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Statement of Problem: One of the essential parts of an industrial,
moving-bed heat exchanger is a mechanism to elevate ceramic
pellets from the bottom of the unit and return them to the system,
thereby completing the cycle., A gas lift for transporting 3/8-inch
diameter pellets in a large scale unit was proposed as an improve-
ment over a bucket type elevator formerly used. Investment, main-
tenance and operating costs should be less for the gas 1lift than
for the bucket hoist,

Method of Procedure: A 3-inch air lift was operated for a series of
test runs in order to obtain design data for an industrial instal-
lation, A correlation was obtained which permitted extrapolation
to larger pipes and greater rates of pellet flow,

Findings and Conclusions: The data obtained at lift-air temperatures up
to 1000°F were in satisfactory agreement with published correlations
of the terminal velocities of spheres in air, Approximately
four-fifths of the total pressure drop was accounted for by known
"heads", The remaining 20 per cent of the observed loss was attri-
buted to pellet acceleration and pellet friction losses. A correla-
tion of the experimental data indicated that 2245 SCFM of air de-
livered at 3.1 psig pressure and 1000°F temperature to the base of
a 10-inch 1lift pipe would satisfactorily lift the 3/8-inch diameter
pellets at rates of up to 90,000 pounds per hour., Since start-up
conditions require up to 50 per cent increase in the air volume,
the use of steam is suggested to supplement the air flow at lower
temperatures., Additional pressure at the blower discharge would
be necessary to allow for pressure drop through the burner, control
valves and auxillary piping. A reduction in blower investment may
be realized if superheated steam is used as all or a part of the
lifting medium at operating temperatures., A choice between the
steam and the air 1lift will depend on the comparison between the
blower investment and the cost of steam at the plant installation
and on alleviation of operating difficulties associated with water
from condensed steam in the 1lift pipe. Stable operation can be
achieved if the pellets are transported from four to five feet
above the upper end of the lift pipe before they are allowed to
fall into the return duct which carries them to the heat exchange
unit., The pellet flow rate can be ascertained by measurements of
the differential pressure across the top section of the 1lift pipe.
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PREFACE

In connection with his professional employment, the writer was
asked to investigate the development of a correlation which would ellaw
extrapolation of semi-works scale gas-lift data to industrial size,.

As a result of this investigation a gas-lift was designed to elevate
ceramic pellets in a large sca}e installation to complete the cycle
of a moving-bed heat exchanger,. ?his thesis reports the development
of the aforementioned correlation,

The writer wishes to express his appreciation to the members of the
Chemical Engineering Division of the Research and Development Department
of Phillips Petroleum Company in Bartlesville, Oklahoma for their help-
ful advice and assistance and for their willingness to a}low the data
contained herein to be used as the basis for this thesis. The writer
also wishes to express his appreeiation-te the staff of the Chemical
Engineering Department of Oklahoma Agriculturel and Mechanical College

for their excellent advice in the critical reading of this thesis.
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I. INTRODUCTION

One of the essential parts of‘an_indugtrialvmovingubed heat ex=-
changer is a mechanism used to elevgpewpgramigdpe;lgtsufpom'bhe bottom ‘
of the unit and returnuﬁhe@ to thg»gystgq,_ppe;gbymgqmpleting the cycle,
4 gas 1ift for transporting 3/8-inch dianster pellets in a large scale
unituwas proposed as an improvement‘pyepvg‘§u¢k¢tmtype elevator formerly
used, Investment, maintenancexapd ppg:aping costs for the gas 1ift
should be less than for the bucket”hqist,‘_‘v

A 3~inch_diameterﬂ§ir‘lift w§sM9p§pa§ed for a series of test runs
in order to obtain design_datgffor gpiindustrﬁgl,ipstallation. These
data werelexamined.with.rgspect.tpApub}ighed data ogwthe transport of
spheres in various fluids. A sumation of all the calculable energy
heads was ccmpareg.with‘th§ tpt§1”obsgry9q\prgsqure drop at various
pellet flov rates, From the resulting correlation, the design specifi-

cations for an air lift for a large scale installation were estimated,



II. EXPERIMENTAL PROCEDURE

A series of test runs was made to obtain data on elevating 3/8-inch
ceramic pellets‘uging air in a 3-=inch diameter by 4l.5-foot high insul-
atéd carrier pipe. Figure 1 is a diagramatic sketch of the apparatus
used, Lift air was supplied to the bottqm‘of‘the‘pipe at controlled
temperatures from 133°F tp lo;ooFy‘Jqumgasuremgnt of_ﬁhe air temperature
at the top of the lift piﬁe was thained, Pellets were supplied tg the
vertical carrier at rates ranging frqm‘lQO tQUBQQQHpqupQS per hour; The
higher pellet rate was ngtvlimited"py the_;ift_}ine capacity but rather
by the capacity of the pellet‘féeding;meqhanismov»Liftmair was prgvented
from flowing into the pellet,supply.system‘by>ais¢aling mechanism, During
normal operation of a gas lift, the air temperature would be controlled
to approximate the pelletmtempgrature,M‘Thgvgxperimental data presented
herein were'obtained.with the pellets entgring the lift at atmospheric
temperature. The comparatively cool pellets removéd same of the heat from
the air and, consequently,”estimated yalues of fluidrrequirements fqr aﬁ
industrial installation, based on these data would be spmewhét high.

,A pellet disengaging sect?qn was ;pcated at the top of phe air 1lift
pipe. This vessel was 20 inches in diamgter and 8 feet high. As the
air issued from t@e carrier.pipg.it_gxpan@g@ intq this‘larger diameter
vessel, thereby losing muchmof.i§§"v§lq;itye The pgllets, no longer
being carried by the lifting velqgity»gfﬂthe air; fell to the bottom of
the disengaging section from which they flowed back to the heat exchange
unit,

At each of the”temperatgrgncondit?ogs? data, were gbtained at
"maximum! "normal"“andnﬁminimumﬂ%a;r f%qw,»vThe>ﬁmax%mum"_air flow

was defined as the gquantity of air at 1lift temperature which would
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transport the pellets up the lifthipe and to within a short distance of
the top of the disengaging«vessel? _?hig gugpti@y of air was determined
by transporting pellets with an oversupply of air and then slowly reduc-
ing the hot air flow.until the'majqrity oflthg pellets no longer hit the
top of the disengaging section,_v;t was estimated‘that the average dis=
tance travelled by the pellets‘past_thg topvof the carrier pipe, under
these conditions, was about seven. feet. Thg "minimum" air flow was de-
fined as the gquantity of air:at liftutemperaturevwhich just barely trans=
ported all of the pellets over the top of the lift pipe. To determine the
"minimum" air flow, more than sufficient air to 1ift all of the pellets
was supplied. This air flow was gradually»reduced‘until plugging of the
lift pipe indicated,insufficient air was ava.ilable°

"Normal" operation carried the pelleps,into the disengaging chamber
at velocities between the."maximum" and ﬁminimum" extremes, At "normal"
and "minimum" air rates; thelﬁerpiqalitravel of the pellets beyond the
top of the air 1ift pipe wasvapprqximately four fegt and two feet respect-
ively, before the pellets.fell‘frgm thg air stream. Accurate measurements
of pellet travel into the disengaging chamber could not be made because of
the construction of the vessel.

