulas is straightline in character (squations /28/
through /31/).

Ly correlating the quantitative interpretation of the depsnderce of the
hydraulic resistance of the cetelytic columns with the granuleted packing
unon the linear velecity of the gus stream, average grain size and diameter
of the column, ay oxpressed by the Chilton and Colburn and Zhavoronikov
formulas, the following characteristic of the Chilton and Colburn formule is
obtained: In O p = f£(v,) considerable lowering of the values of /\p is
noted; for N\ p = f(Dp) o considersble decrease of ths valus of A\ p and,
finally, in Op = £F(Uipe) o totally atnormal churacter of the functional
dependence, as compared to conventionsl concepts is manifested,

Additional calculations of the dependence of the hydraulic resistavce of
columns packed with grannlated catalyst upon average grain size of the packing
and diameter of the column, which were besed on the Zhavorenkov formila, made
it possible to write a gemeral formula embracing all principal factors which
determine the performance of catalytic towers, These factors characterize
the contact column (altitude ¥, diemeter Dtube)? the granulated catelyst
(average groin diameter D,,) and the viascous modium N (where N 1s the product
obtained by multiplying tﬁa dengity (>, kinematic viecosity ~ and the linesr
velocity of the gas wv.) : /

Ap = W | fu5/
' P “tube
The hydraulic condition of the performance of the catalytic colum determines
the exponent of the components of N. For streamlgina conditions Vapp = pv Vo s
while for turbulent conditions Ne = pv 0.2 vo?"’ o To establish the

character of the hydraulic conditions ‘prevailing in the catalytic column with

granulated packing, and conaidering that the criticel value of the Reynolds

nmmber corresponding to the transition from the streamlins to turbulent state

is 40 = 50, the Reynolds mumber should be deternined from the expression

Re = Dpg¥o ., 1In this equation the equivalent dlemeter of the colwm with
Y Veree

the catalyst (de) vas substituted by the averﬁe grain diameter B_ , which

1s valid when Dy, considerably exceeds the value of Dy P

In order to conpare the value of K in equation /46/ and the extent of the

effect upon it of Dp and Dtuba’ edditional caleulations were poriormed,
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For this purpose into the Zhavoronkov formula /11/ int . modiate values were
inciuded, and it was connected with equation /46/. The values of m, and B,

were taken from the corresponding particular expressions with considsration
of the value of Diype . For tho streamline conditions m, for Dy was

P .
saken fron equation /14/, n, for D from equotions /24/ and /25/ ;5 gor
the }uv?ulent flow mg, Prom 8quation tmm/3.8/ and n, from equations /526/
and 2? .

Catalyst grains had vniformly the shaps of a cylinder, with a ratio of ths

dismeter to the altitude D3 = 2hy, unlike the varying ratios o{
D3/i13‘ when particular expréssions ° for the depsndencies &Ap= ¢ Dp) and

AP = £(Dgy1e) wore to be found, In the determination of the effect upon

the coefficient K in the equation /46/ of the average grain_diameter D_ s
the latter was changed within 00,0005 to 0,05 m, at Diy vaiues of F

0,7 and 0,04 m. In the determination of the offect be on ik of the diametor
. of the cylindrical catalyat tower conzisting of a single tube, the value of
Diybe was changed within 7 and 0,008 m,, while the value of Dp was kept
constant at 0.0073 m, The free volune of the catalyat bed for warious values
of Dy was deternined from equation /12/,

The results of the calculations are given in Table 3, The values obtained
for K =£(D,)) amd K = £(Dye) should be introduced into equation /46/.
The equ&tiog

_ KW
Dgngube

will finally be obtained. The numerical values of K, and those of the
exponents of Dp and Dtub@ are shown in Table 4, ~ These values differ
and refor to a dofinlte region of values of Diype/ Dy ond to the prevailing
hydraulic conditions.

AP /41

The value of K; in equation f41/ is é physical factor of the order of
magnitude m , which has so far not yet been determined, For stressmline
conditions it 1s close to 1§ for turbulent conditions,of the order of 0.8,

Concerning the effect upon hydraulic resistonce of the geometrical form of

the granulated catalyst, which will affect the coefficient XK. in the
equation /47/, two groups of necmetrical forms can be considered s Within

Approved For Release 2002/01/11 : CIA-RDP80-00926A001400040002-2



Approved For Release 2002/01/11 : CIA-RDP80-00926A001400040002-2

25X1A

TABLE 4, NOMERICAL VALDE OF K, AVD @ m AND n IV SQUATION /47/ POR DEFFARENT
THTERVALS OF THE RATIC OF THE BIAEKETI%?L OF THY TUBE TO THR AVERAGE DYIAMTITER OF THE

D 2 20w . e s

PARTICLE
Yo Flow Interval of Iunerical Values of
) D D lue of |- v

trba va (v} .

v / P Ko m for Dp n for Dtﬂhﬂ
1 turbulent . .. .. ... =470 3.00 2.030 0.040
2 " e+ 6 & ¢ e @ ¢ &7“0 haad 77 2.11 2@086 00040
3 " *« * & 4 & 9 4 @ 77 - 25 1@38 20176 0‘040
4 i e » o & & 3 & 9 25 - 12 1316 2,225 09040
5 f * o o 6 2 8 e e 12 - 2-:3 3@08 199]4 0,.211
6 w » 2 % @ 8 & 8 8 < 203 8050 101&87 09480
1 streemline . ., . . . ., o =100 51.33 2,924 0.056
2 " * e e e e s oa < 100 17,60 3.142 0,056
3 " t e e s 4 e we 8~ 3 85,60 2,670 0.316
4 ® £ 8§ & &« 9 ¢ o @& 3 - 102 165e20 2w205 097&'&2

which the ratio of the surface of the grain to 1ts volum g. /v3 a:d consew
quently K, will be constant: I, eylinders of h3 = Oasng end a longer
cylindor of hy == 2D, ; and further, II, a regular cylinder
(hy = D3), a cube and ~ a ephere. Hewe h, ang Dy are, respectively, the
aititude and the diameter of the grain in meters,

For an aporalsal of the effect of the dimensions of the grain Dp upon the
connedtion of K. with the geometrical form, the value of D, “was varied in
gize 100 time8 in the calculations performed » keeping the * diameter of the
catalytic column constant at 0,7 m. The results are shown in Toble 5. The
dimension of the grain II)p doas not markedly affect the relationship between
Ko and the geometrical form of the grain, For the group II, lower values
of K, were obtained, and for streamline conditions a nore considerable drop
of = K, 1s observed, 203 as conpared to 107 for turbulent flow. Thus,
a nore conpact geometrical form of tho grain, i.e,, a regilar cylinder, a
cube or o sphere, exertsa smoller hydraulic resistance to a gas flow than a
longer form (group I).
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TABIE 5
| Conditions
Dps Mo Streamlins | Turbulent
0.0005 | 0.005 | o0.05 | 0.0005 l 0,005 l 0.05
Ky Tgrowp . . . ... 20,65 2647  23.60  1.57  1.80  1.60
Ky IT ™ . o v v w ., 16,18 20,98 B 140 L6l L
| Koy B . 0 0. . . 21,6 20,7 2004 1.1 10.7 10.6

The formulas of Chilton and Colburn /4/, of Zhavoromkov /11/ end of the present
author /47/ deseribe the interdependencies as applied to a uniformly granulated
catalyst, i.e., to a catalyst consisting of granules of wniforn dimensions,
forming a narrow fraction of material by sieve analysis,

Ilydraulic Reslatance of lNon-
wmiform Granulated laterial

For the sake of convletion, the hydraulic resistance of =« catalyst column
or layer consisting of non-uniform granulated materinal should be discussed,
For the case of the gas flow through a layer of sand, L. S, Leibenson modified
(6) the formula of Slichter (7) for flow of wnter, and obtained the following
expressions

