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BARUETY 10 %A1y I. IHTRODUCTION

Eﬂ&q ‘ ” | EAmOIN : In general packed towers have been thowght of as the
AL o JasPemed edd Yo moliewdllah ﬁo&vqu 98 ay&sxaqqA ;I usual means of carrying out gans aosorptions. .or soue time,
N «BIIBYAggA edd iu éwakvlukdq31aoéoﬁq .3 j however, it has beun apprecilateu that gas dosorptions in

tanks with agitation have certain advantages over towers in
some cases., TLhis w;s found especially true in the cuse of
hydrogenations, aerations, chlorinations, and &840 Berub-

, bings, where the liyuid film controlled (1,b). 1In such an
instance, maximum turbulence of tne liyuid was conseyuently
desirable, but this wag not reulizable in & tower where the
liyuid depended solely on gravity “or its motion., In =
mixer, on the other hand, the turbulence oi the liguid

could be increased consideraoly at the same tine the £48

buboles were reduced in size, thus al.io inereasing the in-

terfacial surface of contact oetwe n the li.,uid and the gas.
In addition to this it was found that the agitation of the
1i4uid gave the bubbles a longer path through the liquid
and hence a longer time of contact, resulting in a greater

gas absorption e¢frieiency per pass,

/ith these considerations in view there has been &

limited amount of research work done on gas-liyuid ocontac-

ting. FPractically all of this work has been done with the

agitator shaft operating at less than 1000 r. p. m. The

objeet of this work, however, was to determine how well




3 g
B gases and liguids could be brought into contact with each
1 3
f} i other by agitation with thin impellers ut speeds s high as
b
;f » . L o 7500 r. p. m. and with a minimum of power expended, This
L having been done, = comparison could be made with guse
A liguid contacting done at the lower, more convcntional
VoL o o / g speeds. This has been esgentially accompliuvhed,
§ Yater and air were used us the 1liyuid and £88 resnce-
1 g tively, and piano wires o7 varying length and nwaber werc
ﬂ useu ag impellers. The tank, baffles, and spurger, however,
were not varied.
i
1
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II1. THEORY

There are two possible explanations offereu for the
fact that agitation reduces the size of bubbles oi ;88 thut
has been introduced to a2 tunk of a; itate¢ liguic. One is
that the impellers cut the bubbles by peusing thro.ugch then,
Ine other mechanism for reduction of bubble size iy that
the eddy currents due to turbulence behind the impellers
brerk up the bubbles and st the same time reduce the li,uid
film resistance to masy transfer.

Before reduction of bubble size oy this latier
mechanism can ve perrormed, there must first be turbulence,
and this brings up the question of whether the ngivation is
turbulent or "viscous". In this work pure tarovulence wil.
be .1t to exist when tie impellers throw out radially tne
liyuid with which they come into contact in auch the sane
manner as would a turbine, und pure 'viscous" agitation
will Dbe said to exist when the Inpellers turow none of the
liguid out radially.

Let us consider the relation between power conswaed
in agitation of a liquid and the impeller length, impeller
speed, number of impellers, liquid density, and liguid vis-

' 608ity, using the following nomenclature:
‘HP is the horse-power consumed.

L is the impeller length, where the other impeller




A

Ti | ‘ dimensions remsin constent.
d ; J is the immelles shayt gpeed in r. p. .
| ‘

1

l : Ce oo ; 5 13 the muaber or impellers.

! o | | M is the 1i,uid viscosity.
. L 18 the liguid density.
U is the speed o’ the li.uld relative to the impellers,
m i8 the unit uess of the 1i,uid.
& 18 the aascelation due 5o grevity.,
ror this discussion the units o the foove vuriableg
may be onhosen arvitrarily.

5

Lonsider rirst the chage 21

t

‘viscous ' goltation,
seeping 4ll ocher varinoles coastunt P ig »roportioncl to
Lz, widtih ol iapellery roaalndng constent, siace L is pro-
portional the volume of liguid swept by wne iapeller.
Keeping other variableuy cousvant b ig aroposrtiontl to ﬂ;,
since 4~ 1is proportional to ud, whici is proportionsl to tae
Kinetie encrgy of tne li uide 4lso .2 is proportional tO/U,
mit/o does not affect the power in purely "viscous' 1low.
vwaalng up the wveristion of power, then, Ior purely 'vi.co g
agivation,

j (1) HP « 3131.3/4

| diow consider the cnse of purely turbulent agitation.
This time the liyuid will be thrown out radislly with =
velooity that will be proportional to the shaft speed, I,

| | | 4' S A | Therefore, other variables being constant, :[P is propor-

*f : . tional NZ, sinee the kinetio energy of the liguid eyuals
|
}

LA v &
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ﬁmuz. However, the mass, m, of the liquid being thrown out
1s also proportional to N, and HP is proportional to Nﬁ.
Other variables oeing constant, HP is proportional to Lg,
8ince LZ 18 proportional to the(volume swept, which is in
turn proportional to m., Here %00 P 18 ulso proportional to
L2 again, because L% ig provortional to (impeller tip vel-
ocity)z, which iy proportional to uz. Hence HP is propor-
tional to L4. The horuse-power is not affecteq b%/A ior
ideally turbulent Tlow, but it i¢ oroportiocnsl to/a, 8ince
/Ddetermines the nmass of the voluame of li,uid being swept,
Sumaing up the variation of power ior purely turovulcnt
agitation,
(2) 1P o 5%

In actual cases the conditions are oiten somewhere

between those represented by eyustions (1) und (2). In the

general c:se the exponents of ewch or these variables have

~ been found to be roughly the sawme proporti. i of the wey be-

tween their respective extremes, Thus the general equuation
Irom (1) and (2) may be written:
(3) HP o 1«55'3144'387}}01"&, where 0% a X1
In all cases it 18 assumed that HP i1s proportional to the
mumber of impellers, S5, and so eyuation (3) can be written
(4) HP o §O-8L4-28,851-85
Agitation turbulence may be tested from experi-

mental data by making a modified Reynolds number plot, If
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iquid is completely turbulent, eyuation (4) may be

en

(5) HP o(m‘%‘*-ﬂs

Dividing both siues of e.ustion (5) by :;31,‘},3, we get

] P
(o) —EE%f——-=conathnt
W L00
therefore 54 . Plotted ay ordinate sgainst the modiried
N L/Ob -2
. . ;\IJJ“ , ‘
neynolds number, *"761, a8 sbscisue will oive a horisontal

M
8traight line.

1T there is ideul viscous" Leitation,

(7) ““i&—'— X -—;4—:—{-—-
‘131,‘;0;; L™

or ~;£2——~ will be inve:rsely pronorii nel tu the ocivied
i“l)..:.l /0.3

veynolds nuwaber. On log-log coordin: .8 such « reynoldy
munber »lot would huve « slope of negative unity. tLondi-
tions of nartisl tursulence will give a 8lope, thereiore,
gonewnere between minué one and zero. 'he anove outlined
method of testing Tor turvulence is used in this work.

In dealing with gas-1i.uid contaoting the rollowing
nomenclature is usec:

d is the hold-up, or incresse in the height in feet

of the liguid in the tank due to the presence ot

bubbles,

9 18 the average contact time of the air per unit

depth in seconds per foot and is ewual %o -%?u




4,
!
E:
)
&
A
-
3
"
«
P
4
g
.

HP is the horse-power consumed in the mixing.
V i8 the volume of the liquid in cubic feet.
F is the superricial €88 velocity through the tank in

feet per second, obtained by dividing the zes rate
in cubic feet per second by the cross sectional area
of the tank in square fest.