The total pressure drop across thevhl°5ffobt air-1ift pipe was read
from a water manometer which waslconn¢c§ed Just below the duct which
carried the pellets to the carriep pipe° ‘Sipge pheldisengaging chamber
at the top of the air lift was open to tbe atmosphere, the pressure drop
through the pipe was essentially equal to the static pressureat the

bottom of the pipe.



ITT. FACTORS INFLUENCING GASQLIFT PERFORMANCE.

The basic data needed for the design of a gas 1ift are the gas flow
rate required for transpert and the anticipated.pressure drop, These two
parameters are defined when the pilpe si;e, the ve%pgities of the gas and
of the solid, and the. physical properties of the gas and of the solid are
determined,

When the fluid velocity through'the pipe exceeds the terminal veloc=
ity of the particles; the.particlesvtgke on a motion relative to the pipe
in the direction of the.flowing fluid? The terminal velocity is some=
times defined as the gas velocity necessary to suspend a particle at zero
net velocitj; The difference between the fluid velocity and the net pellet
velocity ié equal to the terminal velocity of the air., In equation forms

Vg =V, -V, (1)
wheres

Vt is the termingl”velocity of air necessary to freely suspend the

particles

V, is the true air velocity at»flowing temperature

Vp is the pellet velopityfunder steady state conditions

The pellet velocities, Vpg in the }ift will.vary at different levels
in the pipe. At the bottom of the lift,"the‘pellets will be‘undergoing
acceleration and the hulk density'at this“level will be high, Near the
upper end of the carrier pipgja‘§te§dy state will exist where the ratio
of pellet velocit& to.fluiqrve;oqityuwil; bg‘gsseptially constant, An
estimate of the pellet velgcity in this steady-state section of the lift
may be obtained from the average d%stancentheﬂpe}lets travel after leav-
ing the 1lift pipe,.sinpe:at;phatvp9int their energy will be‘spent onlymh;

in overcoming the force of gravity. Mathematically this may be expresseds .



wheres
g is the acceleration due to gravity
S is the vertical dlstance travelled by the pellets after leaving the
effect of the 1lift air - .
The bulk density of the pellets in ﬁhe stga@ywsyate section is a function
of the pellet velocity, pellet flow rate and the cross-sectional area of
the pipe, 7

W
P, = b (3)

wheres

f; is the bulk densityfof the pe}letg_in’thg pipse

Wﬁ is the weight of pellets“being eleya@e@ per unit time

4 is the cross-sectional area of the pipe,
This bulk density term is requirqd to determine the true gas velocity
at the flowing conditions since 1t is a measure of t the reduction in the
cross-sectional area of the pipe due to the pelletso‘ The expression,

(1~ fﬂy/l° ), indicates the proportlon of the pipe area, A, which is free

space, The true gas wvelocity is, therefore:

(4)

- Qq
R v vy

where: | N - ‘

Q, is the volume. of fluld per unit time atrflqwing‘temperature

fg is the density. of the individua; pellets based on the weight of

a8 unit vqlume of the material of composition
Examination of Equation (3) indicates the possibility of estimating the
pellet velocity.(i,e,,”kigeyic.ege;gy)hgpnégglsgqpéon of the 1ift by
measuring the bulk density in thé various sections." ‘
' The total energy loss in transportlng the pellets through the lift

pipe may be measured 1n terms. of. pressure drop as the sum of the



contributing "heads" against which the work is done.
APy = AP, + APé * APV§ * APPél * APAéc (5)
wheres - 7 o
APy is the total pressure drop in the gas lift
llPa is the pressure drop due to air friction on the wall of the
carrier pipe v

Z&Pé is the pressure drop due to the head of pellets in the gas 1lift

OPy,

B is the pressure drop due to the velocity (i.e., kinetic energy)

of the pellets at the top of thevlift pipe
Z&EPel is the pressure drop due.tovpellet friction on pellets and
on the wéll of thevliftvpipev ‘
Z&Phcc is the pressure drop lost‘to aqcelerationvof the pellets
The pressure drop due.to,thevfrigtion‘of thg air on the walls of the
carrier pipe may be evaluated from the Fanning equations
P 1v 2
Ar, = T

(6)

wheres o
Pa is the density of the fluid
f is the friction factor
H is the length of the air 1ift pipe

ge is a constant for dimensional conversion = 32,17 ft 1lb mass/lb

force sec2

D is the diameter of the carrier pipe
The loss required to support the column of pellets in the pipe is:
AP, = RH 7
The additional energy required to_give thg pellets their exit velocity
is a function of the kinetic_engrgy_qf”the pellets at the top of the
lift, The pressure drop qecessary“towgive the pellet;kﬁpis amount of

energy can be evaluated by the relation:



0
APvp" ‘b(vp /2g) ‘ : . . (8)

The pellet friction loss, A Ppel,.and‘the_acceleration loss,
ZS‘PAcc’ are complei terms, the total of whieh is best determined by
difference. In a detailed set of data the two terms may be subdivided by
obtaining pressure readings and pellet densititieg‘iﬁ”both the steady-state
section and the‘acceleratiqn‘sectionvo:vthe 1;ft pipe. In the analyeis

herein reported the two terms were grouped together,



IV.. CORRELATION OF DATA

In the correlation of the experimental data obtained for this work
the following quantities remain constaptg

D - diameter of the lift pipe = 0.256vft _

A~ crossesectional.aréa of the 1ift pipe -~ 0,0513 ft2

H « height of the liftléipe'- 41,5 £t

:.Dsu average pellet diameter - 0,0313 ft

) - density of air at 60°F and 1 Atm - 90‘07.63 1v/rt3

f:— density of the individual pgllqts based onlthe weight of a unit
volume of the materiel of composition - 249.0 1b/ft3

ge~ constant. for dimensional conversion - 32,17 ft 1b mass/lb
force se§2

The experimentalhdata”obtainedvduring,the,course of this study appear
in the appendix as Table I, Experimental Data on 3-Inch Air Lift For
3/8-Inch Diameter Pellets, . These data include the 1ift air temperature,
the air flow at lift. temperature,. the pellet‘rldw and the total pressure
drop as well. as. the. estimated vertical distance the pellets travelled
into the. die,engag:l.ng,' gection before their upward motion was overcome by
the force of gravity. |