2 o H
Pi-p 19N /18/

——

P acPd2,

flore p; and ,  8re rezpactively the pressure at the inlet to the layer and

oxit "= from it“ given in kg./sq. m.; = YRT in absolute atmospheres
(1 xg./sq. em.) Q = consumption of gas in cu.m,/sec, n = coefficient of
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viscosity in kg, sec,/sq. m,; ¢ and X, = coefficlents, the second of
which depends upon the relative porosity; H = thickness of the layer

in meters; ¢ = specific gravity of the gas with reapsct to air; F = cross~
-sectional area of the layer in aq. m,; aef = average effective diameter
of & sand particle in mn, :

2 =1 X

o =k 4
i

vhere d, 1s ths diamster of the sand particles and }'1 weight per cent
of individual fractions, : ,
Using the experimental data of the Institute of Mineral Fuels perteining to
the bydraulic resistance of a tubs packed with sand, as reported by
Lelbenson, end the equations of the prasent authors, the following results
were obtained: For the average effective diameter of particles of fine
sand, the LeYbenson formula gave 0,22 rm.; the Slichter curve, based on
wolght units, gave 0.223. A simjlar value of dop (0.225) can be directly
found if the average diometer of narticles of the predominating fraction of
the sand layer {over 50 per cent) 1s considered. The relative porosity of
the sand determined from specific gravity is 2.5 tires larger than the free
space in the layer calculated from equation /12/, considering that D, = dage
it should be noted espacially that the squation /46/ given by Leibensdn vas
verified only for streamline flow, inasmuch as the experiments of the State
Institute of I'ineral Fusls were performed at Reynolds mumber not exceeding
21 and the eritical value of the Reynolds mumber was 50 « 60, Correlatirn

of experimental values of the hydraulic resistance of a sand layer with the
value ealculated from equation /47/ gave:

Vo in 12 P LAY AP
o 2 exXpor.,
- according
n./sec. kg./sq. f, to 41/
0.279 11000 940 1.0 x 10% 0.8 x 10%
1,141 22180 1040 2.1 x 10% 3.3 x 0%
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These data show that the formula /47/ is applicable also for evaluation of
‘the hydraulic resistance of a column packed with a non-uniform catalyst.

In conclusion, 1t should be noted that inatead of three experimentally
determined values characterizing the catalyst material (mmber of granules,
surface of the granules and free volume of the catalyst bed) which are
required for calculationa by the Zhaveronkov formula, the formula derived by
the present authors renuires only a single determination of the free volume
of the catalyst bed (from the volume of water or fine sand £illing that
apace). The factor characterizing the catalyst packing according to this
formula, i.e., the average grain dlameter, can be found from equation /12/,

2,
3.
4.

5.

Received at the Editorial Office
July 14, 1945
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FIG, 5, DEVIMENCE OF THE NYDRAULIC RESISTANGE IN THE o ry4 N
CATALYTIC TOWSR Ap UPON ITS DIAMETER D ubge THO /] '/
curves 1 and 3 were caleulated according %o Zhs.voronkov ) V 4
and curves 2 and 4 "according to Chilton and Colburn, /
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linear velocity of the air, m./sec; _
FIG, 7, DEPEIDEICE CF THI EYDRAULIC RESISTANCE Ap OF 4,

g COLUMY WITH GRANULATED GATALYST UPON THE LINEAR VELOCITY
FIG. 6. EXPERIMENTAL UII‘EITllingO?iE Eﬁ’&oﬁrﬂﬁs OF THE GAS STREAM OBSERVED IN THIS WORK. 1 - Ap at the
D SAUI LG RESTSTINGS OF A oortam oF & eir inlet to the eolumn; 2 - Ap at the midile of the
UPgI‘ITDTHE m%%ngﬁL Y;T column; 3 - average values of Ap; 4 - Ap at the oxit
SOLID GRANULATE

from the column; 5 ~ ap according to Zhavoronkov; 6 w Ap
according to Chilton and Colburn; 7 - ap according to °
Chilton end Colburn, assuming the average diameter of.the

particles to be equal to the cubic root of three’
dimensions,

TABLE 3, EFFECT OF THE AVERAGE GRAIN SIZE OF THE CATALYST (D), AND THE DIAMETER OF THE
COHTACT COLUMN (Dy,yp,.) OF THE VALUE OF K IN EQUATICN P/46/

R K emion 7
: from D
Interval of ' Interval of values
values of Interval of values of @.n m.)of Dyype £01'fFrom D of the Txtreme values Dy, Values of X
o Flow Deype’Dp Py for kmown Dyg » "D 20,0073 m,  [ontire Putorval O ey corresponding to them
for Dibhe = 0,7 M . 1
| turbulent > 470 : = 0.0015 > 3,43 3D , 0,088 7 4) (264; 2,97) B0 0.08
2 » 470—77 0,0015-0,009 3,43—0,562 2,11 D 008 @ 0.8) @22 2,12) ;o or
: 1 . _
3 R 71—25 0,009—0,0028 0,620,182 1.3 5= ©.5; 0.2) (L35 1,33 o
1 1
; . —_— : 1,05; 1,06) ————
. . 25—12 fw 0,002%%%383 0,182--0,087 1,16 D, 0. (0,15; 0.09) ( )Dtube 0,04
] ~H-u-‘g*p—== 04 m . ]
5 » 12-23 | (50850017 0,087—0,017 3,08 D 032 | (0,07; 0,018) @319 ;o
1
6 » <23 >0,017 < 0,017 17,62 D, 0.6 (0.017; 0,003) Ry
) . "fOI‘ D‘bube = 0’07 L] . " l
1 gtreamline 100 = <’ 00073 > 0,73 51,33 Dp on (3; 0.8) (51,9; 49)Dtubeo'056
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1 1
' { <10 >000 | <o 17,6 ———x (0.7; 0,06) (16,6 17,67) ;—— o
2 ’ < (0,0073—0,05) D, 0.0 D tuupe 0%
for D =0,04 u - o —_—
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COLUMY WITH GRANULATED CATALYST UPON THE LINEAR VELOCITY *

OF THE GAS STREAM OBSERVED IN THIS WORK,

1~ Ap at the

air inlet to the column; 2 - aAp at the middle of the .
colum; 3 - averege values of Ap; 4 - Ap at the exit
Ap according to Zhavoronkovy 6 = Ap

from the column; 5 -
according to Chilton
Chilton and Colburn,

and Colburn;
assuming the

7 -

4p according to -

average diameter of. the

particles to be equal to the cubic root of three’

dimensions,

TABLE 3, EFTECT OF THE AVERAGE GRATW SIZE OF THE CATALYST (D_) AND THE DIAMETER OF THE

CONTACT COLUMN (Dy,n ) ON THE VALUE OF K IN EQUATION P/46/

’ Vel of K in emmtion /46
: from D
Interval of Interval of values SR
values of Interval of values of @n m.)of Dyybe £01:[From D of the Extreme values Dy Values of X
No Flow Dtube/Dp D, for known Dyyo, m, D, % 0,073 n, éntire Poterval Ei-zz: rg:; the corresponding to them
for _D'tube =0.7 M 1 —
1 burbulent > 470 70,0013 > 3,43 3D , 0,065 (7 9 (284; 2,97) D 004
1
2 » 470—77 0,0015—0,009 3,430,562 2,11 D 0,08 (3 0,8) 2,22 2,19 ;o8
1 . 1
3 » 77—25 0,009—0,0028 0,562—0,182 138 5 ©5; 0,2) (L35 1.33) =0
1 1
. _ T J—— 0, (1,05; 1,06) ————
N X B2 |c . 0,0028--0.0583 0,182—0,087 1,16 D, o (0,15; 0.09) )b o
1 =0,04 u 1
] - 0,202 . 32; 3,14) ———
5 » 12-2,3 0,0033=0 017 0,087—0,017 3,08D,0 (0,07; 0,018) ( 1 )Dtube on
1
6 » <23 >0,017 < 0,017 17,62 D, 0.620 (0,017; 0,003) 8,5 YT
+for Dy = 0,07 w 1
| ; : 0,73 51,38 D_on 308 (51,9; 49 -
1] stroanline >100 20,0073 > P 3 03 D i +0%8
{0,0005-0,0073)
1
2l 1¢0 > 0,0078 < 0,73 17,6 ———o (0,7; 0,06) (16,6; 17,67) ;———
’ < (0,0073-0,03) ' D 0.0m Dtube;) 056
for Dype == 0,04 M
tube ’ = . o
3 » 8_8 0.005—00015 0'058_0'222 83'6 DP o‘m (o'os’ 0'02) (85’89}) tube on3“
v ' 1
4 » 3-1,2 0,015—0,034 0,622—0,0087 600 D 0. (0,03; 0.008) (l65.2);,t_‘—ube o420
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COLUMY WITH GRANULATED CATALYST UPON THE LINEAR