It has been found for given geometrical conditions
that the average contact time, 8, is euual to C(%%)n, where
C and n are constants determined experimentally (5). The
function, g%, is known as the horse-power function, and is
80 grouped in effort to measure the horse-power required per
unit quantity of gas-liguid contacting, which is in itself
rather intangible, The average contact time, 9, is a
measure of how well the gas and 1liguid sre being brought into
contact with each other. If 9 is plotted as ordinate ageinst
%g a8 an abscissa on log-log coordinates, a straight line
will result in which n will be ths slope and C will be the
ordinate intercept. Sinee n has been round to be essentially
constant, the optimum conditions of agitation, so far as
power requirements are conoerned, are where C is a maxinmun,
because there a minimum power consumption is required for =
given contact time. It is for the investigation of these
possibilities that this work has been done.

o~
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III. APPARATUS

The equipment used in this work was mounted on a
steel frame., 24 feet above the ground was a platform on
which rested the mixing tank. This consisted of & Pyrex
glass Jar 1j feet high and 9-9/16 inches inside diameter,

In the tank were mounted sheet alumimum baffles 120 degrees
apart extending toward the center of the tank four inches,

In each of the baffles were cut four slots to &llow that
mumber of possible impellers to pass. Juch extreme baffling
was negesgary to keep the ligquid from vortexing out of the
vank., The shaft was 3/4 inch steel. Four small parallel
holes were drilled in the shaft at intervals of three inches
starting two inches from the bottom of the tank. Straight
pleces of piano wire .047 inches in dismeter were bant at
right angles about i inoh from one end and inserteq inte tac
holes as far as they would go for use as impellers, These
impellers were cut to protrude from the shaft varying lengths;
namely, 1z, lg, 1-3/4, 2, 24, 24, 2-3/4, and 3 inches. The
shaft was mounted on two bearings and driven from & 3/4 h. p.,
single phase, A, C. motor. The motor was mounted on the
steocl frame a few inohes above and to one side of the mixing
Sank with its shaft faoing the impeller shaft and perpendi-
oular to it, On the motor shaft was a V-belt step pulley

- oonnected by a fractional horse-power V-belt to a 8tep pulley
on an auxiliary shaft mounted just above the frame and
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parallel to the motor shaft, The three drive ratios used
with these siep pulleys were 2,08, 1.22, and .813 respec-
tively., The auxiliary shaft was connected to the impeller
shaft by bevel gears having forty and twenty teeth and
running at a drive ratio of 2.00. The motor ran at & no
load speed of ebout 1800 r. p. m., and with these drive ratios
it gave impeller shaft speeds of about 75000, 4500, and 2900
r. P. R, As & sefety precaution a sheet iron shield wasg
placed around the bevel gears and a shield made of wooden
plank was placed on top of the frame, covering both the aux-
iliary shaft and the bevel gears. iWooden shields were &lso
built on two sides of the frame in such & way a8 to protect
the operator. The motor was started with a thirty ampere
box switeh and was comnected with a voltmeter snd amueter.
All of these eleotrical controls were mounted on one of the
wooden side shields, which was uged us a panel board. The
voltmeter was used simply to oheck the line voltage from
time Yo time, but it did not vary emough to show any erfeot
on the ammeter readings.

The ammeter, however, was used to measure the power
output of the impeller shaft and was ocalibrated by putting a
prony brake on the impeller shaft and running tests on the
machine at the three different drive ratios. For each load
meagured the ammeter was read., The spesd of the impeller

éhaft was read by means of an electronisc neon type strobo-
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8cope. Thus it was possible to plot ammeter readings against
power output for each of the three drive ratios used. The
ammeter was only graduated in half amperes and could only be
read to the nearest .1 ampere, and since the current only
varied from three amperes at no load %o six amperes at full
load, great care had to be taken in reading the ummeter. Even
at best the scouracy was limited. The data taken in these
calibrations are shown in Table I, and vhe calibration curve
appears in Graph 1. <The prony brake used was made of sheet
iron bent in such a manner as to form & bruke arm with &
metal band on the end to hold the friction element, whicn |
consisted of olean, dry Lelt lsather about # inoh wide and 3
iﬁoh thick, The band was wrapped around & oesi iion bruke
drum and tightened by mesns orf & sorew, whicn rejoined it to
the orake srm. The brake was cvoled and luuricated by a
8uall stream of water trickling Irom u small copper tube on

to the edge of the wvrake drum. «t these high speeus the

water caused oonsiderable spray, and so a suall wooden

.baffle had to be built to protect the operator and tihe motor.

The stroboseope was protected by covering it with & trans-
parent vinylite bag,
holding a weight pan was attuched to the end of the brake

For measurement of toryue a string

arm and hung over & pulley. This way the torgue could be

balanced by placing weights on the pan.




~ammeter with a prony brake.

Hg / Appdmtus set for calibration of the

o

1
3

{
15

AwTdg
"

. o -+ <o
- A

. z T 2 - 9
: .., o
; . } w 2

: ; . . i = :
! . - o
o

e

4
(
4
siuai bl

]

<

“hu g

Xz
! i ) @
T
1 C : Ay
-] 23 B =
5 ~ .
” . _ (=]
: = . T - et
a 3 - -
% k]
e - ~5 T
i - .- . J
H o . - = gt
s o - N . . o
9 d . - B e
N = . D
: K R — e
: L o - S
: - . B el
4 & . s e -
- .. g ] 3
4 - L - - - - Y -
i -y - - .
. v ) ’
P 3 3 '-
’ b - . ‘
« - n . i .
: - = - -
L - =
3 - red
i . ~ .
o = .b
. - 3
N - N -
§ _ - . -
g - - =2
: -
i — [ L
u», vs. - -
-~ g b
B N b £
< N P
- .Il» -
BE N O - ’
i
i (2
A
15




Ty — oy e
P CAN T
. ! [

TR 1 e .
o
o

N ' -y -
s 8

o
)

9

Gﬁlperes) - L -
g .

wrént
3

P BN
Y j f .
S b Y
Y ¢
(L o .
vt ’

Graph /. Catibration of Ammeter with Prony Brake for use as ﬂ/ﬂamomefér
[Totor Current vs. Fower Oat‘pm.‘ of ]mpe//er Staft
Motor Warmed (40 tbo 40°C Before Test

o, Run XL, DriveRetio 422
aRunlk, » = 2.56

R

- : . ‘ A“ | ’. . |
Paw-.-r Oerdput 69,9.}

., .
o Cor ' '
} D
A R A XS T R A RS A




P TR

IR oo -

13

ALX was run into the tank through copper tubing 3/g

inch outside diameter, whioch down along the inside wall of

the tank and oveﬁ\underneath the impeller Shaf¥. The end o

the tube wag Bealed off, ang s Sparger was made directly

under the center of the shast by riliing o Z inena hole ip

the tubing, In Series with the Subing sné mounteq oi: the

8ide of the ates] frame were two mereury menometers, (pe

read the static presgups of the air, rnd fhe ofher read the

drop across a capillary orifice. 20 calibrate this crifice

8 gas meter wug vlaced in serjes with 1%, one gir, which way

Bupplied from & Gompressor, way run through the systen,

Then the €83 meter wag tined with o stop waten to get the

rate of fiow, The data taken in the celibretion ape shoun

in Table iI, and the calibration curye ie skown in Cruph 2.

>




Close-up showing 4drive mechanism

with the shields removed.

View showing maehine with View showing manometers

top shields removed. and gas meter.

Iig. 2. Photographic Views of the Apparatus.
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TABLE I
CALIBRATION OF TilE AMMETER WITH A PRONY
BRAKE FOR USFE AS A DYNAMOMETER
RUN IX
Speed Ratia: 2.56 (about 4500 r. p. m.)
Brake Arm: 1.094 feet

Brake Constant: .0002083
Weight of Pan and String: 27 grans

Current Line r.p.m. or iotor Weigzhts Weights Welghts Power
(amps.) Voltage Shart Temp. on Pan Corrected Corr. Output
(°c) fgg) _g) (Lbs.) (h.p.)
3.5 224 4540 38 NoLcad 0
de7 222 4500 30 57 « 1260 «1175
6.4 220 4150 360 387 . 854 .738
3.9 224 4460 60 87 «1920 - 2008
6.0 220 4140 40 330 357 « 786 « 687
4.0 226 4410 100 127 « 280 - 207
5.5 226 41.00 42 300 337 « 720 « 614
4.1 225 4400 44 130 157 « D46 « 317
5.1 226 4240 44 260 287 « 642 =066
4.4 228 4370 45 160 187 «41l2 « 375
4.9 227 4300 45 230 297 « 066 « 007
4.6 227 4330 45 200 227 « 600 e 401

e




Speed Ratio:
Brake Arm:
Brake Constant:
Weight of Pan and String: 27 grams

TABLE I

(Continued)

RUN X

1.71 (about 2900 r. p. m.)
1.094 feet
. 0002083

Current Line r. p. Weights \Weights Weights Power
( Voltage Shaft on Pan  Corrected Corrected Output
(&) (g) __(1bs) (h.p.)
3.4 228 2920 HoLoad )
Se8 227 2770 530 5567 1.226 708
4.3 226 2841 260 287 « 632 « 588
3.5 226 2900 30 o7 « 1200 <0758
5.6 224 2765 500 527 l.1l61 <670
4.6 226 2822 330 357 « 786 « 462
3.6 227 2885 60 87 «1920 «1155
5.4 227 2784 460 487 1.074 « 634
4.5 227 28243 300 327 « 720 « 424
3.7 229 2880 100 127 « 280 «+1680
Q2 2237 2784 430 457 1.009 <086
4.1 228 2840 230 257 « 006 « D3SO
3.8 228 2869 130 107 «e 346 e 207
5.0 229 2796 400 427 . 941 2048
4.0 228 2850 200 227 « 500 « 297
3.8 228 2368 160 187 «4l1l2 e 246
4.7 227 2808 360 387 «854 « 000
3.4 230 2903 Noload )

-
(=2]




Speed Ratio:
Brake Arm:

TABLE I (Contimued)

RUN XI

4.22 (about 7500 r. p. m.)