Teble II, Estimation of Pressure Heads For 3-Inch Air Iift, is a tab-
wlation of the eetigatedmpreggurg.ﬂheaés" for the 3-inch air 1ift cal-
culated from the‘exps;imental,gata...Thefdigqussipn which follows describes
the evaluation of the. various terms which appear in the table, Data point

(1) will be used for example purposes,
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For the three conditions“of.pellet_flowg namely, “maximum"; "normal"
and "minimum", it was estimated that the pellets continued their vertical
rise éeven,.four and two feet respectively after leaving the carrier pipe,
Substituting in Equation (2) for data point (1) the average pellet veloc-

ity was:s

o _vb. =\2 X 32.2 x 7 = 2L.3 ft/sec
. The bulk density of the pellets, fzw was obtained by substitution
in Equation (3).. For data point (1):

= 1250 - =,0,318 1b/rt3
o 0.0513 % 21.3 = 3600

To calculate the veloeity of the air; V., substitution in Equation

a
(4) for data point (1) yieldeds

B | R 555'~ e = 180,5 ft/sec
.2 0,0513 (1 - 0.318/249) 60 :
Data were obtained on the flow of air through the three-=inch pipe
~at different temperature levels without,pellét flow in order to determine
VAN Pa’ the pressure drop due to .the friction of the air on the walls of the
carrier pipe,  Table III, Calculation of Z&Pa Wiih No Pellet Flow, presents
the data obtained and a listing of the calculated values., In Equation (6)
fv )
AP :é——éf.ﬂ._.
- a 2gcD

The value of /‘L is

0,0763 x 520 _ 39.7
TR . TR

From data point (46)

Y = 39" = . -1b 3

£, 27eL = 0,0282 1b/tt

Similarly:

v, = % = %
0.0513 x 60 3,08

For data point (46)

L e
v, - %?65 = 169.4 ft/sec



The friection factor is here defined as:

2gcDAP - ‘
f= -&——%P . | (9)

where:

f is the friction factor or drag coefficient

D is the pipe diameter in feet

AP is the pressure drop in 1b/ft?
In order to simplify the friction factor with known quantities
let:

Qg = £t3/min

4;9 = pressure drop in inches of water

T, = temperature of the air feed in degrees Rankine

then: _ |
« A ?:é.l:-_., '
AP = A, 5ty = 51980 B
v L Qb
‘a " 60 111)4
v 2 9 %16
& 360017’ “ph
Substituting in Equation (9), \
b T
£ = (2) (32.17)(0:256) (5. 198&)@¢; ) (3600)(:”' )(0,256) T,
| (Q,°)(16) 41 5 39.7
OZ‘.S ‘
T = 0,498 ._.sz.%PTa

a
For data point (46):

£ = 0,498 %?—91 - oe012+z

Substituticn of the new.known values for.data point (hé) in FEquation (6)

(0.262)(0:0142) (16943241, 5) . .
QF, & == - (2)(32, 17)(0 256) 7 in. HZO

The above calculation was. carried out for data points. (hé) through
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(83) as shown in Table III, As indicated by the dividing lines in the
table, sets of data were obtained atvthree temperature levels to corres-
pond roughly with the temperature levels used for obtaining data with
pellet flow,

Figure 2 is a plet of the data in Table ITI and shows the préssure
drop due to friction of air on the walls of the carrier pipe at various
air flow rates for the three temperature levels,

The values of A P, for the data obtained with flowing pellets, as
indicated in Table II were obtained from Figure 2, For data point (l)
where Q, = 555 at T, = 935¢ |

Z&Pa = 5,70 in, H,0 7
The values of AP, were obtained by substitution in Equation (7).

for data point (1)

. £0.318)(£1.5)(27.7)
APe = 20

= 2,50 in, Hy0

The pressure drop due to the velocity of the pellets, APVP, was

obtained by substitution.in Equation (8). On data point (1):

s 2
Ary (0,318)(21.3)" (27.7)

p (2)(32.2) (k)

= 0.43 in. H,0

A summation of the calculated pressure '"heads" for data point (1)

is then found to be:

AP, + AP, 4nstw£ = 5,70 + 2,50 + 0.43 = 8,63 in, H,0

As previously discussed, the pellet friction loss, APPel” and the
acceleration loss, APAc s Were obtained by difference. From Equation
(5) we have for data point (1):

12,0 = 8,63 + A.Pp;]_ + APy,

APP.él * A?Acc = 3.37 in. Ha0
The foregoing term.also. includes any errors in calculation,.in original

data or in estimation. of. the distance the pellets travelled after leaving
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the 1lift pipe.

Because the pellet velocities were not determined exactly, little
correlation was obtained between the per,cent‘pressure drop unaccounted
for and the pellet.flow rate. An average of about 80 per cent of the
energy requirements was attributed to known "heads". For design purpeses,
therefore, a factor. of 1.25 will account for the losses to pellet accelera-
tion and pellet friction.. The percentage of the energy lost to these twoe
factors should be. little different in the prétotype of the experimental
air 1lift if the pellet density in the designed carrier does not exceed
that reported in these data.

The estimated terminal velocities of the pellets in air are presented
in Table IV, Terminal Velocity of B/BfIhéh Pellets in Air, and were cal-
culated from.EQuati@ns (2)9‘(3), (&) aﬁd (1. For data point (1)s

A =y/(2)(32.2)(7) = 21.3 ft/sec

Pow_ (12500 -~ - 3
® * oo 3300 T O+ T/

Ve w555
® 7 (0,0513)(1 - 0,318/249)(60)

= 180,5 ft/sec

Vy = 180,5 = 21.3 = 159.2 ft/see
Figure 3 is.a plot of the ealeplated‘terminal velocities of the pel=
lets in air versus the flowing air temperatureg The data of Waddell as
calculated for similar pellets in air are superimposed upon the same fig-
ure, No attempt was made to draw a curve through the experimental data
points since several.points were obtained at only three temperature levels,
Although the experimental data.points do not duplicate the curve caleu~

lated from published data, the agreement is considered satisfactory since

., waddel..“Journa%;gf,the,Ffanklin Institute, 217 (1934) p. 459
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the terminal velocities: calculated,‘from the data obtained were based on
the estimated average distances travelled by the pellets above the car-
‘rier pipe. The e‘.gne‘eme.nt.,.is‘, sufficlent to confirm the more exact data
of Waddel, |

The data of Waddel -appeared as.a plot of the Reynblds number versus

the friction factor for. spheres, .Fi"gure.‘h_:ihs a reproduction of the pdr- ‘

tion of the curve which is.applicable to the conditions encountered in
this study.