OF THE GAS STREAM OBSERVED IN THIS WORK,

eir inlet to the column;

VELOGITY *

1~ Ap at the

2 = ap at the middle of the -

column; 3 - average values of Ap; 4 = &p at the exdt

fram the column; 5 ~ Ap according to Zhavoronkovs 6
according to Chilton end Golburn;
Chilton and Colburn, assuming the

- Aap

7 -~ &p according to -
average diameter of. the

particles to be equal to the cubic root of three

dimenaions,

TABLE 3, EFFPECT OF THE AVERAGE GRAIN SIZE OF THE CATALYST (Dp) AND THE DIAMETER OF THE
CONTACT COLUMN (D‘bube) ON THE VALUE OF X IN EQUATION P/46/
. e RO TR Valueofxin_e Eua:&ion e
! from D
Intervel of Interval of values b
valuss of Intervel of values of @n m.)of Dyybe £0I'[From D of the Extreme values Diypd Values of K
Yo, Flow Dtube/Dp Dp for known Dy, , m, Dp = 0_0073 n, gntire Prterval gﬂzfe‘ rg:; the corresponding to 1‘;hem
for P'bube =07 M 1
| turbulent > 470 Z0.0015 > 3,43 3D | 0,085 (7 4) (264; 2,97) Do 004
2 » 470-77 0,0015—0,009 3,43—0,562 2,11 D 008 (3; 0.8) @.2% 219 s
1 _ _ 1
3 , 7725 0,009—0,0028 0,620,182 Rl Y-y ©5; 0,2) (L35 133) =%
1 1
_ s - 16— : 0, (1,05; 1,06) ———
4 R 25—12 for 0 0_2'_8:3,0983 0,182—0,087 1,16 D, oo (0,15; 0.09) Dy 1o 0,04
b - =0f6'4 M - 1__
5 » 12-2,3 | — 550330017 0,087—0,017 3,08 D 020 (0,07; 0,018) (32 3,19 5 om
1
6, » <2,3 >0,017 < 0,017 17,62 D, 060 (0,017; 0,003) & ey
~for D =0,07 u 1
1] stroammiine =100 : '“‘2’ o > 0,73 51,38 D o0 (3; 0,8) 51,9; S
. ) A
€0,0005-0,0073)
1 1
| 17,6 ~——— ,7; 16,6; 17,67) ————
21 » <100 (0,507%..(_)%7'%5) <0,73 7 D, o (0,7; 0,06) ( )Dtubeo.osc
for D =0,0¢ M 1
) tube ’ 3 0, - 85;
3 > 8-3 0,005-0,015 0,058—-0,222 8,6 D, 0w (0,05; 0,02) @589} — o
i {
4 » 3-1,2 0,0156—0,034 0;622—0, 0087 600 D 0.0 (0,03; 0,008) S

* The mmorical vaiuAppromednﬁger Release2002/04/ 1], ; CIA-RDP80-00926A001400040002-2



bt i Approvdd Fpr
g
oW — -
{‘ %‘\-ﬁyﬁg 7
g
4
b {2
SLR—
§ % pZ =
The 0 A1
E¥fs 34
L |
b7 4l g 7
e
7
L
ar 7 I 6 47
diameter of the tube in m,
FIG, 5, DEZPIMNDENCE OF THE HYD:

CATALYTIC TOWER &p UPCN ITS

RAULIC RESISTANCE IN THE
DIAMETER D

The

curves 1 and 3 were caleulated according %gbgt.:avoronkov'

and curves 2 and 4 “according to Chilton end Colburn,

FIG, 6. EXPERIMENTAL UNIT FOR THE STUDY COF THE
EFFECT OF THE LINEAR VELOCITY OF A STREAM OF GAS
TPON THE HYDRAULIC RZSISTANCE OF A COLUMN WITH

SOLID GRANULATED CATATYST

25X1A

elease 2002/01/11 : CIA-RDP80-00926A0014000400(-

T T
w00 7
/
200 o1 T / / /
°2
100 (X} ;
PY; i j . /
1000 of : /
" /1
E 00 °7 " /
— 7
8 I /o 1%4
& 500 (’
8 7] °
8 :
% 809 .
a
@ %ﬂ
w S
N
an /
20 4
190 V
g 0 gz 493 Qv a5 0F 47 g 7 7
linear velocity of the air, m./sec,
FIG, 7. DEPEFDENCE OF THE HYDRAULIC RESISTANGE Ap OF 4

COLUMN WITH GRANULATZD CATAIYST UPQN THI

OF THE GAS STREAM OB3ERVED T THIS WORK,
air inlet to the colurm; 2 - Ap at the middle of the .
colunn; 3 ~ average values of Ap; 4 - Op at the exit
from the column; 5 - Ap according to Zhavoronkov; 6 = ap
according to Chilton and Colburn; 7 - 4p according to
Chilton and Colburn, assuming the average diameter: of. the
particles to be equal to the cubic root of three

dimensions.

LINEAR VELOCITY -
1-4p

at the

TABLE 3, EFTECT OF THE AVKRAGE GRATN SIZE OF THE CATALYST (D ) AND THE DIRMTER OF TEE
CONTACT COLUMN (Dy) ON THE VALUE OF K 1IN BOUATION P/46/
- e S e o ki é:;:;a'g_iggu i
‘ from D
Interval of Interval of values —
values of Interval of values of @.n m.)of Diybe £0L fFrom D of the Extreme values Dy, Values of K
No. Flow _Dtube/Dp D, for known Dy s ™D, 20,0073 m,  [entire Poterval gﬂzgrig; the ' corresponding to them
for Ptu'be =_0,7 M __._l
| turbulent > 470 < 0'0015 > 3,43 3D p 0,085 (7, ‘) (2'64J 2397) Dtubeo'“
2 » 470-77 | 0,0015-0,009 3,430,562 211 D, 00 @ 0.8) @25 210 5 o
1 , 1
3 » 7725 0,009—0,0028 0,562—0,182 1,38 m 0.5; 0,2) (1,35; 1,33) L .00
1 1
. _ . . 0. 1,05; 1,06) —————
4 ) 25—12 f 0 ooia.fpo’aow 0,182—0,087 1,16 D, o (0,15; 0.09) ( )Dtubeo.w
1 _E.HB-, =0,04 u i
7 . 0,202 . ,2; 3,14) —/—/——
5 » 12-2.3 | ~—g5083=07017 0,087—0,017 3,080, 0 (0.07; 0,018) @3 57—
1
6 » <23 >0,017 < 0,017 17,62 D, 0.2 0,017; 0,003) & ey
~for D =0,07 u
1]  streamiine ~100 : t“; 50T > 0,78 51,33 D o1 3 08) 1.9 49—
€0,0005 —0,0073)
1 1
2l 160 > 0,0073. < 0,73 17,6 ——r (0.7; 0,06) (16.,8; 17,67) ;——
’ < (0,0073-0,05) ' D oo D g -056
| for Dyre =0,04 M 0,068—0,222 85.6 D_ 0.4m 0,05; 0,02) (85;89},
3 » 8-3 0,005—-0,015 PEERTTY % P (0,05; 0, VD ibe 00313
s » 3-1,2 0,016—0,034 0;622—0,0087 600 D, 0.5 (0,03; 0,008) s o
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LINEAR VELOGITY -
l1-4p