1.094 feet
Breke Constant:
Weight of Pan and String: 27 grams

- 0002083

Current Line '« pP. me of Hotor Weights Weignts Weights Power
{(amps.) Voltage Shaft Temp. on Pan Corrected Corrected Output
(°C) (g) (g) (lbs. ) (hoepo)
4.0 225 7330 39 HoLosad O
7.7 225 6800 220 247 «H44 =770
4.4 225 7240 30 o7 «1250 . 18390
Te2 284 68606 200 237 « 500 « 710
4.8 225 7150 60 87 « 1220 . 286
6.2 25 6980 160 187 412 « 0298
5.4 224 7070 110 137 « 302 « 445
H.9 ci4 702G 130 157 . 546 « 505
3.9 225 7300 42 oload 0

Sample Calculations:

Take the second row datas Run XI:

Brake Constant = 8e28X1.094 _ ), 5005

33, 000

Power Output =.0002083X6800X.544 = .770 h. P.
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PABLE II
CALIBRATION OF THE ORIFICE
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Orifice Line Gag Meter Time Air Air Rate
Reading Pressure Reading  of Flow Temp. (cu. ft./min.,
; (in.Hg) (in,Hg) (ouw. f%.) (min.) (9F) 1 atm., 759F%)
3 6.95 38.15 9.00 2.864 72.8 224
5.88 36.88 5.00 3.020 72.8 2.04
4,89 35,70 4,00 2.650 72.8 1.81
4,30 36.06 4.00 2.766 72.8 1.70
3.96 34.64 4,00 2.760 73.0 1.68
3.38 33.92 4,00 24933 74.0 1,90
2,99 33.48 4,50 3.478 74,0 1.45
2+66 33.08 3400 2.490 74.0 1.34
2.19 32.52 3.00 2.729 74.0 1.20
1l.82 32,12 3.00 2.870 74.0 1.12
1.43 31.68 3.00 3.163 74.1 1.01
1.09 *3l.24 . 2,50 3.105 74.2 « 849
; 83 30.94 2.50 2.034 74.3 733
39 30.42 2.50 D244 74.5 <490
28 30.28 2.00 4,989 74.8 . 406
.18 30.12 2.00 T.243 75.0 . 278
003 30.54 2.00 3.664 75.1 506
719 30,80 2.50 54636 75.2 .710
1.21 31.35 2.50 2.996 75.2 .875
1l.64 31.88 3.00 3.173 75.2 1.009
1.99 32,27 3.00 2.841 75.2 1.14
2,74 33.16 3.00 2.460 5.3 1.35
3422 33.75 4.00 3.130 75.4 l.44
3,74 34.35 4.00 2.933 75.6 1.56
4,18 34,88 9.00 3.503 75.6 1.66
4,59 35.37 5.00 3386 75.6 1.74
] 0.19 36,07 5.00 3a 203 75.6 1.8
1 5.47 36.40 5.00 3.187 75.6 1.91
f 5.95 36.96 5.00 3.110 75.6 1.98
] 6.72 37.88 5.00 2.991 75.8 2.11
3 7.33 38,60 5.00 2,918 76.0 2.21
7.59 38.89 5.00 2.887 76.0 2.22
7.91 39.25 5.00 2.860 76.0 2,29
8.74 40.28 5.00 2.769 76.0 2.42
8.80 40,28 5.00 2.773 76.0 2.43

R
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TABLE II (Continued)
Take the last row of data:
¢ -7
Air Rate = g? goxgoogax TR 2.4 ou. ft./min, )
- - Ul atm., 75°F
. d 14
= . |
4 , . .
' .
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RRRTLE A A e oo IVo PROCXDURE
(e
3 ; T O L O AR : ‘
3 e | , ' ; The first tests were aade without the additien of air
b L R A LA A S ]
B o S ' ] in order to determine the nature of the agitation. The tank
4
¢ ; was first filled with water, and the desired nuaber and size
% i of impellers were inserted, always starting Ifrom the bottom
ry i of the shaft. The maschine was started, and the shaft speed
g ; was read with the stroboscope, whiclh waz ounted on #n ad-
N
i : Justable stand. Then the notor current and voltoge were
&y 1
v ; read, From this data tie -ower rej uirec Zor nixing at dif- -
X E ferent speeds and different impeller nuab:rs and lengths

=TTy
=

could be measured. The results are given in Tesble III and

=

Graph e

The next series of tests were on gas-liquid contac-

LT B R T AR A O A

BRSO et oo e
e ey
RIS

%x ? ting. The procedure was the same as in the previous tests,

A ;

@ A with the exception that varying rates of air were added for

i ; ndit

- b each condition. The air rates studied for each shaft speed,

impeller length, and nunber of impellers were 0, .50, 1.00,
1.50, and 2.00 cubic feet per minute at one atmosphere and
759F, The hold-up was also read by placing wax pencil marks
on the outside of the tank in graduations of § inch. The

g% i results of these tests are shown in Table IV and Graphs 4 to
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TABLE III
POWER REQUIRED FOR MIXING WITHOUT THE ADDITION OF AIR
Water Depth: 12 inches

No Air Added N
KHotor Warmed up to 40°C before Starting

Impellers Line Current r.p.m. Power gr4 HL23
No, Length Voltage (amps.) of Shaft Output K'L X10

(in,) (h.p.) X107

Drive Ratio: 1.7l (approx. 2900 r. p. f.) »
1 13 230 3.5 2931 .075 1285 *! 4.58
g " 230 3.5 2921 075 613 17 74458
3 " 230 3.5 2920 075 408 .4 4.58
4 " 230 3ab 2920 116 473 574,88
1 1% 230 3.6 2925 075 593 1176,68 -« -
2 " 230 3.5 2918 <075 297 7.4 6456
3 " 230 35 2907 L0175 198 - 6.54 - o
4 " 230 3.6 2903 <116 234 1.0 6,64
1 1-3/4 230 Beb_ 2911 075 225 05 8,90 - 7 0
2 " 230 3455 2898 .100 219 ' 8.87 L
3 0 227 3.6 2886 116 173 -8.84 . .
4 " 227 3.7 2882 175 196 , 8.83 o

Drive Ratio: 2.56 (approx. 4500 r. p. m.)
1 13 227 3.6 4500 060 270 i7« 7.04
2 229 3.7 4500 J117 264 57 7,04
3 0 230 3.9 4480 212 721 /42 400 .
4 " 230 4.0 4460 .250 268 135 6,97 .
1 13 229 2.7 4490 117 856 510,10 ° - 7
2 " 226 3.9 4460 <212 236 7,,10.02 7
3 " 226 4.1 4440 .288 217 2410.00 7 ..
4 226 4.3 4400 .355 20647 9,90 - . . _
1 1-3/4 228 3.8 4470 .165 184 2713.68 7 1o
2 " 228 4.2 4430 <325 180 -:i13.,656 » - *7¢
3 228 4.6 4410 440 164 ©:2.13.49 7
4 " 230 4.9 4400 510 144 1.713.44 =70 /7

Drive Ratio: 4.22 (approx. 7500 r. p. m.) L
1 1% 230 4.5 7250 .210 2257 11.328 “ 7
2 " 230 5.0 7150 .3?5 209[,7,{ 11.20 o ’,\ ,‘_» e
3 " 231 5.8 7090 .530 aoiei ﬁ.gg Yy
4 230 6ed 7060 .625 1815(11.02 ~ 7.
1 1% 230 4.9 7240 .350 182591 16,30 $ 3> /7c~
2 " 230 5.7 7120 515 141:5316.00 <2 20
3 - 230 6.4 7000 626 1¢0107.8 16,74 7 ?’;,8
4 " 220 6e6 6950 6556 > 9644 18.68 7 C7F
1 1-3/4 230 5.0 7150 375 :.109.6 21.9 ¢ | 770
2 " 2217 7.1 6930 0 plld B2 ga.!
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TABLE III (Continued)
Impellers Line Current r.p.m. Power aL?
Ho. Length Voltage (amps.) of Shaft Oubput n"’rﬁfb x10%
(4n,) (hep.) X210~