The Reynolds number is defined as

Re - m (10)

wheres
Re is the Reynolds number
‘Dg 1s the average dismeter of t.lul‘e pellets
Na is the viscosity of the fluid

The form of the frietion factor used here is:
e ‘.‘(ﬂa.;’o a)gDg (11)
BVt P a

wheres
© fp is the friction factor |

Since the terminal velocity term, Vi, appears in both parameters
it was necessary to cambine the two 'pé.raineters to form a new dimension-
less factor, R; in such a way as to eliminate the velocity term, By
definitions - | |

R = Re*fy (12)

wheres |

R is a new dimensionless nmppgr

Substitution in Equation (12) gives:
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(0, WP, °y [ mp, P)gDs]
./” BVflf:a
DL Py - Py
//a

Since the density of the fluid is very small compared with the

R = (13)

ns
\.:N-*

density of the solid it was assumed in this study that:
/os °/6)a"/‘>; | (lh)
For the pellets used in this study:
Dg = 0,0313 ft
£, = 29,0 1v/£t |
then substituting in Equation (13) gnd (14)s

ore

.213:‘;105)/& ()
a

/0 is the viscosity in centlpoises

wheres

A plot of the Reynolds number versus the new dimen51onless number,
R, is presented as Figure 5 and was obtained frém the data listed in |
Table V; Caleulation ovaimensionlaas;Number R From Figure 4. For example,
using Equation (12), for the first point listeds

| R = (1 x 2092(0u4) = beb x 105

Since R 1s a fungtigg‘gfg‘za and,lla, it is also & function of £emp-
erature, A temperature scale was therefore superimposed on Figure 5,
To locate the'temp@raﬁurg‘ggalefit was necessary to ealéulate values of
B.at various(tamparatur@mlevelsg . The viscosity was obtained from an

alignment chart.in"Perry;; .Laleulation of the foregoing relationship

lJ° Perry. Chemical Engineera.Handbook, 2nd Ed., (1941) p. 791
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appears in Table VI, Calculation of Dimensionless Number R From Equation
(15), For example: |

at 100°F £, = 7,08 x 1072 1b/ft3
Moo= 187 x 10™2 centipoises

then:

,08 x 10™2
1,87 x 10m<)?
The exaet data of Waddell.could then be_applied to caleculate the

R = (2,18 x 10°) ¢ - 8,26 x 107
terminal velocity, Vi, at various temperatures. The straight line shown
on Figure 3 represents.this plet. Values of V, were calculated from the
Reynolds numbers .obtained at.various temperatures from Figure 5. For ex-
ample at 100°F: |

Re = 1,35 x 10%

thens ‘ 2
1,35 x 104 = (0-0313)V4(7.08 x 107°)
(0.672 x 10‘3)(1,37 x 10“2)

ors
Vi = 75.2 ft/sec
Values obtained at.the several other temperature plotted appear in

Table VII, Terminal Velocity of 3/8-Inch Pellets in Air,

l ) .
Waddel, p. 459.



V. PROPOSED DESIGN FOR INDUSTRIAL INSTALLATION

The calculation of a design of an air lift for an industrial instal=-
lation follows. This design was based on a 10-inch, Schedule 40, steel
pipe, 90-feet long. An 8-foot high disengaging chamber at the top of
the carrier pipe was proposed, and velocities sufficient to transport
the pellets four and three-~fourths feet into the disengaging chamber would
be used. The maximum lift-air temperature was assumed to be 1000°F, The
maximum pellet flow rate was assumed to be 90,000 pounds per hour,

The pellet velocity in the steady-state section of the pipe by Equa-

tion (2) is:

Vp =V/(2)(32.2)(4.75) = 17.5 ft/sec
The bulk density of the pellets in the carrier pipe is within the range of
densities covered by the experimental data; from Equation (3):
P = Tmm T STy T 260 /e
The required air rate may be calculated from Equations (1) and (4) by
using the terminal velocity correlation shown as the straight line on
Figure 3:
V, = 174.0 + 17.5 = 191.5 ft/sec
Qg = 191.5(0.548) (1 - 2.60/249)(60) = 6300 CFM
The air-volume specification at standard conditions is:
6300(520/1460) = 2245 SCFM
The pressure at which the blower must deliver 2245 SCFM of air to
the bottom of the carrier pipe is calculated in a stepwise fashion from
Equation (5). A standard friction-factor chart is used to determine the
friction of the air on the walls of the pipe. Under these conditions,
by Equation (6):

21
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_ (0.0272)(0.0165)(191,5)%(90)(12)  (27.7) _ « 4 ;
Ar, = (2)(32.17)(10.02) () = 22 1 B0

From Equation (7):

= (2060)(90)4(-1-Zl 45,2 in, H

(L) 0

2
From Equation (8):

(2.60)(17.5)° (27.7) -
A o Ten ) N crry B

Accounting for the acceleration and pellet friction loss by a factor of
1,25, the total calculated pressure drop from Equation (5) is:
APy = (5.3 + 45,2 + 2.4)(1.25) = 66.2 in, H,0

AP, = g;?—% = 2, 39 psig
If a factor of safety of 1031ls.used,rthe operating pressure at the bottom
of the 1ift pipe should be about 3.1 psigob |

Similar calculations were made for several different diameter 1lift
pipes at different pellet flow rates and air temperatures. The require-
ments at the different conditions are summarized in Table VIII, Require-
ments For Industrial Air Lift Installations.

Since the upper limit of pellet flow was 90,000 pounds per hour, a
12-inch carrier pipe was .found to be unnecessary, A 6ninch 1lift pipe
would require higher flowing pellet densities than found practical in
these data, The 10=inch carrierrpipe.is the most satisfactory for pellet
flow rates upwto.90,000“poundsmper.houroqufrstarteup temperatures were
about 100°F, approximately. 3400 SCFM of air would be required. At operat-
ing temperatures,. the. flow requirements would be decreased to about
2200 SCFM, Because of the wide difference between the air requirements.
ét 100°F and at.lOOO?E, it wouldfbemprefergble to use steam as a supple-

mentary 1ift gas at. the lower temperatures,
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A gas 1ift for the same industrial installation discussed in the
foregoing paragraphs can be operated with steam as the iift fluid and
with a smaller amount of air and fuel used for superheating the steam,
The design of a steam 1ift can be caleulated from the gnalytical expreg-
sions previously discuesed with the use of & terminal veloeity curve for
steam which could be caleulated in & manner similar to that used to pre-
- pare Figure 3. An exact sclution would be obtained only by trial and
error sinéé’ﬁhe'éir“énd.fuel,necessary to. superheat the steam would alter
the physical properties of the 1lift medium, The indicated advantage of the
steam 1ift over the air lift is the substantial reduction in the cost of
the blower which would be achieved with the steam 1ift. A choice between
the steam and the .air lift would depend on the comparison between the
blower investment and the cost of steam at the plant installation and on
alleviation of operating difficulties associated with water from condensed
steam in the carrier pipe.. A . complete evaluation of the use of superheated

steam as the lifting medium is beyond the scope of this thesis,



VI. OPERATION AND CALIBRATION OF INDUSTRIAL AIR LIFT

Stable operation of the experimental 3-inch air 1lift was obtained when
slightly higher than "minimum" air and pellet exit velocities were maine
tained, The following tabulation indicates the significance of slightly
higher pellet velocities. The data presented were taken from Tables I

and II.