at the

alr inlet to the colurm; 2 ~ ap at the middle of the
colum; 3 - average values of Ap; 4 = Ap at the exit

from the column; 5
according to Chilton and Colburn;
Chilton and Colburn,

= Ap according to Zhavoronkov; 6 = ap
7 = Ap according to -
assuming the average diameter of.ithe

particles to be equal to the cubic root of three

dimensions,

. : .
TABLE 3, EFFECT OF THE AViIRAGE GRAIN SIZE OF THE CATALYST (D ) AND THE DIAMETER OF TH

CONTACT COLUMN (Dy,p0) ON THE VALUE OF K TN EQUATION P/4¢/

RO & et o Vaiueczf e in-e Ega%iofl o,
’ from D
Intervel of Interval of values | S
valuss of Interval of values of @.n m.) of Dyybe fol![From D_ of the Fxtreme values Dy, Values of K '
No. Flow Dtube/Dp Dp for known Dtube s T, Dp = 0,0073 m, entire Bntsrval 5;-::: rg:; the corresponding to f,hem
for Dtpe =0,7 M 1
1 turbulent > 470 20,0005 > 3,43 3D , 0,085 X)) (264; 2,97) Dong 001
2 » 470—77 0,0015—0,009 3,43—0,562 2,11 D 0 (3; 0,8 (2,22; 2,12) Dy Ot
1 . 1
3 » 77—25 0,009—0,0028 0,562—0,182 1,38 W 0,5; 0,2) (1,35; 1,33) L 008
1 1
- 5 16— ;0. (1,05; 1,06) ———-
4 » 25—12 FN‘ 0 00380—0(),:%383 0,182—0,087 1,16 Dp o.100 (0,15; 0.09) )Dtubeo'o‘
_Jl.ugqp:o, 4 M 1
5 » 12-2.3 : 0,087—0,017 8,08 D, 0,202 (0,07; 0,018) (3,2; 3,14) Y
' 0,0033—0,017 ' ’ ’ P G D be 0211
1
6, » <23 >0,017 < 0,017 17,62 D, 0.620 (0,017; 0,003) O ey
for Dy, =0,07 i
1 streamline ~100 = 00073 > 0,73 51,38 Dp .0 11 (3; 0,%) (51,9; 49)D-hube0'056
'€0,0005-0,0073)
1 1
| 1C0 >>.0,0073 < 0,73 17,6 ——— 0,7; 0,06) (16,6; |7.67)«-_—_
2 ’ < (0,0073-0,03) ' D o0 D1 0-056
for D =0,0t u
tube ’ = . r
3 » 8-3 0,005—0,015 0,058—0,222 85,6 D o 0,873 (0,05; 0,02) (85;89), b 0813
4 » 3-1,2 0,016—0,034 0,622—0,0087 600 Dp 0,836 (0,03; 0,008 (1(55,2,‘]1011})e 0,420
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gggg;mmm CATALYST column; 3 - average valunes of Ap; 4 - Ap at the exit

from the column; 5 - ap according to Zhavoronkow 6 - Ap
according to Chilton ang Colburn; 7 - Ap according to -
Chilton and Colburn, assuming the average diameter: of. the

particles to be equal to the cubic root of three’
dimensiong,

TABLE 3, EFTECT OF THE AVERAGE GRATN SIZE QF THE CATALYST (Dp) AND THE DIAMETER OF THE
CONTACT COLUMN (Dype) O THE VALUE OF K 1IN EQUATION P/46/

o I LRI S r————
| fram D
Interval of Interval of valuea | S
valuss of Intervel of valnes of @.n n.)of Dype fol i}‘rom D_ of the Ixtrems values Dy Velues of & .
No.' Flow .Dtube/Dp Dp for known D , m, D, = 0.0073 m, entire Tnterval . gi:z: rfv:; the corresponding to them
for Diihe =07 M 1
1 turbulent > 470 70,0005 > 3,43 3D ,, 0,085 X)) (284; 2,97) By a8
2 » 470-77 | 0,0015—0,009 3,43—0,562 2,11 D 00 (; 0.8) @022 2,12) 5~
A
. 1 . 1
3 » 7725 0,009—0, 0028 0,562—0,182 1,38 m 0.5; 0,2 (1,35; 1,33) L o0
1 1
- 5 — : 0. 1,05; 1,06
s . w12 | ()Do%;%%:sa 0,182—0,087 116 D, o.1 (0,15; 0.09) ( ) D 0.04
M’p‘ =9, M . 1
5 » 12-2.3 0,00385=0,017 0,087—0,017 3,08 D, 0202 (0,07; 0,018) (3.2; 3,19) D, oo
1
6 » <2,3 >0,017 < 0,017 17,62 D, 0.2 (0.017; 0,003) 8,5* bé"w"
cubg™
“for Dy =0,07 u 7 |
1] streamline >100 ' > 0,73 61,38 D on 3 08) (51,9; 49) ——o
< 0,0073 P D 4o 0105
(0,0005—0.0073) .
1
2| » 160 >.0,0073 : <0,73 17,6 ———u 0,7; 0,06) (16,6; 17,67),
< (0,0073-0,05) ! D o.om D tng0+050
for D — 1
; tube =0,04 M - . i o
3 » 8-3 0.005=0.015 0,058—0,222 85,6 D oam (0,05; 0,02) ®5:89), — -5
4 » 8-1,2 [ 0,016—0,04 0,220, 0087 600 D ous J) (0,03; 0,008) (165,20 — v
—— 1400040002-2 tube
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THE LINEAR
OBSERVED IN THTS WORK,
olurn;
column; 3 - average values of Ap;
5~ ap according
according to Chilton and Colburn;
Chilton and Colburn, assuming the
be equal to the cubi,

VELOCITY
1« Ap at the

2 ~ ap at the middle of the -
4 ~ Bp at the exit
to Zhavoronkov; 6

7- &p according
average diameter: uof.the

¢ Toot of three

- ap
to

BCNEIE tp——
: from D
Interval of ) Interval of values e st eyt
values of Interval of values of Cin m.) of Diype £02 fFrom D_. of the Extreme velues Diub Values of X
Yo, Flow Dtube/Dp DP for known D,mbe s M, Dp = 0,0073 m, entire fnterval gixnrz: rg:; the corresponding to Fhem
for Ptube =07 u 1
‘ turbulent > 470 < 0'0015 > 3143 3D P 0,@5 (7; ‘) (2.64; 2,97) Dtube 0,04
2 » 470-77 - 0,0015-0,009 3,430,562 2,11 D 0% (3 0,8) (2,22, 2,12) D08
1 . 1
3 » 7735 0,009—0,0028 0,562—0, 182 sy (05; 0,2) (1,35 1,33) L o0t
H 1
- _ _ - 0, (1,05; 1,06).
4 » B2 | °!§°3833£°83 0,182—0,087 1,16 b, o1 (0.15; 0.09) Dy 004
1 =0,04 M i
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1
6 » <2.3 >0,017 < 0,017 17,62 D, o.e20 (0,017; 0,003) (8.5)*%1)60 we
. ’ vube™
~for Dtube =0.07 M . . 1
] 5 } 0,73 51,38 D_on 3; 0,8 (51,9; 49) ———
1 streamline >100 - Z0.0073 > P ( ) D e 01058
€0,0005 -0, 0073)
1 1
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for D =0,04
tubs = . o
3 » 8-3 0:605‘—0.0.15 0'058_0.222 80'6 Dp o.m (0’05' 0'02) (ss'sgb 'bube 0'3”
1
4 . 31,2 0,015—0,034 0,622—0, 0087 600 D 0.3 (0,03; 0.008) (165.2>5t“—ub9 .43
—_— 1400040002-2
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TABLE 3, EFFECT OF THE AVERAGE GRATN SIZE OF THE CATALYST (D ) AND THE DIAMETER OF THE