Trive Hatio: T"ﬁ (approx. 2900 T. p. M.) o
1 2 226 2993 080 387 5‘1 11.93 o
2 " 229 3.6 2976 2120 143 ¥4 11.90 oo
3 230 3.7 2960 .185 148 -/ 11,83 - |
4 " 228 3.8 2936 «230 142 41 11.783 -
1 33 230 3.6 2975 120 178 77 16.04 -
2 " 230 3.7_ 2957 185 144 7 14.97
2 " 230 3.95 2927 «290 161 ¢ > 14.80
48 " 230 4.2 2895 370 149 07 14464
1 24 230 3.6 2960 165 1563 ©7 18.50
g " 233 3.96 2943 .290 146 - 18.40
3 " 234 4.3 2920 .400 138 -~ 18.24 -
4 " 235 4.5_ 2900 .450 118 - ° 18,10 |
1 2-3/4 232 3.66 29563 155 106 i 22,3 o
2 " 231 4.0 2920 0530 116 »\T’T'j‘ 22-1 ),’ v
3 " 231 4.5 2898 460 108 ©  21.9 X
4 " 231 4.9 2875 535  98.6:- 21.7
1 3 232 3.8 2948 .230 111 - " 26.5 o
2 230 4.2 2915 370 92,07 26.2 (s

Drive Ratio: 2.56, (approx. 4500 r. p. m.)
1 2 225 3.8 4500 176 120 -+ 18,00
g " 235 4.3 4450 .3565 126 1 17,79
3 224 5.0 4400 530 129 <17 17.59
4 " 226 0.6 4360 630 119 ‘¢ 17.41
1 2% 224 3.9 4480 210  91.2:v22.6 b
2 " 225 4.7 4410 4656 106.7:> 22.3
3 " 224 5.8 4330 .660 113 .7 2L.9
4 " 224 645 4260 J750 94,6 21.6 y
1 2% 225 4.1 4450 .290  84.3 7+27.8 o
2 224 5.4 4360 600 92,77 27,2 )
3 " 224 649 4240 810 90.6:) 26,5
4 " Motor Uverloaded .
1 2-3/4 225 4.3 4440 366  71.02°33.6
g 226 5.8 4320 660  TL.7::332.6 $7.4
3 " Motor Overloaded gl
1 3 224 4.45 4440 .400 56,2 39.9 o
2 " 235 652 “oo 0715 5b.4 1192 38.7 ) —’-‘/47"7

Drive Ratio: 4.22 (approx. 7500 r. p. m.) N
1 2 225 6.0 7160 «560 96,211 28,6 -7
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¥ CooUan, Gt s YD sedes ‘ :
. | Loee ¢ . . il ) ! ‘ ,
@ DI LT AT e ool I . d , Powsr Output is read directly from the = mmoter
i . . . . -k v s
.; i o A Voan o e ’J‘«"ﬂo} TR L. v
=8 b el el e -‘ | galibration curve.
g BRI Sl et s RN e - - e . R
i e e :.'. '\:‘ .l LI':: .r . :!'1 .. » "" R ¥ . . S ' -g—— : T .075 = 1225xlo 15
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2 S SR S m - 295105 - 4.56000°
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TABLE 1V
POWER REQUIRED FOR MIXING WITH THE ADDITION OF AIR
Water Deypth: ) foog
Motor Warmed to 407°C
Tank Croas 3egtvionnl Area: .495 square feet
Air Temrerature: 75°F

RUH IIX, Drive Ratio: 4.22 (approx. 7500 r. p. me)

Impellers Orif. Hold Line Curr, Shaft Air, Rate F Power Average

HP
So.Length ("Hz) up Volt. (amp) r.p.m. (£$°/min) (£t/sec) Output Cont.Time VF
(1n.) () 75%F,1 atm (hep.) {(mec/ft)
; 1 13 6.00 1,1 225 4.0 7370 2.00 0674 .150 1.36 4.5
% " n 3.40 1.0 226 4.0 7370 1.50 2 0505 «150 1.66 6.0
! " 3 1.5656 «8 227 4.0 7370 1.00 « Q337 «180 1.98 2.0
; z ® . ¢ 40 5 236 4.0 7370 « 50 «.0168 « 160 2.48 18.0
| " " C & 226 4.2 7560 8] 0 « 215
| 2 13 6.00 1.4 227 4.4 7360 2.00 .0674 .280 1.93 8ed
" " 3.40 1.1 227 4.4 7340 1.50 05086 « 280 l1.82 1.2
" " 1.55 -9 233 4.4 7340 1.00 » 0337 » 280 2.22 16.8
B " «40 .6 224 tod 7340 -850 .0168 « 280 2.98 3346
" " &) «1 226 4.7 7300 ") Q « 2065
3 p &y 6.00 1.7 223b 4.7 7300 2.00 - 0674 « 355 210 10.6
v " 3.40 1.2 225 4.7 7300 1.50 - 0505 3565 1,98 14,2
nooom 1.55 1.0 2256 4.7 7370 1.00 « 0337 .36  2.47 21.3
¥ " 40 «7 220 4.3 7270 « 50 0168 « 330 de46 45.6
o a o «1 227 5.3 7230 0 0 «490
4 13 6.00 1.6 226 5.0 7230 2.00 « 0674 « 420 1.98 12.8
¥ " " 3.40 1.3 227 5.1 7220 1.50 « 05056 «450 2.14 18,0
3 n n 1.5 l.2 228 5.1 7220 1.00 - VBB7 « 450 2.96 27.0
0
w
|
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TABLE IV (Contirmued)

RUN III (Contimued)

Impellers Orif. Hold Line Curr. Shaft AirBRate F Power Average HP
No.Lenfth ("Hg) up  Volt. (emp) r.p.m. (£} /min) (£t/sec) Output Cont.Time VF
(" (") 75°F,1 stm __(h.7.) (ses/ft)

4 1s «40 «S 237 ODed 7220 « 50 -0168 « 490 4,46 58.8

" " 0 .1 225 5.9 7160 0 Q «H8H

1 1z 6.00 1.2 228 4.4 7350 2.00 0674 « 280 1.48 8.4
" v 3.40 .8 229 4.4 7350 1.50 .CH0bH « 280 1.28 1l.2
" " 1.50 .7 228 4.4 7350 1.00 . 0337 . 280 1.73 16.8
" 7 « 40 4 229 4.4 7350 » 90 . 0168 « 280 1.98 33.6
n a 0 1 229 4,5 7340 0 G « 310

2 13 6.00 1.4 228 5.0 7260 2.00U 00674 « 485 1.73 12.8
n n 3,40 1.2 229 5.0 7260 1.50 - 0D0H « 425 1.98 17.0
" = 1.5% .9 229 0.0 7260 1.00 « 0337 « 425 2.22 5.9
" w « 40 .8 229 S5.2 7260 510 . 01638 « 470 3.98 56.3
" " 0 «2 229 5.5 7200 0 0 « 525

o) 13 6,00 1.7 228 5.8 7150 2.00 00674 «H80 2.1V 17.4
" n 3.40 1.4 228 6.0 7180 1.50 . 05056 « 610 1.73 4.4
b n 1.55 1.2 228 PR 7150 1.00 - 0337 =« 010 2,96 36.6
b " 240 8 237 Ol 7130 « 90 .0l68 . 625 B.08 75.0
" " 6] Q 228 6.8 70Q0 O O « 710

4 lé HMotor Overloaded

1 1z 6.00 1l.2 227 4.8 7300 2,00 20674 GT.0 1.48 1l.4
n n 3.40 1.0 225 4.3 7280 1.50 - 0508 « 580 l1.65 15.2
" n 1.556 .7 225 4.8 7280 1.00 » 0337 « 380 1.73 22.8
" n «40 «O 220 4,9 7280 « 80 .0168 . 40D 2.48 48.6
mooow 0 .2 225 5.0 7830 0 0 425