Air Flow Temp, Pellet Flowing Pressure

Description (CFM) (°F Flow  Pellet Drop
(1b/hr) Density (in, Hx0)

| (1b7243)

"Maxd mum" 739 1010 7000 1.78 27.8

"Normal® 677 1000 7000 2,38 28,6

"Minimum" 654 1010 7000 3.87 31.5

At the "maximum" air flow rate the value of the flowing pellet
density decreased to less than one-half the density calculated at the
"minimum" air flow rate and a concurrent decrease in the pressure drop
was experimentally noted, It was found that a pellet density of 3.87
pounds per cubic foot would not plug the carrier pipe, however, opera-
tion with this high density was unsteady and should not be practiced,

For the reasons stated, the recommended minimum height of the pellet
disengaging section for the proposed 1lift was eight feet, The diameter
should be sufficient to reduce the air velocity below the terminal veloc-
ity at the operating temperature, A two to four-foot diameter chamber
would satisfy this requirement,

The pellet flow rate can be ascertained by means of a differential-
pressure recorder with leads attached across the top section of the lift
pipe. Since the pellet flow in the upper section of the carrier pipe
should be in a steady-state condition, losses due to pellet acceleration
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would be negligible, By assuming, for example, six per cent of the total
pressure~drop as loss to pellet frictions, the equations outlined in
Chapter III of this thesis could be used to calculate the pellet flow rate

at any pressure drop. These following equationsa:

APT = AP& + AP' + Apv + APPOI + APACC (5)
APPQ]. + APACO = 0,06 APT (Wd)
ARy = P77 1 (7)
Apvp - Pb(vp2/28) (8)

Lo = W/AT (3)
can be combined as follows:
APy = AP, + PH + P, (V,2/28) + 0,06 APy
0.9 APy AP, = (i + V 2/2)
2
0.9k APy = AP, = (W/AV )(H + V /2g)
rearranging:

w - ﬁV (oegh APT_— AP&_) ' (16)
P8 (H + '.’pz/Zg)

Figure 6 presents one calibration curve estimated from equation (16),
This curve was calculated for the anticipated pressure drop across the top
20-feet of the 1l0-inch air lift pipe. The exit pellet velocity of 17.5
feet per second and the air flow at 1000°F of 2245 SCFM were determined by
the design conditions previously stated. Table IX, Estimated Calibration
For 10=Inch Industrial Air Lift, contains the calculated pellet flow rates
at several pressure-drop readings across the top 20 feet of carrier pipe,
These data are plotted on Figure 6.

For the é~inch pressure drop:

QP = 5.3 in, Hy0

Substituting in Equation (16) and using the proper conversion factors:

0.548)(17.5)(3600)/0.94 x 6 - 5.3 x (20/90)7 (14L)
w - S—M—i)—(——)ﬂl—%—z . - 2 ’000 1‘b
P EO +* (17.5 /&oh)] 2707 5 /hr
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Since the air flow rate will.vary:in.eperation_onky‘with variations
in temperature, a set of similar curves}at lOOmdegree increments of temp~
erature should complete the calibration, The sensitivity of the calibra-
_tion_depicted in Figure 6 is approximately 5250 pounds of pellets per
inch-of-water differential pressure, This sensitivity can be increased to
about 2400 pounds per inch-of-water, for example, by increasing the dis-
tance between the pressure taps from ZQ feet to 40 feet,

Equation. (9) and Figure 6 indicate the controlling factors in the
use. of a differentialppressure.recorder.to indicate the pellet flow rate.
An actual calibration by a sample-weighing procedure should be conducted
after installation of the proposed 1lift, and the results should be com-

pared with the predicted behavior,



VII.  SUMMARY AND CONCLUSIONS

One of the essential parts of an industriale moving bed, heat ex-
changer is a mechanism to elevate ceramic pellets from the bottom of the
unit and return them to the system, thereby completing the cyele, A gas
1ift for transporting 3/8=inch diaﬁeter pellets in a large scale unit was
proposed as an improvement over a bucket type elevator formerly used, In-
vestment maintenancé'anleperating costs for the gas 1ift should be less
than for the bucket hoist,

A 3-inch air 1ift was,operatedﬂfor.asseries of test runs in order to
obtain design data for a large scale installation., A correlation was
obtained which“permitted extrapolation to larger pipes and greater rates
of pellet flow,"

The data obtained at. lifteair temperatures up to 1000°F were in
satisfactory agreement with published correlations of the terminal veloci-
ties of spheres.in‘aifo -Approximately four-fifths of the total pressure
drop was accounted for by knéwn "heads". The remaining 20 per cent of the
observed loss was attributed to pellet acceleration and pellet friction
losses.,

A correlation of the experimental data indicated that 2245 SCFM of
air delivered at 3.1 psig pressure and 1000°F temperature to the base of
a 10-inch 1ift pipe would satisfactorily 1ift the 3/8-inch diameter pel-
lets at rates of up to 90,000 pounds per hour., Since start-up conditions
require up to 50 per cent increase in the air volume; the use of steam
is suggested to supplement the air flow at lower temperatures, Addition=—
al pressure at the blower discharge would be necessary to allow for pres-

sure drop through the burner, control valves and auxiliary piping.

28



A reducﬁidﬁiin»blower‘investment_may be rea}iﬁed if superheated
steam is used as all or part of the lifting medium at operating temp-
eraturés° A choice between the steam and the”air lift will depend on
the comparison between the blower investment and the cost of steam at
the plant installation and on alleviation of operating difficulties
associated with“ﬁater from condensed steam in the 1ift pipe.

‘Stable operation can be achieved if the pellets are transporte&i
four to five feet above the upper end of the 1lift pipe before they are
allowed to fall into the Teturn duct which carries'fhem to the heat ex-
change unit, The pellet“fiow”raté,can be ascertained by measuremnent s

of the differential pressure across the top section of the 1ift pipe.
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DEFINITIONS OF TERMS

Cross-sectional area of pipe
Diameter of the carrier pipe
Average pellet diameter
Friction factor

Friction factor

Acceleration due to gravity

Constant for dimensional conversion = 32,17 ft 1b mass/lb
force sec?