CONTACT COLUMN (Dyyp,) ON THT VALUE OF K IN EQUATION P/46/

2 = ap at the middle of the
s of Ap; 4 - Ap at the exit
P according to Zhavoronkovy 6

- AD

7 = Ap according to °
suning the average diameter: of. the
to the cubic root of three
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tton /48]

Interval of : Interval of valuesv S
valuss of Interval of values of {in m.)}of Diyhe for fFrom D of the Txtreme values Dy, Values of K
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for Dybe =07 1
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t 1
= —_ : 0, (1,05; 1,06y ————
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2 » < 0,0075—0.05) ’ Dp 0,008 D 411160+056
for Dtube =0;0‘ M - 85:8 _.1*
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OF THE GAS STREAM CBSERVED IN THIS WORK,

1= Ap at the

slr inlet to the column; 2 - Ap at the middle of the .
column; 3 - average values of Ap; 4 ~ Ap at the exit
from the column; 5 ~ Ap according to Zhavoronkovy 6 = ap
according to Chilton and Colburn; 7 -~ Ap according to
Chilton and Colburn, assuming the average diameter of.the
particles to be equal to the cubic root of three

dimensions,

TABLE 3, EFFECT OF THE AVMRAGE GRAIN SIZE OF THE GATALYST (D ) AND THE DIAMETZR OF TH

CONTACT COLUMY (Dy4,0) ON THE VALUE OF K IN BQUATION Plus/

- T T T aue of "'Kwi;ijegggtion /48/
! from D
Interval of Interval of values e
values of Interval of values of @.n w.) of Dyybe To2'fFrem D_ of the Extreme values Dy, Values of K
No, Flow Dtube/Dp Dp for known Dtube s M, Dp = 0,0073 m, entire Interval giz:: r\ir':.; ‘the corresponding to *t‘:hem
for Dy ibe =0,7 & 4: 2.9 N
1 tsurbulont > 470 0,000 > 3,43 3D 0,085 X)) (2.84; 2,97) Dape 008
2 ’ 470-77 -|  0,0015—0,009 3,43—0,562 2,11 D, 0,08 3; 0.8) 2,25 21D 5w
1 ) 1
3 . 77—25 0,009—0,0028 0,£62-0,182 1,38 —W 0,5; 0,2) (1,35; 1,33) L 00
1 1
- _ — : 0. (1,05; 1,06)
" » 212 | 0.0028-0,0383 0,182—0,087 L6 5 (0.15; 0.09) Db 4
* RaaBoy 26704 u !
' 0,087—0,017 3,08 D, 0,302 (0,07; 0,018) (3.2 3,14) ;7
5 » 12-2,3 0,0033—0,017 ’ ’ ’ P W 4 ’ D s ibe 01210
1
6 » <23 >0,017 < 0,017 17,62 D, 0.2 (0,017; 0,003) LRy
- ~for D =007 u . 1
1] etroaniine ~100 : '“2" — > 0,78 51,38 D, 01 @ 03) (519 49—
' {0,0005—0,0073)
1 X !
2l 1€0 >~ 0,0073 < 0,73 17,6 ~——— (0,7; 0,06) (16,6; 17,67),;—— -~
! < (0,0073-0,05) ' D oo Dtube;) 05
) for D-t,u'be = 0.0‘ ] - o . 5:8! — e
3 » 8—38 0'005_0'015 01058—0)222 80,6 Dp A 373 (0,05, 0.02) (8 s 9)) tube 0,313
1
4 » 31,2 0,016—0,04 0;622—0,0087 600 D 0. (0,03; 0,008) G Sy
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1- Ap at the

air inlet to the column; 2 - ap at the middle of the .
column; 3 - average values of Ap; 4 ~ Op at the exit
from the column; 5 = Ap according to Zhavoronkovy 6 « ap
according to Chilton and Colburn; 7 - Ap according to
Chilton end Colburn, assuming the average diameter of.the
particles to be equal to the cubic root of three

dimensions.

EFFECT OF THT AVRRAGE GRAIN SIZE OF THE CATALYST (Dp) AND THE DIAMETER OF THT
CONTACT COLUMN (Dyyp,e) OF THE VALUE OF K TN EQUATION 46/

Valve of X in emuation /46/

L

Interval of Interval of valussl S from D
values of Interval of values of (in m.)of Dyype £01'[From D_ of the Extreme values Diy Values of X
Flow Do o Dp for known D, o o , m, Dp - 0'0073 m, ntire Tntervel gﬂi: rﬁ?& the corresponding to f.hem‘
‘ for _D'bube =07 M 1
turbulent > 470 < 0'0015 > 3,43 3D P 0,085 (7, 4) (2.64, 2,97) Dtubeo’m
1
» 47077 0,0015-0,009 3,43—0,562 2,11 D 00 @ 0.8) 225 2,12 g oo
1 . —
» 77—25 0,009—0,0028 0,£62—0,182 138 0,5 0.2) (L35 1.38) -~
1 1
—_ 3 16 — ;s U (1»05; 1,06) .
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=0,04 u 1
7 o 0,202 . HEAL) Y
» 12-2,3 0,0033=0,017 0,087—0,017 3,08 D, (0,07; 0,018) (3.2; 3,19 D g 0211
1
» <23 >0,017 < 0,017 17,62 D, 0.6 (0,017; 0,003) GRSy
' for Diupg = 007 ¥ 0,78 51,38 D_ 01 3 0.8 (51,9; 49 ———
gtreamline >100 = 0,007 >0, ) P 303 D e 1038
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1 1
160 > 0,0073 < 0,73 17,6 ———— (0.7; 0,06) (16,6; 17,67) .~
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for Dyve =0,04 M - 0 . -8
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OF THE GAS STREAM OBSERVED TN THIS WORK,

1~ Ap at the

air inlet to the column; 2 - Ap at the middle of the -
colunn; 3 - average values of Ap; 4 ~ Ap at the exit
from the coluwmn; 5 - Ap according to Zhavoronkovy 6 = Ap
according to Chilton end Colburn; 7 - Ap according to -
Chilton and Colburn, assuming the average diameter.of.the
particles to be equal to the cubic root of three

dimensions,

TABLE 3. EFFECT OF THE AVERAGE GRATN SIZE OF THE CATATYST (D ) AND THE DIAMETER OF TEE

CONTACT COLUMY (Dy,p.) ON THE VALUE OF K TN EQUATICN Do/

- e e Kin‘egga?lz 02/46/
! from D
Interval of ) Interval of values o
values of Interval of values of @.n m.) of Diybe fO1 fFrom D of the Txtreme valued Dy Values of K
Yo. Flow Dy’ Dp D, for mown Dy e , me'p = 0.0073 m. ?ntire Putorval ggi:’ rﬁ;{ the corresponding to them
for Piube =07 M @84; 2.97) —
: : 0,085 . ; 2, —
1 turbulent > 470 < 0,00'5 > 3,43 3D P (7v 4) )Dtube 0,04
1
2 » 47077 - 0,0015—0,009 3,43—0,562 2,11 D, 0,08 ; 0.8) (2,22 2,19) g™
1 R _1
3 » 77—25 0,009—0,0028 0,£62—0,182 138 S (0,5 0,2) (1,35 1.38) F 0o
1 1
— 3 ,‘6 HER (lpOS; lros)
4 R 2512 For 0 0_2'_8:3&(/)383 0,182—0,087 1 D, 0.1 (0,15; 0.09) Dy 1o 004
b ﬂ*ﬁéﬂy=‘0,04 N 1
! — 0,202 . 3,2 314) —m—
5 » 12-2,3 0,0033-0,017 0,087—0,017 3.08 Dy (0.07; 0,018) ¢ ) B o 081
1
6 » <2.3 >0,017 < 0,017 17,62 D, 0.2 (0,017; 0,003) B e
for Dype = 0,07 u . 1
} . ) .73 51,38 D_on 3; 0,8 (51,9; 49) ————
1 stroemline >100 —=70,0073 - >0 p 3 0.8) D 4. 00 V1058
¢0,0005 —0,0073)
1 1
2 10 > 0,0073 < 0,73 17,6 ———vm (0,7; 0,06) (16,6; 17,67). o0
’ < (0,0073-0,05) b, o8 ' Dtuber 056
_ for Dy pe =0,04 M . . o . 89) —L——
3 » 8—3 0,005—0,015 0,058—0,222 83,6 Dp » 873 (0,05; 0,02) (85;89), wube 813
) - 1
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DEFERDIZICE OF THE EYDRAULIC RESISTANCE Ap OF 4