2 1% HMotor Overloaded

1l 2 0,00 1.3 2205 5.5 7160 2.00 L0074 « 520 l.61 15.8

&
=)
4
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TABLY IV (Continued)
RUN III (Continued)
Impellera Orif. Hold Line Curr. Shait air, Rate ® Power Average HP
Eo.Lonfth ("ilg) up Volt. (amp) r.p.m. (£%°/min) (£t/sec) Output Cont.Time VF
(" (") 76°F,1 atm {(n.p.) (sec/Lft)
b 2 3.40 l.2 225 5.5 7160 1.50 « 0005 «-H2H l1.48 21.0
bl n 1.5656 8 224 D.5 7160 1.00 « 0337 . 02b 1.98 71.5
o " « 40 5 2284 De6 7160 « 50 « 0168 . 540 2,48 64.8
" " - 0 -2 28D 5.9 7090 o) 4] 596
2 2 Motor Overloaded
| RUN 1V, Drive Ratio: 2.56 (approx. 4500 r. p. m.)
Impellers Orif. Hold Line Curr. Shaft A:Lr,sRa.te ¥ Power Average HP
| Ko.Leaﬁth ("Hg) up Volt. {emp) r.pem. (£{”/min) (£t/sec) Output Cont.Time &
| (" (") 75YF,1 atm (h.p.) (sec/ft)
;J 1 1% 6.00 « & 2232% 360 4600 2.00 <0674 «110 L.1} Bed
| IS u " S.40 6 230 3.9 4600 1.50 « 0505 .110 «99 4,4
" " 1.66 & 230 Seb 4600 1.00 « 0337 «110 l.24 5.6
5 " " - 40 «4& 228 i Y 4600 «50 <168 .110 1.98 1.2
| . o 0 228 3.5 4600 0 0 .110
! 2 1z €.00 «9 228 3.5 4600 2.00 0674 »110 1.11 3.5
W q Be4du o7 230 a0 4600 1.50 « 05096 <110 1.15 4.4
" " 1.85 «5 229 3.0_ 40600 1.00 « 0337 «110 1.48 6.6
" " « 40 o4 250 SeDO 4600 i +1V] «0l68 « 140 1.98 17.4
» " 0 0 230 3.55 4600 0 0 145
3 1% 6.00 1.0 229 3.6 4600 2.00 « 0674 «170 l.24 5.1
" " 3.40 .8 230 3.6 4600 1L.50 05006 «170 1.52 6.8
" " 1.56 «6 230 3.6 4600 1.00 « 0337 «170 1.48 10.2
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TABLE IV (Continued)

RUN 1V

{Continued)

Impellers Orif. Hold Line

Curs. Shurt Air_Rate

Ho.Length ("Hg) up Volt. (amp) r.D.m. (242 /min)
(ﬁf (") 75°F,1 atm

T 1 <40 .4 230 3.6 4600 .

" n 0 o1 230 3e7 45680 0

4 13 6.00 1.1 230 366 4590 2,00
" bl 3640 «9 230 366 4590 1.60
i " 1.566 «8 230 3e6 4590 1.00
" " +40 «6 230 Debd 4590 « 50
n n 0 1 230 3a8 4560 0

1l 1} 6.00 «7 230 3¢9 43810 2.00
n " 340 <5 230 Bad 4610 1.50
" n 1,56 «3 230 3.5_ 4610 1,00
" i « 40 «2 230 3.5 4610 « 50
" " Q 0 231 3.6 4600 Q

2 1k 6,00 .7 230 3.6 4600 2.00
n " .40 .6 230 3.6 4600 1.50
had ” 1.55 5 230 3.6 4600 1.00
n n « 40 S5 230 3.6 4600 «O0
" n 0 <1 228 3.8 4570 0

3 13 6.00 .9 230 3.7 4570 2.00
n " 3.40 «7 230 2.7 4570 1.50
" " 1055 .6 230 3.7 4570 l.CQ
" n <40 .4 230 3.8 4570 «D0
n " 0 .1 231 4.0 4550 0

4 1k 6.00 1.1 231 3.8 4580 2.00
n " 3.40 1.0 230 3.8 4580 1.50
n u 1.55 -8 230 3.8 4580 1.00

s e
F Power Average HP
(ft/sec) Output Cont.Time VF
(h.p.) (Bec/ft)

L] L J - -
0 « 210

« 0674 «170 1.36 Sel
« 0505 «170 l.49 6.8
« 0337 «170 1.97 10.2
» 0168 «170 2.98 20.2
0 . 250

20674 «110 . «86 33
00505 cllo .82 4.‘
« 0337 «110 «74 Ge®
«0168 «145 «99 17.4
0 <170

« 0674 «170 «86 5.1
- 05605 «170 <99 6.8
« 0337 «170 74 10.2
0168 «170 l.49 20.2
0 « 250
.0674 « 210 l.11 63
- 0505 « 210 1.5 8.4
. 0337 «210 1.48 12.6
.0168 « 200 1.98 30.0
0 « 520

.0674 . 250 1.36 7.9
.05056 . 250 1.65 10.0
. 0337 . 250 1.97 15.0

ge
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TABLE IV (Continued)

RUN IV (Continued)

Impellers Orif, Line Shaft Air_Rate F Power Average  HE
Ho.Length ("Hg) Volt. r.pem. (2t°/min) (£t/sec) Output Cont.Time VF
(") 759F,1 atm (hop.) (Bec/f£t)

4 13 40 231 4580 50 0168 . 250 2.48 30.0

n n 0 230 4.1 4520 0 0 . 355
1 13 6.00 230 3.6 4590 2.00 .0674 170 .86 5.1
n n 3.40 233 3a 6 4590 1.50 <0505 <170 .99 6a8
" n 1.55 232 3.6 4590 1.00 0337 .170 .99 10.2
" n «40 232 3.6 4590 .50 .0168 <170 1,49 20.2
" 0 233 3.7 4590 0 0 «210
2 1% 6.00 232 3.8 4560 2.00 0674 « 250 1l.24 7.5
n n 3440 233 3.8 4560 1.50 . 0505 . 260 1.32 10.0
n i 1.55 232 3.8 4560 1.00 L0337 « 250 1.48 15.0
n 040 233 Be8 4560 e .0168 « 260 2.48 30.0
n m 0 233 4,0 4550 o) 0 320
3 13 600 230 3,9 45560 2.00 0674 « 290 1.36 8.7
n n 3.40 230 3¢9 4550 1.50 . 0505 « 290 1.65 11.6
n n 1.55 230 3.9 4560 1.00 L0337 « 290 2.22 17.4
n n 040 230 4,0 4550 .50 .0168 320 2.48 38,4
" 0 232 4.3 4500 0 0 0415
4 13 600 232 4.1 4540 2.00 .0674 .355 1.85 10.7
" " B340 233 4.1 4540 1.50 . 0505 . 365 2.14 14.2
n 1.55 233 4.1 4540 1.00 0337 . 505 2.72 21.3
n «40 230 Go2 4540 50 . G168 . 390 4,46 26
t 0 230 4.6 44806 0 o] <490
P 6.00 230 3.7 4586 2.00 0574 .210 074
n 3 ¢ 40 23G 3.7 4580 1.50 . 0505 . 210 .66
B 1.55 230 3.7 4580 1.00 L0337 . 210 .59
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TABLE IV {(Continued)

Y
RUN IV (Contimued)

Impellers Orif, Hold Line Curr, Shaft Air_Rate F Power Aversage HP
EO.LGD?th ("Hg) up Volt. {amp) r.p.m. (fts/min) (ft/sec) Output Cont.Time VF
(" (") 75%F,1 atm (hep.) (B60/f%)

b % b24 « 40 . 231 De 7 4580 « 50 <0168 «210 1.49 25,2

" " 0 +1 230 3.8 4560 0 Q « 250

2 2 .00 l.1 230 4.0 45580 2.00 0674 « 320 1.36 9.6
n " 3.40 1.0 230 4.0 45b0 1.50 « 0805 « 320 le.65 12.8
n " 1.05 .8 230 4,0 4550 1.00 « 0337 « 330 1.97 19.2
" n « 40 «6 230 4.0 4550 « 50 » 0168 « 220 2.98 38.4
" " Q -1l 230 4.5 4550 0 0 « 415

3 2 5.00 1.6 228 4.3 4500 2400 0674 « 415 1.98 12.5
n " 3.40 1l.4 228 Aed 4500 1.50 «0DB0H « 410 2031 16.6
" n 1leD5 1.2 228 4.3 4500 1.00 . 0337 S §+) 2.97 24,8
" n .40 1.0 228 4.4 4500 « 50 0168 « 440 4,96 52.8
n " o] ea 227 4,9 4450 0 9] «HbHO

4 2 6.00 1.8 226 4.6 4450 2.00 0674 « 490 2«23 14,7
n n 5-40 1.6 326 4-6 4450 l¢50 o0505 04:90 3.64: 19.6
n n 1.5 l.4 225 de? 4450 1.00 « 0337 « 910 3. 46 30.6
n n «40 1.0 227 4.8 4450 D0 « 0168 « 030 4.96 632.6
" " 0 «2 224 DD 4390 4] 0 « 64D

1 % 6,00 a9 226 3.8 4560 2400 0674 e 250 l1.11 7TeH
" " 340 «8 228 3.8 4560 1.50 « 0506 « 250 1.32 10.0
n n 1.58 -3 225 3.8 4560 1.00 . 0337 « 260 1.97 15.0
n " «40 .5 226 3.8 4560 « 50 . 0168 « 20 2.48 30,0
n " O .2 227 B3¢9 4560 0 0 « 290

2 2% 6.00 1.6 224 4.2 4510 2.00 0674 « 330 1.98 11.7
n " 3.40 l.D 224 4a8 4510 1.50 « 0505 0 390 2.48 16.6
" n 1.5 1.3 224 LoD 4510 1.00 « 0337 e 41D B.22 24.8
n n « &0 «9 22b 4,3 4510 « D0 .01 68 « 41D 4.46 49,8
n " 0 > 227 4.7 4470 0 0 «510 g