Length of the air 1lift pipe

Volume of fluid per unit time at flowing temperature

A new dimensionless number

Reynolds number

Vertical distance travelled by pellets after leaving the
effect of the lift air

Temperature of air feed in degree Rankine

Temperature of the air feed in degrees Fahrenheit

True air velocity at flowing temperature

Pellet velocity under steady state conditions

Terminal velocity of air necessary to freely suspend the
particles

Weight of pellets being elevated per unit time

Pressure drop in inches of water

Pressure drop in 1lb/ft?

Pressure drop due to air friction on the wall of the
carrier pipe

Pressure drop lost to acceleration of the pellets

Pressure drop due to pellet friction on pellets and on the
wall of the lift pipe

Pressure drop due to the head of pellets in the gas 1lift

Total pressure drop in the gas 1lift

Pressure drop due to the velocity of the pellets at the top
of the lift pipe

Viscosity of the fluid

Density of the fluid

Bulk density of the pellets in the pipe

Density of the individual pellets based on the weight of a
unit volume of the material of composition
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TABLE Ia

EXPERIMENTAL DATA ON 3-INCH AIR LIFT FCOR

3/8=-INCH DIAMETER PELLETS

("Maximum" Air Flow)

Data s (1) T Q W, AN
Point - Lift Kir Flow Pelfet Experimental
Air (CFM at Flow Pressure
.Temp Lift Temp) (1b/hr) Drop
(OF) . (in.,_ H20)
1 7 935 555 1250 12,0
2 7 900 605 2000 16.4
3 7. 855 615 3000 18,2
4 7 . 1000 683 4200 23,4
5 7 900 694 5500 25.4
6 7 1010 739 7000 27.8
7 7 470 470 - 120 T2
8 7 465 429 600 9.9
9 7 500. L6 1440 13.0
10 7 L60 460 2805 16,4
11 7 L60 L69 4200 20.8
12 7 560 L81 6000 31.7
13 7 565 : 526 8280 37.5
14 7 133 358 3240 21.0
15 7 142 357 4500 2545
16 7 150 357 6060 34,0
17 7 175 374 7260 38.4

(1) The distance, S, is the. estimated vertical distance the
pellets travelled into the disengaging section before
their upward mction was cvercome by the force of gravity.



TABLE Ib

EXPERIMENTAL DATA ON 3-INCH ATR LIFT FOR

3/8-INCH DIAMETER PELLETS

("Normal™ Air Flow)

O P

Data 5 (1) T Q W
Point Lift  Air Flow Pelfet Experimental
Air . (CFM at Flow. Pressure
Temp Lift Temp) (1b/hr) Drop
(°F) (ins H0)
18 L 940 533 . 1250 12,1
19 4 940 58l 2000 16.7
20 L 870 e 602 3000 17.7
21 4 990 6lyly 1,200 24,7
22 ) 980 676 5500 26,3
23 L . 1000 677 7000 28,6
2l 4 470 417 120 6.9
25 4 4,80 418 600 10.9
26 4 490 14,8 2800 20.9
27 L 495 432 440 13,5
28 L L75 4,50 4,200 21,0
29 L 560 481 6000 31.7
30 L. 560 522 8280 40,2

(1) The distance, S, is the estimated vertical distanhce the
pellets. travelled into the disengaging section before
their upward motion was overcome by the force of gravity.



TABLE Ic /
EXPERIMENTAL DATA ON 3-INCH AIR LIFT FOR

3/8-INCH DIAMETER PELLETS

("Minimun" Air Flow)

Data s (1) T Q, W Apq
Point Lift Air Flow Pelfet Experimental
Air (CFM at Flow Pressure
* Temp Lift Temp) (1b/hr) Drop

3l 2 950 515 1250 13,2

32 2 895 . 566 3000 19.6

33 2. 965 633 5500 28,0

34 2 1010 654 7000 31.5

35 2 460 388 120 8.9

36 2 480 407 600 11.0

37 2 500 4217 1440 15.6

38 2 490 439 2805 21,0

39 2 460 430 4200 23.7

4LO 2 555 4,68 6000 34.3

41 2 560 481 8280 42,6

42 2 133 338 3240 23.0

43 2 135 320 4500 . 38,0

L, 2 14l 332 6060 41,3

L5 2 160 360 7260 42,6

(1) The distance, S, is the estimated vertical distance the
pellets travelled into the disengaging section before
their upward motion was overcome by the force of gravity,



Data

Point (1b/ft3) (ft/sec) (1n.H 0) (in.H 20) (1n° gg) (+I$ﬁv8) (1n.H 0) AP o
1n, )

oW

18
19
20
21
22
23

31
32
33
34

TABLE Ila

ESTIMATION OF FRESSURE HEADS FOR 3-INGH AIR LIFT

Ay

(Eq. 3)

0.318

- 0,509

0.763
1,068
1.400

1.780

0,425
0,680
1,020
1.430
1.870
2,380

0.691
1.660
30 OLI—O
30'870

(855°F to 1010°F Lift Air Temperature)
(Experimental Data on Table I)

OFP

Va

D P,

(Eq. &)  (Fig. 2) (Eq. 7)

"Max1mnm" AMr Flow S =

180.5

196, 5
200.0
222,0

225,0

240.0

5.70
7.05
7.13
9.30
9.36
10.52

+ AP APT

(exp)

. 7 feet Vp = 21,3 ft/sec (Eq. 2)

2,50
.06
6.10
8. 53
11.20
14,20

0.43
0,69
1,04
lnhE
1,90
2,42

"Normal® Air Flow S = 4 feet Vp = 15,9

173.0
189.5
195.5
209.0

22000 .

220,0
"Minimuﬁ"
167.3
184.0
206,0
212,11

5.20
6,77
6.97

Tob2 .

8.90
8.91

Air Flow

Lo 52

S =

6,05 .
7.80.
8.32.

