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I. HIGHLIGHTS

A major porvion of the tifie spent on trds project ror tnis quarter

involved ordering the equipment required to construct tne 13 incn dfside

diameter column. The superstrocture for this column ras been constructed
and all major egquipment nas pesn ordered. Tne acrylic colwih is now
being machinea and assembled. TeSts-nave been . performed . on the $ix -dnch
column, using air ano water o help .getermine a procegure Tor -Hoiguwp
measurements. A non-Mewtonian fluid nBas been selscted for imitis
experiments. The pseudoplastic Fludg will be a mixture of

carooxymetnyleellulose ana water.

II. OBIECTIVES

Tnete are tnree major objectives for this proposed sctudy. These

objectives are basic to tne understanaing neegeg to develop a . rationale

for scale up in bubble columns. Tris wngerstanoing is the Key To
Improving our scientific and technical unoerstaraing oFf the funosmentai
process invoived in complex tws @ng trifee phase tiows.,

These objectives are:

1. to properly characterize. {wo phase flow patterns in the region
of interest that direct coal Jliguefaction reactsrs will be
operatad. )

2. to cnaracterize for wviscous  liguios, Newtonian and

non-Newtonian, the flow regime boundaries in the operative




region of direct coal liguefaction  reactors. e
chatacterization would dncluge both: -empirical and tneoretical
mogels.

3. to develop empirical expressicn for the noloup in the fiow
regimes of intecest. This objective wouid focus on
non-Newtonian liquids that Tollow Somz2- eleméritary wisoels for

constitutive bahavior.

II1. EQIPMENT
A. 6 INCH ID COuLUMN

A sir inch inside giameter clsar afrylic colomn with sn overard

height of about twenty feer was .availaple at the -beginning -of ‘this

resesrcn program. Accessories avaiiable dncloded -meters, Tilters tanks.

and @ pump. New manometers are oeing .auded to dimprove the ability to
measure axial and totsl nolaup in e ‘Column. Figufe 1 i$. & scriematic of
the 6 incn system. Much of the piping-was. converted to copper tuping-

8. 13 INCH U0 COuUMN

A thizteen jinen inside ciameter coluin of clear acrylic witn an
overall neight of about twenty feet is presently peing constructed. The
column, structure, flow meters; centrifugal pumps, tanks, pressure
regulators, control valves, filters, fubing, -and gas cistiibutors, mave
been received. Tne superstucture Has-Peen @assefpled. 1he column is. riow
being machined ana assembled. The construction should oe  completen
shortly. 1Initial tests will be witn air -and water. This will allow

comparison with literature values..of holdup. & scrématic of the. coludn

is pesented in Figure 2 and a layout of the equipment is presented: in.

Figure 3. The purcnased equipment }ist. is-presertea in Tabie 1.
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IV, SCLECTION OF A-NON<NENTONIAN -FLUID

A non<Newtordan fluid for 4nitial measurements of holowp in botn
columns has been selecteo. The Tluld ds a solution of a polymer,
carboxymethylcellulose, in water. The: corcentration of ONC wilil. be lgw.
The agqueous solution is -a.psejSopldstic 4ng-ecan be doscribed -either witn
the power law-fitgel 7

or with the €llis angel

- gvy = (a + o] -!-;y-;t‘;{h-'-’is (2
The parameters f‘eg'thase mogels. can be found. i tne literatufe and are

presentea in Tables .2-ang 3.

V. EXPERIMENTAL SET UP-DESCRIFTION

The schematic diagram-of ‘the-expetimental Setup  for the 6" column is
depicted in Fig. l. The buople .column is constructed of plexiglas ana
its Inside oismeter is OQui524m(s") with a wall ¢hickness of
0.0127m{1/2%}. The total height. of the .column is 5.32m, cohsisting of
four 1.23m sections flanged togetner. Tre ges oistribution Sysiem
occupies 0.1524m of the column, making tre errective neignt of the column
equai to S.17m. A total of eleven pressure taps ate in the column; the
lowest being 0.10l&m(&™) above -the Qis¥ributor. The distances. getwsen

the bottom five taps is .0.3048{12") :and tne remaining-pressure taps are.

0.6096m(24") apart. This enables the stuay of 1ocal foldups The
pressure taps have been drilled. -with -great csre to Teguce passitle
velecity nean effects. A 0:@W{1/32") nole has been dgridied in zre
column wall and the dnfier surface ‘polisned to temove any bufrs (eliminate

velocity ang friction heat effects). The tappings. are ali connectss to.a
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manoaeter board by means of flexinle polyprupylene tubing. Tne
manomelric board consists of 10 U-tube manomerers filled with a mano-
wetric oil as the manometric fluid. Théconnecting lines are filleo with
the column liguid.

Air 1is supplied by ean existing ocodpressor through a pressure

regulator, air filter, rotameter, and-a:control valve to regulate tne gss.

fiow rate. Tap water is pumped fiom-a - 0:3785a (100" galdon) tani,. -chrougn
a water filter, control valve .anp-&-frotameter. Air enters the -column at
the bottom, tnrough tne gas distfibuting tegion. Tnree differsnt

positions for the liquid entrance -ditectly to the columin -are Jotatés

The air-water mixture flows wup-the - Column, and . tren into a. gaseliquio

separation tank, where the air is .vented and: tne: water recirculated: back

entrance (botn air and -water) a&nd exit Section of the column. Tre air
rotameter has been calibrateg using.an-air flow . meter, while the water
rotameter has been calibrated by collecting the water ir & tank for a
specific time and measuring its volume.

the gas distribution system, consists of a conical section ‘packed
with 3.5mm oporosilicate glass Geéags, and a OC.lZ/m(5") giameter
distributor plate placed on top. Tré-distrioutor plate is fitteg, so-a@s
to make sure air enters only through the aistributor plate, and not
through the side of tne plate. Air entering from the sides, usually in
the form of big bubbles, disrupts the flow regime, especially in the case