”~
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TABLE IV (Continued)

RUN IV (Contimued) ;

Impellers Orif. Hold Line Curr, Shaft Ailir _Rate F Power Average HP
No.Lenfth ("Hg) up Volt. {(amp) r.p.m. (£t°/min) (£t/sec) Output Gont.Time VF
(" (") 76°F,1 atm (h.p.) (Beo/TtH)

3 2% 6.00 2.0 228 4.9 4470 2.00 . 0674 « 550 2. 48 16.5
v n 5.40 1.9 229 4a9 4470 1.5C 06056 « 0560 Bel4 22.0
n " 1.55 1.6 227 4.9 4470 1.00 - 0337 « 360 3.70Q 33.0
n " «4C 1.1 227 5P § 4460 «H0 .0168 « 5865 5,46 70.2

n " O oS 287 5.7 4370 0 0 «675

4 23 6.00 2.2 2256 5.6 4380 2.00 « 0674 -« 660 2.72 19.8
o " 3.40 2.1 226 D.06 4380 1.90 « Q808 « 660 5.46 26.4
n " 1.55 2.0 228 5.7 4380 1.00 - 0337 « 5675 4490 40.5
" " «40 1.3 227 5.9 4350 «B0 - 0168 « 700 0e4D 84,0
n n ¢) .8 230 6e4d 4310 0 O 770

1 2% 6.00 1.3 227 3.9 456860 2.00 20674 « 290 l.561 8.7
" " 3.40 1.1 227 569 4550 1.5C - 0D0S « 290 1l.81 11.6
" " 1.55 1.0 228 3.9 4550 1.00 - 0337 290 2.47 17.4
" " « 40 .5 228 Sa% 45560 s1e =168 « 290 248 34.8
" " O «1 229 4.1 4580 0 Q MEetsts)

2 2% 6,00 1.9 228 4.6 4490 2,00 « 0674 . 490 239 14.7
" " 2.40 1.6 227 4,6 4490 L.00 - QD0H « 490 2.64 19.06
H n 1.55 1.3 226 4.7 44920 1.00 « 0337 0010 .22 30.6
" " «40 1.0 22b 4.8 4460 « 00 . 0168 = 530 4.96 535
" n Q <2 286 5.2 4410 O 0 . 600

3 2% 6,00 2.1 224 5.7 4370 2.00 s U674 670 2460 20.2
" n 3.40 2.0 227 5.7 47270 1.50 - 05058 2675 3. 30 27.0
n n 1.56 1.7 2236 5.8 4370 1.00 . Q337 « 680 4.20 4l.1
" " «40 1.2 225 5.9 4340 - 90 .0168 « 700 D95 84.0
" " 0 .6 225 67 42560 Q 0 « 800

o
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TABLE IV (Continued)
RUN IV (Continued)
; Impellers Orir, Hold Line Curr. Shaft Airznate F Power Average HP
; lo.Lon?th ("Hg) up Volt. (amp) r.p.m. (£%“/min) (ft/sec) Output Cont.Pime VF
' (" (") 76°F .1 atm (h.p.) (Bec/£t)
4 at Motor Overloaded
1 3 6,00 1l.4 226 4.0 4530 2.00 . 0674 « 320 1.73 9.6
" n 3.40 1.3 227 4.1 4530 1.50 . 05086 « 30O 2.14 14,2
n n 1,86 1.0 227 4.1 4530 1.00 « 0337 - 3H8 2.47 21.3
n n «40 «6 227 4.1 4530 i +18) - 0168 «3HD 2.98 42.6
n " ¢ .1 229 4.2 4500 0 O « 390
g 2% 6.00 2.1 230 H.1 4430 2.00 0674 585 2.60 17.6
" " 3.40 2,0 227 .1 4430 1.50 «0D0b « 986 D380 23.4
" n 1.6 1.6 228 b.2 4430 1.00 0337 « 600 5.96 36.0
" n 40 l.1 230 5.3 4430 =50 .0l68 « 61D 5.46 73.9
bl " 0 «2 229 5.7 4360 ] o 2670
3 21 Motor Overloaded
RUN V, Drive Ratio: 1.71 (approx. 2900 r. p. m. )
Impellers Orif, Hold Line Curr. Shaft Air _Rate 1y Power Average €P
' No.Length ("Hg) up Volt. (emp) r.p.m. (£49/min) (ft/sec) Output Cont.Time F
| ' (") (") 7595 ,1 atm (h.p.) (sec/ft)
| 1 1z 6.00 .7 230 3.3L 5013 2. 00 e 0674 075 .86 2.3
n n 5.40 .6 230 3.5_5. 5()13 lo50 : 00505 0075 .99 3.0
" " 1.55 4 230 3.3b 3013 1.00 « 0337 . 075 .99 4.5
! n " «40 .2 230 2.3 3013 .50 .0168 « 075 .99 2.0
n " 0 0 230 3.30 3013 0 0 « 075
&

B




T R o Sy Tt e

4

TABLE IV (Continued)
RUN V (Continued)

Impellers Orif, Hold Line Curr. Shaft Air_Rate F Power Aversge HP
No.Len§th ("Hg) up Volt. (amp) r.p.m. (ftz/min) (£t/sec) Oubtput Cont.Time TF
(" {") _ 75°F .1 atm (hep.) (sec/ft)
e 1z 6,00 1.0 230 3.4 3013 2,00 0674 « 100 l.24 340
" ? 3.40 «8 234 ded 3013 1.50 » 0500 « 100 1.32 4.0
n n 1.55 .7 234 ded 3013 1.00 20337 .«100 1.73 6.0
" " « 40 4 233 3.4 2006 « 50 «01l68 «100 l1.98 12.0
n " 0 o 233 Bedk 3001 0 0 «100
3 1l 6.00 1l.1l 233 Se4 3001 2.00 00074 «100 1.36 3.0
" " 5.40 «9 234 S.4 3001 1.60 - 0506 2100 1.49 4.0
1 " 1.55 «38 232 Sed 3001 1.00 « 0337 - 100 1.97 6.0
e " « 40 .5 232 Sekk 3001 « 80 0168 » 100 2.48 12.0
" n 0 0 233 S d 2997 o 0 «100
4 1g 6,00 1.2 232 3.9 3001 2.00 « Q674 « 150 1l.49 4,9
" n 3«40 1.0 233 3.5 3001 1.50 « 05605 . 150 1.60 6.0
" " 1.56 «7 232 3.0 5001 1.00 « 0337 « 150 1.73 9.0
" 1 » 40 O 3233 3.5 3001 « 00 « 0168 « 150 2.48 18.0
s " " ¢ .1 233 3.0 2993 0 Q « 150
] 1 lg 6.00 -6 233 Se4 3008 2.00 0674 100 74 3.0
; " n 3.40 0 232 da4 3003 1.50 - UD05 «100 .88 4.0
" n 1.55 .3 232 .4 3003 1.00 - 0637 » 100 « T4 6.0
n n «40 «.2 230 5.4 3003 « 00 0168 « 100 « 99 12.0
" " 0 0 230 5 J 3000 0 0 «100
2 13 6.00 «8 233 3.4 2997 2400 0674 «100 « 99 3.0
n " 3.40 7 233 o JAY- 3 2997 1.50 « 0005 « 100 l.15 4.0
" " 1.55 «H 233 3.4 2997 1.00 0337 «100 l.24 6.0
n n « 40 «3 233 3.4 2997 <50 .0168 « 100 1.49 12.0
" n 0 Q 233 3.4 2997 Q ) « 100

Le
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PABLE IV (Continued)
RUN Vv (Contimaed)

~

Impellers Orif. Hold Line Curr. Shaft Air_Rate F Power Average HP
~Eo.Lon?th ("Hg) up Volt. (amp) r.p.m. (£3°/min) (ft/sec) Output Cont.Time VF
(" (") 76°F,1 atm (R.p.) (Bea/f%)

3 13 6.00 .9 230 3.4 2997 2.00 0674 .100 1.1l 3.0
mooom 3.40 .8 230 3.4 2997 1.50 . 0505 100 1.32 4,0
"ooon 1.86 .6 230 3.4 2997 1.00 - 0337 .100 1.48 6.0
noom .40 .5 231 3.4 2997 .50 .0168 100  2.48 12.0
oo 0 0 230 3.5_ 2990 0 0 .150

4 1g 6.00 1.1 230 3.45 2990 2,00 .0674 130 1.36 3.9
noo 3.40 1.0 230 3.48 2990 1.50 . 0505 130 1.65 5.2
mooou 1.55 .7 2830 3.45 2990 1.00 . 0337 130  1.73 7.8
wooon .40 .5 230 3.45 2987 « 50 .0168 130 2.48 156.6
noon 0 .l 230 3.5_ 2978 0 0 «150