COLUMY WITH GRANULATED CATALYST UPON THE LINEAR VELOCITY -

OF THE GAS STREAM OBSERVED IN THIS WORK,

1= Ap.at the

air inlet to the column; 2 - ap at the middle of the -
column; 3 - average values of ap; 4 - Ap at the exit
fram the column; 5 -« ap according to Zhavoronkov; 6 = ap
according to Chilton and Colburn; 7 = ap according to -
Chilton and Golburn, assuming the average diamster of, the
particles to be equal to the cubic root of three

dimensions,

TABLE 3, EFFECT OF THI; AVVRAGE GRATN SIZE OF THE CATALYST (D_) AND THE DIAMETER OF TH

CONTACT GOLUMY (Dy,n..) ON THE VALUE OF K 1IN BQUATION P/46/

o T Value lof 'Kwi.!’lr“eg_g_g.f_g'.‘gp._“ /46/
' { frem D
Interval of Interval of values e e
values of Intervel of values of Cin m.) of Dyype Fo1 'fFrem D of the Extreme values Dy, Values of K
No.' Flow D,mbe/np np for known Dy ,_ m, D, = 0,0073 m, .ntire Pnterval gﬂ:: rﬁ:{ the | corresponding to them
for Dyupe =07 M . 1
1 turbulent > 470 Z 0,005 > 3,43 3D , 0,085 (R )] (2.84; 2,97) Dy e 0,04
1
2 » 470-77 - 0,0015—0,009 3,430,562 2,11 D 00 (3; 0,8) @25 2,12) g — ot~
1 . _ 1
3 » 77—25 0,009—0,0028 0,562—0,182 L3 o .5 0,2) (L35 138)
1 1
3 — —_——— X (lros; ],06)___"
4 » 212 g, 0,0028-0.0583 0,182—0, 087 118 o (0,15; 0.09) Dy 0:0
1 - —-_‘85’4 M 1
5 » 12-2,3 0'0033___0'017 0,087—0,017 3,08 Dp 9,202 (0,07; 0,018) (312l 3914) Dtube 0,411
1
6 » <23 >0,017 < 0,017 17,62 D, o.e2 (0,017; 0,003) AR
‘ " +L0T Diype =0,07 u . ! 1
1 Streamline ~100 : = 00073 > 0,73 51,33 Dp 012 (3; 0,8 (51,9 49)oweo,05B
¢0,0005 -0,0073)
1 !
| 7 17,6 ——— ,7; 0,0 16,6; 17,67) ———
2 » < 1C0 (0.&7%._0%7’%5) < 0,73 7 D om (0,7; 0,06) ( D 4 110g0: 056
for D =0,0i 1
; tube y 5 o, . ;89
3 > 8-3 9,005-0,015 0,058—0,222 85,6 D, o (0,05; 0,02) @589, —— o
4 » 3-1,2 0,0156—0,034 0,822—0,0087 600 D 0.3 (0,03; 0,008) (165.2)[‘,‘;‘*_ubs 0,420
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TABLE 3, EFFECT OF THE AVERAGE GRAIN SIZE OF THE GATALYST (D), AND THE DIAMETER OF THE
CONTACT COLUMN Dy, ) ON THE VALUE OF K IN EQUATICN P/46/
. . . R S TS valueofKin‘egua;im ™
’ l frem D
Interval of - Interval of values b
values of Interval of values of @.n m.)of Dyype Tor '[From D. of the Txtreme values Dy, Values of K
No, Flow Dtube/Dp Dp for known Dy, ' m, Dp = 0.00?3 m, ?ntire Puterval gi;’li: rfr:{ the 4 corresponding to them
for Diibe =07 M _.____l
1 turbulent > 470 00015 > 3,43 3D |, 0,085 (7. 4) (264; 2,97) D 008
1
2 » 47077 - 0,0015—0,009 3,430,562 2,11 D 0,08 (3; 0.8) .22 219 ;s
, 1 . 1
. , 77—25 0,009—0,0028 0,562—0,182 1,38 Dp 0% 0.5; 0,2) (1,35; 1,33) L Loot
1 . 1
4 » 2512 |r,, (.0028-0,0383 0,182—0,087 1,16 D, o105 (0.15; 0.09) (05 1085 o
1 .—,a-u—pw-ﬁﬁjm ' 39: 314 i
] ] e 0,202 . ,2; 3y P
5 » 12-2,3 0,0033—0,017 0,087—0,017 3.08 Dp % 0.07; 0,018) ¢ ) 5 e 0oil
1
6 » <2.3 0,017 < 0,017 17,62 D, 0.62 (0,017; 0,003) (8'5)‘—*—_0111,6”-%”
" “for Dyype =0,07 1
j ; 0,73 51,38 D_on 3; 0,8 (5,9; 49) -
1 stroamline >100 < 0,0073 - > P ¢ ) D e 1038
€0,0005-0,0073)
1
1C0 > 0,0073 < 0,73 17,6 —— (0,7; 0,06) (16,6; I7,67),’ -
2 ’ < (0,0073-0,03) D 0.0 ' Dtube: 056
for Dyne =0,01 M . o y
. L3873 . ;8
3 » 8—-3 0'005_0'015 01058—0’222 80,6 D P (0,05, 0.02) (85 95 $ubo 0,803
. 1
4 . 31,2 0,015—0,034 0,622—0,0087 600 D 0. (0,03; 0.008) (165.2)];‘;’_—uba 0,428
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from the column; 5 ~ ap according to Zhevoronkovy 6
according to Chilton and Colburn;
Chilton and Colburn, assuming the
particles to be e

dimenaions,

1C RISISTANCE Ap OF 14
UPON THE LINEAR VELOOTTY |

1~ Ap at the
air inlet to the column; 2 - ap at the middle of the
column; 3 - average values of Ap; 4 - Ap st the exit

- AD

7 - ap according to -
average diameter of.the
qual to the cubic root of three’