3.39
5643
8,14
11.41
14,90
19.00

5.51
13.24
24,20

30,90

0.32
0,51
0.77
1.08
1.42
1.80

0,19
0. 47
0,86
1.09

8a63 1200
11.80 16,4
14.27 18,2
19,28 23.4
22,46 25.4
27.14 27.8
ft/sec (Eq. 2)

8,91 12,1
12.71 16,7
15,88 17.7
19.91 24,7
25,22 + 26,3
29,71 28,6

2 feet V, = 9.8 ft/sec (Eq, 2)

10,22 13,2

19.76 19,6
32,86 28,0
40,31 31.5

36

{Ppey +

nono)
(by diff)

3.37
L4.60
3,93
4,12
2,94
0,66

(1) In these instances the calculated pressure drop exceeded the

experimental pressure drop,

Such a result indicates that the

pellets actually travelled farther than the distance, S which
was estimated,
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TABLE IIb
ESTIMATION OF PRESSURE HEADS FOR 3-INCH AIR LIFT

(L6OOF to 500°F Lift Air Temperature)
(Experimental Data on Table I)

lata Po Vs AP, APy AP AP+ AP, APp APpel +
‘oint  (1b/ft3) (ft/sec) (1n,H20) (1n.H 0) (in. gO) +¢k%v (1n. 30) lkPAcc
(exp

(qu 3) (qu l") (Flgoﬂz) (qu 7) (qu ) (1n° 20) 1n°H O
(by - dl%f)
"Maximum" Air Flow S = 7 feet v, = 21,3 ft/sec (Eq. 2)
7 0,031  148,0. 6.9 .. 0,2, 0,04 7.22 7. (1)
8 0.153 135,00 . 5,67 = 1,22 0,21 7,10 9.9 2,80
9 0.366  140.3 6,20 . 2.92 .0.50 9,62 13,0 3.38
0 0.7l 1446 = 6,60 . 5.70  0.95 13.25 16,4 3.15
1 1,070  147.5 6,90 . 8,53 1.45  16.88 20,8 3.92
2 1,530  151,3 7,10  12.20 2.07  21.37 31,7 10.33
3 2,110 1655 8,07 16,82 2,86  27.75 37.5 9.75
"Normal" Air Flow S = feet V = 15, 9 ft/sec (Eq. 2)
i 0,041  131,2 5,33 . 0,33 0.03 5,69 6.9 1.21
5 0.204  131,5 = 5,35 . 1,63 0.15 7.13 10.9 3.77
6 0.952 41,0 6.28 . 7,61 0,72 15,61 20,9 5,29
7 0,490  136.0 5,82 3.91 0,37 10,10 13.5 3.40
8 1.430 41,6 6,32 11,41 1,08 18,81 21,0 2,19
9 2,820  164.1 7.18 22,50 2,13 31,81 40,2 8.39
0 2,040  151,3 8,32 16,28 1,54, 26,14 31,7 5,56
"Minimu" Air Flow S = 2 feet V, = 9.8 ft/sec (Eq., 2)
5 0,066,  122,0 L.57 . 0.53 0,02 5,12 8,9 3,78
5 0.331 128.0 5,10 2,6 0,09 7.83 11,0 3,17
7 0.795  134.4 5.58 6.35 0,23 12,16 = 15,6 EAA
3 1,550  138,0 6.0, 12,38  0.44  18.86 21,0 2,14
7 2,320  135,2 575 18,50 0.66 24,91 23.7 (1)
) 3,310  147.1 6.8, 26,40 0,95 34.19 3k4e3 0.11
L 4,570  151,2 7.17 = 36.50 1,31  44.98 42,6 (1)

(1) In these instances the calculated pressure drop exceeded the
experimental pressure drop., Such a result indicates that the
pellets actually travelled farther than the distance, S, which
was estimated,
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TABLE IIc

ESTIMATION OF PRESSURE HEADS FCOR 3-INCH AJR LIFT

(133°F to 175°F Lift Air Temperature)
(Experimental Data on Table I)
ata /ob v

AP AP PAN P FAN I
oint (1b/ft3) (ft/sgc) (in, HZo) (in.HZo) (gtfvﬁ 0) +¢3P€SPS (iﬁéHTo) ZLPizﬁ
(. 3) (Ba. 4) (Fig. 2) (Ba. 7) (Ba. 8] (in, H,0)  (exP) (in. 1)
1

"Maximum" Air Flow S = 7 feet V, = 21.3 ft/sec (Eq. 2)

A 0.824 .. 112.5.  6.37 6.59 1,12 14.08 21,0 6.92
15 1140  112,3 . 6.35 .. 9.09 1.54 16,98 25,5 8,52
L6 1,50 112,3 .  6.,35 12,30 2,09 20.74 34,0 13,26
L7 1.850 117.6 6,85 14,76 2,51 24,12 38.4 14,28

"Minimum" Air Flow S = 2 feet TV, = 9.8 ft/sec (Eq. 2)

2 1,790 106.,2 . 5,77 14,30 0,51 20.58 23.0 . 2,42

W3 2,480  100.6 . 5,20 .19.80 0,71 25,71 38.0 12,29
Hh 3,350 104,2 .. 5,55 26,70 .0.96 33.21 41,3 8,09

4'5 l}o 010 11301 . 6005 32¢1O ...10 15 390 30 Z&206 . 30 30
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TABLE IIT

CALCULATION OF ZSPé WITH NO PELLET FLOW

Data T T Qa Ap V. /4
Point o oR CFM  inH,0 ftfsec  1b/ft3 t Ar,
at T ' at T

46 950 1410 550 643 169.4 0.0282 0.0142 5.7
L7 950 1410 . 572 6,8 176,2 0.0282 0,0142 6.2
48 94,0 1400 57¢ 7.1 178,0 0,028 0.0144 6.5
49 935 1395.. 576 .. 7.2 177.5 0.0285 0.0146 6.6
50 895 1355 590 745 181.5 0.0293 0,0145 6.8
51 950 1410. 621 ..8.0 191,5 0,0282 0.0145 7.3
52 870 1330. . 617 8,5 190,2 0.0298 0.0148 7.8
53 1000 1460 672 . 8.9 206, 5 0.0272 0.0143 8.1
S 940 . 1400 648 9.1. 199.5 0.0284 0.0151 8,3
55 855 1315 635 . 9.2 195.5 0.0302 0.0149 8,3
56 1010 1470 688 . 9.6 212,0 0.0270 0.0148 8.8
57 980 1440 679 9.7 209.0 0,0276 0.0151 8,3
58 980 1440 665 9.8 204, 5 0.0276 0.0159 8.9
59 1000 1460 . 728  10.8 224, 5 0,0272 0,0148 9.8
60 1000 1460 7 10.9 230.0 0.0272 0.0142  10.0
61 1000 1460 . 764 10.9 235,0 0.0272 0.0136 9,8
62 900 1360 . 741 11,0 228,2 0.0292 0.0136  10.1
63 1000 1460 717 11,0 221,0 0.0272 0.0155 10,0
A 460 920 395 5.9 121.,7 0.0432 . 0,0173 5.4
65 480 940 418 5,9 128,8 0.0422 0,0158 5.4
66 470 930 417 6.1 127.5 0.0427 0.0162 5.4
67 500 960 458 6ol 11,2 0.0413 0.0L46 5.8
68 465 925 433 6.5 133,3 0.0429 0,0165 6.1
69 495 955 443 6.5 136,2 0.0416 0,0157 5,9
70 490 950 458 6.9 41,2 0,0417 0.0155 6.3
71 500 960 457 7.0 141.0 0.0413 0.0160 a3
72 460 920 L48 7.2 137.0 0.0432 0.0164 6.5
73 470 930 473 . 7.2 145, 5 0,0427 0.0149 6.6
74 L60 920 K72 7.6 145.2 0.0432 0,0156 6.9
75 L75 935 476 . 7.6 146.5 00,0425 0.0156 7.0
76 460 920 Leg 8,2 150.2 0.0432 0.0157 7.5
77 133 593 247 o 76,0 0,0670 0.0179 .
78 133 593 275 . 8L.7 0,0670 0,0168 .
79 133 593 298 o 91.7 0,0670 0.0173 .