1 13 6.00 .5 230 3.45 2990 2,00 20674 .130 .62 3.9
7= 3.40 .4 227 3.45 2990 1.50 <0506 <130 .66 5.2
" 1.55 .3 227 3.45 2990 1.00 « 0337 .130 o 74 7.8
mooo .40 .2 230 3.45 2990 .50 - 0168 «130 .99 15.6
" n 0 0 230 3.45 2990 0 0 .130

2 1% 6.00 .7 230 3.45 2990 2.00 .0674 <130 .86 3.9
mooo 3.40 .6 230 3.45 2990 1.50 - 0505 .130 .99 5.8
moon 1.55 .5 230 3.45 2990 1.00 . 0337 130 1.24 7.8
oo .40 .4 227 3.45 2990 .50 .0L68 .130 1.98 15.6
mooom 0 .1 230 3.5_ 2980 0 0 .150

s 1% 6.00 1.0 230 3.45 2990 2.00 <0674 130 1.24 3.9
" . 3.40 .9 230 3.45 2990 1.50 .0505 «130  1.49 5.2
noon 1.56 .7 230 3.45 2990 1.00 <0337 130 1.73 7.8
mooo 40 .5 230 3.45 2990 250 .0168 130 2.48 15.6
noo. 0 .1 227 3.5 2972 0 0 «150

8¢
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TABLE IV (Continued)

e RUN V (Continued)
.
Impellers Orif. Hold Line Curr. Sharlt AirBRate ¥ Power Average HP
No.Length ("Hg) up Volt. (amp) r.p.m. (f3~/min) (ft/sec) Ovutput Cont.Time VF
(") (') 76°F,1 atm (h.p.) (sec/Et)
4 l% 6.00 1.2 228 3.5 2980 2.00 « 0674 <150 1.49 4.5
" " 340 1.1 230 Seo 2980 1.50 «0B0b «180 1.81 6.0
" " 1.55 1.0 230 3a9 2980 1.00 Q337 «150 2.47 2.0
" " 40 «7 229 2.5__ 2980 « 50 0168 =150 3.48 18.0
" n ¢) .2 229 3.55 2960 o 0] « 180
1 2 6,00 «0 230 2.45 2992 2.00 - 0674 «130 .62 3.9
" " 340 «5 230 Se4D5 299b 1.50 - Q505 « 130 «82 5.2
n " 1.556 «3 230 3.40 2995 1.00 «0337 120 .74 7.8
" " «40 «2 230 2.4 2987 « 90 .0168 « 130 «29 15.6
n " C QO 230 3.4 2937 8 0 +130
‘ 2 2 6.00 «7 230 3.45 2987 2.00 0674 « 130 .86 3.9
i n n 3.40 .6 230 3.4 2987 1.50 « 0505 130 99 5.2
é " " 1.556 «0 230 3.4 2981 1.00 « Q337 « 130 l1.24 7«8
| " " «40 .l 230 3.4b 2981 «50 .0168 «130 o5 15.6
[ n " 0 «1 230 3.0 2971 &) O « 180
i 3 2 6,00 1.0 230 3¢5 2971 2.00 « 0674 «150 l.24 449
! " " 2840 «8 230 3.5 2971 1.50 « 0505 «150 1.32 6.0
" a 1.55 «6 230 3.5 2971 1.00 - 0337 «150 1.48 2.0
" " « 40 <S5 229 3.5 2971 .50 . 0168 2180 2448 18.0
" " 0 «1 229 3.6 2937 O 0 « 310
4 2 6.00 1.2 230 36 2970 2.00 <0674 « 210 .49 6.3
n " 240 1.0 230 3e6 2970 1.50 «0b05 « 210 1.65 8.4
n n 1.58 «9 230 3«6 2970 1.00 « 0337 - 210 2.22 11.2
n " «40 .8 230 3.0 2960 « 00 » QL 68 «210 3.96 2082
" n ) .2 230 3.8 2940 0 0 « 290

62
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TABLE 1V (Conbtinued)

RUN V {(Continued)

~m————

Impellers Orif, Hold Line Curr. Shaft AirZRate w Power Average HP
Ho.Len?th ("Hg) up Volt. (amp) r.p.m. (££9/min) (£t/sec) Output Cont.Time VE
(" (") . 757,11 atm (hop,) (sec/Th) _
1 2% 6.00 «4 238 3.46 2985 2.00 0674 «130 .49 3.9
n " 3.40 +4 228 3.45 298bH 1.5G6 . 0H05 « L30 .66 S.2
n " 1.55 3 3239 3.4 2985 1.00 <0337 « L30 T4 7.8
" " » 40 2 326 3.40 2985 « 50 Q0168 « L30 .99 15.6
" " 0 0 226 3.45 2971 0 0 . 130
2 Y 6.00 <8 226 3.5 2965 2.00 6674 150 «S9 4.5
" " Se40 «5 226 5 I 2965 1.50 .0B0Ob <150 « 99 6.0
“ n 1.55 .5 2286 3.5 2965 1.00 . 0337 150 1.24 9.0
n " « 40 4 2326 3.0 2965 «50 . 0168 « 150 1.¢98 18.0
" " e Q 226 3.6 23948 0 o « 210
3 2% 6.00 1.0 226 3.0 2860 2.00 0674 « 210 l.24 Cad
" n 3.40 «3 226 3.6 2960 1.50 . 0505 « 210 1.32 8.4
" v 1.53 .8 226 3.0 2960 1.00 «0337 « 210 1.97 11.2
n " «40 .7 229 3.6 2960 .50 .0168 « 210 3.48 25.2
n n Q .1 229 3.9 2928 Q 0 0 385
4 2% 6.00 1.3 230 ST 2945 2. 00 0674 «25C l.61 7«5
n " 3.40 1.2 23 3a7 2945 1.50 - G808 0 20C 1.98 10.0
b " 1.55 1.1 230 37 2946 1.00 . Q337 - 2950 2.72 156.0
" n o 40 -2 230 2.8 2945 «OC -.0168 « 290 4,46 34.3
w u O ° 2 230 4- 2 2912 O o ® d.‘ls <
1 2% 8,00 .0 230 3.0 3013 200 U074 .150 o 74 440
" " 3.40 .8 230 3.8 3013 1.50 . 0805 «180 .82 6.0
n n 1.55 -4 230 3.9 3013 1.00 - 0337 .150 - 99 2.0
" n « 40 .3 230 300 3013 .90 .0168 .150 1.49 18.0
" " Q 6] 230 3.5 3Q008 Q 0] « 100




TABLE IV (Continued)
RUN V (Continued)

impellers Orif. Hold Line Shaft AirsRate ¥ Power Average

No.Len§th ("Hg) up Volt. r.p.m. {£t°/min) (£t/sec) Output Cont.Time VF
(" (") 75°F,1 atm (hep.) (sec/ft)

2 2% 6.00 1.0 230 S« 6 2005 « 0674 «210 l.24

" " 3.40 «8 230 Sab 2996 - 0505 « 210 1.32

n " 1.55 «6 230 Jeb 2996 « 0337 « 210 1.48

" " « 40 «4 230 36 2988 - 0168 « 2310 1.98

" " 0 Q 230 3«8 2964 0 « 290

3 2% 6,00 1.3 230 3.8 2970 <0674 « 290 l.6l

" a 3,40 l.2 230 3.8 2970 « 0505 « 290 l1.98

n n 1.55 1.1 230 3.8 2970 « 0337 « 290 272

i " « 40 «7 230 369 2960 - 0168 e B35 S5.48

" " 0 <1 230 4.2 2937 0 «415

4 2% 6.00 1.5 232 4.0 2957 0674 « 360 1.85

n " 340 1.3 233 4.0 2957 « 05056 e 360 2el4

w n 1.55 1.2 233 4.0 2957 <0337 « 360 2.97

" " «40 1.0 234 4.1 2948 . 0168 s 390 4.96

n " 0 .o 230 4.5 2914 ] « 485

1l 22 6.00 <9 234 35 2995 - 0674 «150 l.11

" " e 40 .8 234 a8 2995 - 0505 «150 l.22 6

" " 1.55 7T 234 3.5 2995 e 0337 «150 173 9

" " « 40 «O 234 3.5 2995 .0168 «150 2.48 8

n n o 1l 234 3¢ 6 2982 0 «210

2 232 6.00 1.2 233 3.7 2972 . I674 .250  1.49 7.5

" " 3.40 1,1 233 3.7 2972 - 0505 « 250 1.81 10.0

" " 1.55 1.0 234 37 2972 « 0337 » 250 2.47 15.0

" " «40 «7 234 4 2972 .0168 « 250 3.48 30.0

n " ¢) 1l 233 4.0 2950 Q =560
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TABLE IV (Continued)