TABLE 3, EFFECT OF THE AVWRAGE GRAIN SIZE OF THE CATAIYST (Dp) AND THE DIAMETER OF THE
CONTACT COLUMN (Dyp.) ON THE VALUE OF X IN EQUATION P/46/
’ N  Velte of X in oomstion /ie/
’ I from D
Interval of : Interval of values |
values of Interval of values of @.n m.)of Dyype £o1'From D_ of the Extreme values Dy, Values of K
No. Flow .Dtube/Dp Dp for kmown D, , m. o = 0_0073 m, gntire Poterval gg:: mf";; the . corresponding to them
for Ptube =07 M 1
] turbulent > 470 < 0,0015 > 3,43 3D P 0,088 .o (264; 2,97 Dy pe 0104
1
2 » 470—77 - 0,0015—0,009 3,43—0,562 2,11 D, 008 (30,8 (2,22; 2,12) Dy g0 04
1 . _ 1
3 » 77—25 0,009-—0,0028 0,562-0,182 1,38 Dp o0 0,5; 0,2 (1,85; 1,33) L ow
1 1
4 » 25—12 0,0028—0,0383 0,182—0,087 1,16 (0,15; 0.09) (1,05; 1,06) 7———o
. For To D, 0,10 e O
] ’ '5.%4 N 32: 3 1
— 0,202 H ,2; 3, T oo
s » 12-2,3 0,0083=0.017 0,087—0,017 3.08D,0 (0,07; 0,018) ( 14)I,mbe oan
|
6 ) <23 >0,017 < 0,017 17,62 D, 0.620 (0,017; 0,003) (8.5)'—0111)60_2“
+fop Dtube = 0,07 M . | {
1 stresmling >100 =0T > 0,73 51,38 D o1 (3; 0.8) (51,9; 49)Dtube"'°5"
€0,0005 —0,0073)
1
i 73 17,6 ——— ,7; 0,0 16.,6; 17,67) =———
2 ’ <160 (o.?m%'—o?f.%s) <o D, 0.0 (0.7 098 ( I8 0058
for D =0,0¢ M 1
tube - . .
3 » 8-3 0.005—0.015 0,058—0,222 8,6 D oam (0,05; 0.02) @5:89) —owns
) 1
4 » 3-1,2 0,016—0,034 0;622—0,0087 600 D o (0,03; 0,008) T
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Ap 01";
VELOCITY -
1 - Ap at the

air inlet to the column; 2 = Ap at the middle of the .
column; 3 - average values of Ap; 4 - Op at the exdit
from the column; 5 - Ap according to Zhavoronkovs 6 = ap
according to Chilton and Golburn; 7 = Ap according to
Chilten and Colburn, assuming the average diameter of.the
particles to be equal to the cubic root of three’

dimenaions,

: T
TABLE 3, EFFECT OF THE AVERAGE GRAIN SIZE OF THE CATALYST (D) AND THE DIAMETER OF THE

CONTACT COLUMN (D 4.) ON THE VALUE OF X IN BQUATICN P/46/

. R | __Valus of X in ocquatlon /46/
' frem D
Interval of Interval of values e
values of Interval of values of @.n ,)of Digybhe TOL fFrom D of the fxtreme values Dy, Values of K
No. Flow Dirins’Dp D, for knon Dy ;o : m|"D, ='0,0073 m, entize Patorval gﬂ:: rﬁ:; the corrosponding to then
for Ptuba =0,7 M 1
! turbulent > 470 70,0015 > 3,43 3D |, 0,085 E)) (2,64; 2,97) D——__—mbe(’-“
1
2 » 470—-77 - 0,0015—-0,009 3,43—0,562 2,11 Dp 0,03 (3;0,8) (2,22; 2,12) D_._tubeo_.o‘
1 . 1
3 » 7725 0,009—0,0028 0,620,182 R Ty ©5; 0,2) (L35 1,83) 7=
1 1
< _ —_— : 0, (1,05; 1,06) —————
4 » 2512 For 0 012'8"—1;)&/0383 0.182-—0,087 116 D, 010 (0.15; 0.09) )Dtube 0.t
~ ] 004 3,2; 3,14) ———
- 0,202 . ,2; 3, —
5 » 12-2,3 0,0083=0,017 0,087—0,017 3,08D,0 (0,07; 0,018) ( )][Jtube Pt
. 1
6 X <2.3 0,017 < 0,017 17,62 D, 0.6 (0,017; 0,003) R
for Dy = 0,07 u _ . ;
1 gtreamline 100 - = 0,0073 . > 0,73 51,33 Dp 013 (3 0,8) (51,9; 49)D'tmbeo'o58
0,0005 —0,0073)
1 ]
' 17,6 ~————— ,7; 0,08 16,6; 17,67) ————
2 » <100 (0,0>07%'£%7,365) <07 7 D_ oo (0.7; 0,06) ( D g1 0056
for D =0,04 M
tube ' = 0,873 . 85,89
3 ’ 8-3 5,015 0,088—0,222 85,6 D, (0,05; 0,02) @589, — 5
4 » 31,2 0,016—0,034 0;822—0,0087 600 D o (0,03; 0,008) S Y
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air inlet to the colwmn; 2 ~ ap at the middle of the -
column; 3 - average values of Ap; 4 - 6Hp at the exit
from the column; 5 - Ap according to Zhavoronkovs 6 = ap
according to Chilton and Golburn; 7 - 4&p according to -
Chilton and Colburn, assuming the average diemeter of. the
particles to be equal to the cubic root of three

dimensions,

GONTACT COTUMN (Dy..) ON THE VALUE OF K IN EQUATION P/46/

EFFECT OF THE AVERAGE GRATN SIZE OF THE CATALYST (D ) AND THE DIAMETER OF THE

1- 4Ap.at the

NP e We%a;iop o
from D
Intervel of Interval of values | S
values of Interval of values of @.n m,)of Diybe fO1 fFrom D_ of the Fxtreme values Dipd Values of K
No. Flow Dtube/Dp Dp for known D, , , Dp = 0'0073 . .entire Paterval gizizr\i;:.; the corregponding to ?hem
for Ptube =07 M - 297 ———‘l
| turbulent > 470 < 0'0015 > 3,43 3D P 0,085 (7’ 4) (2164' ) ) Dtu'beo'm
2 » 47077 - 0,0015—0,009 3,430,562 2,11 D, 0,08 (3 0,8) (2,22; 2,12) o
1 . 1
3 » 77—25 0,009—0,0028 0,562—0,182 1,38 5o (0.5; 0,2) (L35 138) ==
1 1
- . 05; » T
" ) w12 o, 000800585 | 0,182-0,087 L1 o (0.15; 0.09) (1055 108) 5 e 0o
1 -’-Il-uﬁp_:s,e&i " ) 1
5 » 12-2,3 0,0083=0,017 0,087—0,017 3,08 D, 0302 (0,07; 0,018) (3.2; 3,14) m
1
5 » <23 >0,017 < 0,017 17,62 D, 0,60 (0,017; 0,003) (8.5)*"——-“1%0.%,,
~for Dhlbe =0v07 M . 1
1 stresmline =100 - = 70,0673 > 0,73 51,38 Dp 011 (3; 08) (51,9; 49)Dtubeu‘°56
'{0,0005-0,0073)
1 1
17,6 ———— ,7; 0,0 16,6; 17,67) ~————
2 » <160 (0.507%-2%7.%5) <0,73 1.6 D, 0.0 .7 0,06) ( D111g9-058
] for Do =0,04 M ' = 0,878 . 85;89), - L
3 » 88 3-005—0,015 0,058—0,222 85,6 D o (0,05; 0,02) @589 —,
) I
4 » 3-1,2 0,016—0,034 0,622—0,0087 600 D o0 (0,03; 0,008) (165.2),';;;;;,42—8
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curves 1 and 3 were calculated according %gbgl.lavoronkov‘
and curves 2 and 4 according to Chilton and Colburn,

FIG, 6, EXPERIMENTAL UNIT FOR THE STUDY OF THE
EFFECT OF THE LINEAR VELOCITY OF A STREAM OF GAS
UPQH THE HYDRAULIC RESISTANGE OF A COIUMN WITH

SOLID GRANULATED CATALYST

TABLE 3,

25X1A

elease 2002/01/11 : CIA-RDP80-00926A00140004000-

’ | %
154 7 /
S|
1200 o7 | /
L4
700 o7
oy
of
18961 of
é o7
~ 900
0
O
& 500
§
4
% 02
a
4 S| f%
400
I
20 ’/
190 L& v
Y 2 TR R T T T M VA T A AT R
linear veloclty of the air, m,/sec,
FIG, 7. DEFEFDENCE OF THE HYDRAULIC RESISTANCE