116,8 0.0670 0.0160
128.5 0,0670 0.0154



Data
Point

(855°F to 1010°F Lift Air Temperature)

Lift

Air
Temp
(°F)

TABLE IV

TERMINAL VELOCITY OF 3/8-INCH FELLETS IN AIR

v, v, v,
(ft/sec) (ft/sec) (ft/sec)
(Table II) (Bq, 2) (Eq. 1)

(Calculated From Experimental Data)

1
2
3
&
5
6

18
19
20
21
22

23

31
32
33
34

935
900
855
1000
900
1010

940
940
870
990
980

1000

950
895

965
1010

196.5
200,0
222.0
1225,0
240.0

173.0

189.5.

195.5
. 209,0
220,0
220,0

167,3
1810»00
206,0
212,1

21,3
21.3
21.3
21,3

O O N0 \O
L] L2 o

©

Data
Point

BN E OO0

159,2
175.2
178.7

203.7
218,7

157,1
173.6
179.6
193.1
204.1
204,1

157.5
174,23
196,2
202,3

Lift
Air
Temp

(°F)
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i Data Lift v v, ‘A
| Point Air (ft/sec) (£t/Bec) (£t/fec)
f Temp (Table II) (Eq. 2) (BEq. 1)
1 (°F) - v
L A
v (L6OCF to 565°F Lift Air Temperature)
. .
7 470 148.0 21,3 126,7
18 L65 135.0 21,3 113,7
t 9 500 140.3 21,3 119.0
t 10 460 k.6 21,3 123,3
111 460 147.5 21,3 126,2
112 560 151.3 21,3 130,0
13 565 165,5 21,3 14,2
[}
o2 470 131.2 15.9 115.3
25 480 131.5 15.9 115,6
126 490 141.0 15,9 125,1
vo27 495 136,0 15.9 120.1
28 475 1.6 15.9 125.7
b 29 560 164.1 15.9 148.2
t 30 560 151.3 15.9 135.4
1
'35 460 122,0 9.8 112,2
' 36 480 128,0 9.8 118,2
37 500 13h.4 9.8 12,6
138 490 138.,0 9,8 128,2
t 39 460 135.2 9.8 125,
toL0 555 147.1 9.8 137.3
'Ll 560 151,2 9,8 141,14
]
Va vV Vt
(ft/sec)  (£t/Sec) (ft/sec)
(Table II)* (Eq.2) (Eq, 1)

(133°F to 1759F Lift Air Temperature)

14
15
16
17

43
45

133
142
150
175

133
135
14
160

112.5
112,3
' 11203
117,6

106.2
100.6
104.2
113.1

21,3
21,3
21,3
21,3

9.8
9.8
9.8
908 1

91.2
91.0
91.0
96.3

96,4
90,8

Hyaly-

03.3



TABLE V

CALCULATION OF DIMENSTIONLESS

NUMBER R FROM FIGURE 4

Re 5 R
(Fig. 4) (Fig, 4) (Re?fp)
1x103  O.4h Lok x 100
2 x 103 0.40 1.6 x 106
5x105  0.40 1.0 x 107
1x1d+ 0.42 4.2 x 107
2 x 104 0.45 1.8 x 108
5 x 104 0.48 1.2 x 107

1 x 105 0.50 5.0 x 109
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TABLE VI
CALCULATION OF DIMENSIONLESS

NUMBER R FROM EQUATION (15)

T a /aa
(°F) (1b/rt3) (centipoises) R
100 7.08 x 1072 1.87 x 102 8.26 x 10!
200 6,02 x 102 2,10 x 1072 5,82 x 107
400 L.61 x 10™2 2,47 x 1072 L.12 x 107
600 3.7 x 1072 - 2,88 x 10=2 2,83 x 107
800 3,15 x 10~ 3.25 x 1072 2.11 x 10/
1000 2,72 x 10~2 3,60 x 10~2 1,65 x 107



TABLE VII

TERMINAL VELOCITY OF 3/8-INCH PELLETS IN ATR

(Calculated From Data of Waddel)

oT Re Vi

("F) (Fig. 5) (£t/sec)
100 1,35 x 10% 75,2
200 1,15 x 104 86,5
100 9,60 x 103 108.7
600 7,90 x 105 130, 8
800 6,90 x 103 152,5

1000 6,10 x 103 174,0



TABLE VIIT .

REQUIREMENTS FOR INDUSTRIAL AIR LIFT INSTALLATION

Pipe Pellet Lift = Flowing Calc Design Specifications
Size Rate Temp Pellet Pressure Air Delivery
(in) (1b/mr)} (°F) Densitg_ Drop Flow Pressure
(v/rt3)  (psig) (scFM) (psig)
10 90,000 1000 2,60 2,39 2245 3,11
10 60,000 1000 1.73 1,66 2245 2,16
10 30,000 1000 0.87 0.96 2245 1,25
10 60,000 500 1.73 1.63 2740 2,12
10 30,000 100  0.87 0.91 3410 1,19
8 90,000 1000 L.11 3.70 1390 L.81
8 60,000 1000 2.7 2,58 1390 3.36
g 30,000 1000 1,37 1.45 1390 - 1l.e8
8 60,000 500 2,74 2,55 1740 3.32
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TABLE IX
-ESTMTED_'QALIBRATIQN POR 10-INCH INDUSTRIAL AIR LIFIS

"= 1000°F
D = 0,835
A = 0,548 £t2
H = 20,0 £t
APy = 5,3 in, H30
Vp = 11.35 ft/sec (Eq. 2)

Pressure Drop W.
Over Top 20 Feet (lb/f?r)
App' (in, H0)

6 25,000

8 35,500
10 46,100
12 56,500
14 67,000
16 77,600
18 88,300

20 98, 800
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