RUN V (Contimied)

Impellers Orif., Hold Line Curr. Shaft AirBRate r Powery Average HP
NHo.Length ("Hg) up Volt. {(amp) r.p.m. (fg /min) (ft/sec) Output Cont.Time VF
) () 75°¥,1 atm (h.p.) (sec/ft)

3 23 6.00 1.7 235 4.0 2956 2.00 .0674 .360  2.10 6.3
" # 3.40 1.5 235 4,0 29566 1.50 « 05056 0 360 2.48 14.4
n " 1.66 1.3 235 4.0 290566 1.06 « 0337 « 360 3«82 2l:6
" " «40 .9 234 4.0 2940 «50 « 0168 « 360 4046 43,2

n " 0 o2 234 4.5 2910 (¢) 0 « 485

4 2 6.00 2.0 2332 4.3 2920 200 « 0674 440 Se48 13.2
" " 3.40 1.7 232 4ad 2920 1.50 « 0505 440 2,80 17.6
n " 1.55 1l.4 233 4.5 2920 1.00 0337 « 440 3e b 2604
" " «40 l.1 233 4.3 2910 « 00 20168 » &40 .46 52.8
" " 0 «4 233 4.7 2881 0 O « 025

1 3 6.00 « 7 333 3.6 2981 200 «0674 e 210 286 Ged
n i 35.40 &6 234 3.6 2981 1.50 - 0505 210 e 99 8.4
" n 1.565 5 235 3«6 2981 1.00 0337 <210 l.24 12.6
" " «40 a4 235 3.6 2981 « 50 20168 « 210 1.98 2H.2
" n 0 0 233 3.6 2970 0 0 «210

2 3 6.00 1.5 234 3ae9 2955 Z2.00 « 0674 - 020 1.85 9.8
" " 5,40 1.1 234 5.9 29565 1.50 . 0505 « 33D l1.81 13.0
n " 1.5 1.0 236 4.0 29556 1.0C R LICY « 360 2.47 2l.6
" " « 40 -6 236 4,0 29565 « 50 -0168 « 560 2. 98 43.2
" " 0 oL 235 4.2 2935 0 0 « 415

rad
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PABLE IV (Continued) i
Sample Caloulations: j
§
The mechanical transmission frioction of the gas-liyuid contactor had 'g
changed between the time that the ammeter was calibrated and the time that these !
above tests were made. Uo load tests were made to check this, and the ammeter E
| §
reading corrections are listed below: {
Lrive Ratio Approximate Original Observed Correction i
r. P. M. Ammeter Rdg. Ammeter Rdg. (amperes) |
(amperes) (amperes) i
Disconnected 1800 3.3 3.1 -3 |
1.71 2500 3.4 B.2b -«1b ;
: 2.56 4500 D.5__ 3.3 ~e?
These corrections are used on the ammeter readings of this data.
- Take the next to the last row of figures in Fun V as an example:
Cross sectional area of tank is measured to be .450 sue “eet -
From the orifice calibration curve .40 "lig gives .50 cu. £t. alr per minute
: at 75°F and 1 atmosphere.
F=r—290__ - _ 0168 feet/second
! 60X. 495 eet/sccon
f Power Output is read from the ammeter calibration curve with the correction
mentioned above. In this case read 4.15 amps. for 4.0 amps. >
&
|
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TARBLE IV (Contimied)

Sample Caloulations (Continued):

_h__.6 .
e:F = ~295%. 0168 .298 seconda/foot
%: .4952?8168 =43.2 h.p./(ou.ft.) (rv./sec.)




V. DISCUSSION OF RESULTS

The power requirement testa without the addition of
air were used to test for turbulenge of agitation. In order
that this be done the functions, ﬁ§§;§ and HLz, were com-
puted for each reading. HL? was used in place of the modi-
fied Reynolds number, %%;Q, beeause/a and/A/ware constant in
this work. ﬁ%%@g was plotted against NLZ on log-log coordi-
nates., This plot is shown in Graph 3. It will be noticed
that the woints form a line that has a slope of approximately
negative unity, whieh 1s strong evidence that even at the
high impeller speeds used, only pure viscous agitation was
obtained. This is entirely possible, sinece the impellers
wers only .047 inches in diameter and were oircular in oross
section, thus approaching & sireamlined shape. Another
point to notice is that the power consumption per unit vol-
ume under these sonditions was also much greater than that
obtained with impellers moving at much lowsr gspeeds and
with turbulence (1,5,6,7). Under ordinary conditions of
low impeller speeds the consumed power has been found to be
less than .1 h. p. per cubic foot, while in these testis it
wag of the order of one h. p. per cublic foot.

The data from the power reyuirement tests with the

addition of air were used to compute the average contact
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time, 9, and the horse-power funstion, %%. The average cont-
aot time was then plotted against the horse-power function
on log-loy 6oordinates for a constant number of impellers
and impeller length. Iour illustrations of these plotis are
shown in Graphs 4 to 7. 'The eyuation constants, C and n,
were measured in each case and are listed in Table V. These
plots gave a means of comparison of the performance of the
high speed equipment used in this work with $that of equip-
ment operated &t ordinary speeds less thun 1000 r. p. m.

The slope, n, of these plo%s stayed essentially .5, but the
value of the intercept, ¢, varied both with impeller length
and number of impellers. 'This intercept, C, should be e
measure ol now economically the eynipment operuies with re-
speet tc power reyuireu for given contact time. The value
of C varlied from .28 £o .80 and compared poorly with values
of C obtained Rushton, dack, and Foust (5) using turbulent
agitation &t ordinery speeds. Their velue of  was approx-
imately 1.5, waich meant that it took ten times as much
power with the high speed equipment for a given average
oontact time.

An attempt was made to correlate the variation of C
with the other variables. However, the values of C were
rather insccurate in this work, since extrapolation was
required to obtain them, Consequently it was decided that
the values of @ where §F 1a equal to ten instead of unity
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TABLE V

: ’ YT EQUATION CONSTANTS FOR THE RELATION BETWEEH
. AVERAGE CONTACT TI:iF, ©, AND HORSE-POWER FUNCTION, %%

' _ inpeller 1 impeller |2 impellers |3 impellers |4 impellers
: ength ‘

(inohes) | I* ¢ n | 1 ¢ nl 1 ¢ nl 1 ¢ n
) 1.85 1.82 1.86 1.82

y , 1 Ny o 16 75 « 60
. 'Y o 48 @ 38 -] 59 ] 4’8
% . ' S ' | 1,85 1,42 1.63 1.80
1% 047 o:z)b 060 o70
v ) ’ @ 45 ® GQ e 4.3 ? 41

Py

g 1,05 1o40 1o 75 2,08
i 1% 028 042 .57 <50
.V 259 052 .49 «62
.97 1042 1.59 1.37
2 31 .40 .53 .56
| , 51 .55 - 69 .53
| 1.03 1.60 1.78 1.93
* L ! 2; 030 05'7 048 052
; 55 .63 57 <57
i | 1.er 1.66 1.72 1.72
; 2 .36 62 46 206

[ o | o B | | 255 043 .58 +50

1.70 1.76 2,25 2.12
21 .50 43 80 .58
054 061 045 .5b

1.26 1.73
_ | 3 o33 .7
[ . Do S NPT a S ) 206 «39

f Py DR G i S ERRI N R I R S
{  - : o ‘ Crs ' ' *1 18 the value of © when‘%§ equals ten.
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should be naed, since no extrapolation would be necessary

with this intercept. When this was done, an interesting

result was obtained. These intercepts were found to pasas
through 8 minimum as the impeller lengths inoreased. In
other words, the power consumed for a given contact time
passed through a minimum. No explanation has been found for
this. In Graph 8 this intercept has been plotted sgainst
impeller length keeping the number of impellers constant.
With one impeller an almost perfect parabola is formed, but

with each succeeding number the effect becomes less and less

until, finslly, with four impellers it is hardly noticeable.
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VI COKRCLUSIONS

The principal fact to be derived from this work is
that gas-liquid contacting with high speed thin impellers,
a8 carried out under the conditions of the above experiments,
does not compare favorably with that carried out under the
more conventional conditions of larger impellers and speeds
less than 1000 r. p. m. This work has shown that mere im-
peller speed is not enough to break up the gas bubbles and
inorease contact time, but that turbulence is required, and
since the impellers used herein caused only viscous agita-
tion, they did not show good performance. Such findings
suggest that the search for more efficient gas-liquid con-

tacting be made at lower impeller speeds.
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