COLUMN WITH GRANULATED CATALYST UPON THE LINEAR

OF THE GAS STREAM OBSFRVED IN THIS WORK.
alr inlet to the column; 2 ~ Ap at the middle of the -
column; 3 - average values of Ap; 4 = Op at the exit
from the column; 5 - Ap according to Zhavoronkovy 6 = Ap
according to Chilton and Colburn; 7 = Ap according to -
Chilton and Colburn, assuming the average diemeter of, the
particles to be equal to the cubic root of thres

dimensions,

EFFECT OF THE AVERAGE GRAIN SIZE OF THE CATALYST (Dp) AND THE DIAMETER OF THE
CONTACT COLUMN (Dy; ) O THE VALUE OF K IN EQUATION P/46/

VELOCITY.
1- 4p at ‘the

" Value of K in equation /46/

Interval of ’ Interval of values - from D
values of Interval of values of @.n m,)of Diybe £0L fFrom D_ of the Extreme valuesd Diyyd Values of K :
No. Flow Dysbe’Dp Dy for ko Dy 5 m[D 20,0073 m,  [emtire Ertorval glvon for the corresponding to them
for Ptube =0,7 M 1
1 turbulent > 470 70,0015 > 3,43 3D |, 0,085 74 (2,84; 2,97) B 008
2 » 47077 - 0,0015—0,009 3,43—0,562 2,11 D, 003 3 0.8) @.2% 219 0%
1 ' 1
3 . 7725 0,009—0,0028 0,562—0,182 1,38 —Dm 0,5; 0,2) (1,35; 1,33) L Lo0
t 1
- 5 - . 0. (1,05; 1,06) ————
4 » 212 | 0 0218:2.%783 0,182—0,087 1,16 D, oo (0,15; 0.09) )5 o
] =0,74 u 1
5 » 12-23 | ~5,5685=0,017 0,087—0,017 3,08 D, 0,202 ©.07; 0,018) G2 5o
1
6 » <2.3 0,017 < 0,017 17,62 DP 0,629 (0,017; 0,003) (8,5)* -'ubeo‘mn
-for D =0,07 u . 1
1]  streamline >100 - hzeo T3 > 0,73 51,38 D, on (3 0.8) (61,89 49)%%«;.058
. L] ’ A
0,0005-0,0073)
1 1
17,6 ——— 7; 16,6; 17,67) ———
' < ewMhy | <om O D
for D =0,0i M - .
3 » 83 050,015 0,058—0,222 85,6 D 0.8m (0,05; 0,02) @589 — o
- ]
4 » 3-1,2 0,015—0,034 0,922—0,0087 600 D o.4% (0,03; 0,008) O
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FIG, 7. DEPEEDENCE OI' THE HYDRAULIC RESISTANCE

Ap aFd

COLUMN WITH GRANULATZD CATALYST UPCM THE LINFAR VELOCITY -
OF THE GAS STREAM OBSERVED IN THIS WORK,

1= Ap at the

air inlet to the column; 2 = ap at the middle of the -
column; 3 - average values of Ap; 4 - Ap at the exit

from the column; 5 — Ap according to Zhavoronkov; 6 = Ap
according to Chilton and Colburn; 7 - Ap according to
Chilton and Colburn, assuming the average diamster of.the

particles to bs equal to the cubic root of three
dimensions,

. ~ .
TABLE 3, EFFECT OF THG AVERAGE GRAIN SIZE OF THE CATALYST (D ) AND THE DIAMETER CF TEE

CONTACT COLUMY (Dyyp.) OF THE VALUE OF K 1IN EQUATION P/46/

. e e R T iﬁiﬁgg@'ﬁggﬂ,(@/
' from D
Interval of Interval of values P
values of Interval of valuss of @.n m.)of Dyype £01'{ffrom D, of the Extreme values Dy, Values of K
No. Flow Dyrine’Dp D, for known Dy » o[, = 0,007 m,  |entire Pnterval gi::: rgg; the | corrasponitng to then
: for _Dtube =07 M 1
1 turbulent > 470 20,0015 > 3,43 3D |, 0,085 )] (2/64; 2,97) Do 008
2 » 47077 - 0,0015—0,009 3,43—0,562 2,11 D 0,08 @; 0.8) (.22 2,12) ;—
1 _ 1
3 » 77—25 0,009—0,0028 0,562—0,182 1,38 -5;—05,- 0,5; 0,2) (1,35; 1,33) o oom
1 : 1
4 v 2-12 |p  0,9028—0,0383 0,182—0,087 116 5 om (0,15; 0.09) (1,05; 1.06) ;—
1 T D2 5704 u |
d -~ 0,202 . : L
5 » 12-2,3 6,0033=0.017 0,087—0,017 3.08D,0 (0,07; 0,018) (3.2; 3,14 D pong 071
1
6 » <2.3 0,017 < 0,017 17,62 D, 0.620 (0,017; 0,003) SR L
-for D =0,07 u . 1
1| stresmitne >100 |= '““:’ — > 0,73 51,38 D, o1 3 08) (51,9 49—
' {0,0005—0,0073)
1 1
2| . 1c0 > 0,0073. < 0,73 17,6 ———— (0,7; 0,06) (16,6; 17,67) —o—
’ < (0,0073—-0,05) ' D, o0 ' n,mbe;) 056
for D =0,04 M
; tube ’ - o, | ;8
3 » 83 0. 005—0.015 0,058—0,222 85,6 D 0.8m (0,05; 0,02) (8589), ——
4 ‘ » 31,2 0,0156—0,034 0,922—0,0087 600 Dp 0,830 (0,03; 0.008) (165'2);m
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COLUMN WITH GRANULATED CATALYST UPCN THE LINEAR VELOOITY -
OF THE GAS STREAM OBSERVED IM THIS WORK. 1
elr inlet to the column; 2 = Ap at the middle of the -
colunn; 3 ~ average values of Ap; 4 ~ Ap at the exit

from the column; 5

- Ap at the

- Ap according to Zhavoronkov; 6 = ap

according to Chilton and Colburn; 7 - Ap according to -
Chilton and Colburn, assuming the average diameter’ uof,the
particles to be equal to the cubic root of three

dimensions,

TABLE 3. EFVECT OF TH AVNRAGE GRATN SIZE OF THE CATALYST (D ) AV THE DIAMETER OF THE
CONTACT COLUMY (Dy4,) ON THE VALUE OF K 1IN BQUATION P/46/
. . ST W""I’r;iﬁémo'fmkmi;w:ségﬂ_i‘ggm i
’ from D
Interval of Interval of values I
values of Interval of values of @.n m.)of Diype for ‘[From D_ of the Extreme values Dy, Values of K
No, Flow Dtube/Dp D, for known Dibe . m, D, = 0.0073 m, gntiz‘-e Pnterval giz:;’ rg:{ the corresponding to them
for Dy e =07 u . 1
1 turbulent > 470 < 0,0015 > 3,43 3D P 0,085 ()] (2,64; 2,97) Dy e 0104
2 » 47077 - 0,0015—0,009 3,43—0,562 2,11 D 00 (3; 0,8 (2,22; 2,12) Dtube"—""
1 , 1
3 R 77—25 0,009—0,0028 0,562—0,182 1,38 m 0,5; 0,2) (1,35; 1,33) L Lot
1 . 1
4 » 212 [, 0,Q28-0,0583 0,182—0,087 LIs g, e (0.15; 0.09) (055 1085 o
—Las Do 226 04 u 1
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l1-4p

at the

alr inlet to the column; 2 = ap at the middle of the
column; 3 - average values of Ap; 4 - Ap at the exit
from the column; 5 = Ap according to Zhavoronkov; 6 = Ap
according to Chilton end Colburn; 7 - Ap according teo
Chilton and Colburn, assuming the average diametexr -of.the
particles to be equal to the cubic root of three

dimenaions.
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CONTACT GOLUMN (Diy,e) ON THE VALUE OF K 1IN EQUATION P/46/
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i 1
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