-ofuniform-bubbling.
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VI. SXPERIMENTAL PROCEDIRE

Tne experiment is started by filling the column with water, and
flushing the comnecting lines (to- trhe -manometers) to. get rig. of any
existing air bubbles. The lines- dte ther colinented 1o the mErmerers.
Before the mir is pubpled through-the column,. there snould be no pressure
differer.:e¢ registered by thie mnmeters, as- tne density of the - column
fluid and the comnecting lines fluio-are equal. After removing all air
oubbles from tne connecting lines, the -air contiol valve-is. opened; and
tne air pressure regulator set -{o 30psig. The air &nd the-water Tlow
Tates are adjusted to a -desited value' ang the system is. alléwed. to
equilibrate for apout 300 to 600s 6f -wnen . the manometérs .indicates a
steady reading. The air ang water flow cates along. with mRroGmeter

readings are noted. The: temperatire of che dolumi is not. controllen

indeperdently; thos a small témpetature variation can- take.plase ‘during

the course of the work. Since all ‘the experiments will pe. perfories

insice it is expected tnat the ‘tempetature will vary -Betwsen  20:25°¢C.

The experiment will be repeated. foi different liguid flow Tates. arig. also

for no liquid flow. At each liguid rate; seasurements witl -be-takss for

a number of different gas rates. The.gas.-ano liguid flow cates will be

chosen, such that tne superficial -gas -ahd Riguid velocities are in tne
bubble ang bubble=slug flow regime of the flowmap (Fig. 4). Tne fiow
patterns will pe characterized by visual observations.

VII. MANOMETRIC MEASUREMENTS

In case of bpubble columns, with negligible liquid flow, ie.
neglecting velocity and friction heao.effects, tne variation of pressure
with peignt_is entirely due to- hydrostatic-head. -The-hydrestatic-head-is
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measured by using a menometer and can be related to the gas holdup by
taking a static pressure.balance as-shown-below (See. Figure 5)

Pressure drop along the column, entirely die -to hyorostacic head

Pl - 2 = Pm (Zl - 2) g "-n---o--no‘co‘c_-t---o-oe-'-'.-.--------cI
Static pressure balance at point A

Py (-2 P g+ (25-2)P g= Pyedz; —20P, g
Sclving for PL-F

Py =P, = (z; - zZ,)P. a« (z5 - Z,) (PP) G ceenninnno 11
Eguating I and II

ful21 = 2) 9= (2 - 20, g+ (2 - 2) PPy g
Rearranging to give

(zl - 22) (PW’PII!) - (23 - 4) (pm"‘Pw) ".'-".'."D."'-".i."."ll....I..-..‘I'II
But Pm = 'FG EG + P_w -Cl-E_G-} =P, (l—_gG) Since ‘EW”PG
Substitoting in III

E=P'}":P (Z “."',,Z)

Eg = Pg-Py A
-+ 5T
In the Qifferential form

o g

The manometTic measurements of gas holdup wete cmpared. to-measurements -of
“the expanded bed and of the bed with the Flows off ang similar results

were found. See Figs. 6 .ang 7.



Naime
1} Aerylic Column

2) Dexion

3) Liguig filter
with Cartridges

4) Plastic Tanks

3) Pressure gauges
&) Centrifugal pumps

7} Lontrol valves
8) Manometers
9) Red Fluid

10} Pressure
Regulator

11) Rotameter parts
1 Tube, 1 Filoar
1 Tube, 1 Float

1%) pistributor

13} Air Filter

Number

&

2
10

2

6
2
3
1
10
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TABLE 1
Equipment LISt For 13" Colum

Specifications

13.125" 1.0
52" long

Doutile size. sedi~
ment filter 25w
high, 5% ‘dia.

180 gal

36 gal
0-100 -Psig.
lH_D,- 345 0 Thm
1157230V
e llbv P 55

-

Dome regulstor

Model 4A-202-24-00%

Tube R-EMe25-4
Float-8-LJ-48
20-4000 Tube 4<HCF b
Float 40-3 St. Steel

forous Plates

cle tine-
ole time

oitgiany
Caciliac Plastic

Sedrs.

Terracon
Corporation

Mathesan
.Gelper

CPIcCDntrcls

~Dwyer Institmients.

Tescom

-Carporation
BroKs

Senutte &
Koerting
Carborundum
(Catalog)

{Catalog)

10719781

-dvailatie in

tne-1ah:
L27E5781
12714781

12737781
12717781

I2r22/81

12/31/81

1728782
LrZTrs2

271782
Calleq 4/19/82

Orper Date  Delivery date

Jary. g2

14729782

LiFZ w2

1515782
L/s27782

2/16/82

Snipping oat

B/o/6e

Jan. B2

Feb. Bz

Feb. &2

Caldeg-on
/26782
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TABLE 2
Power Mocel Parameters-For Aqueous.Solutions of omc(l)
At roon Temperature(2)

Composition & . 1]
(weight %) (ibg-gech=ft=2) (camension less)
U.67 0.00634 8.71s
1.5 0:0653 J.054
3.0 B.dz4 0565

(1) Carboxymethyleellulose

(2) metzrer, A. B., fAovances in  Onemical. Engineering,

Vol. I, Acadenic Press; New: Yok {1956) -D. 105.




TABLE 3
£ilis Paramgters For Agueous
Solutions: of CHC At 8507(1,2)

s;xperimﬁntal

Composition Molecular a B i
(Weignt %) weight (cm@/sec-ggne)  (EmdN/secsdyne™) (dmensmrﬂess) { uyne/anz)

4.0 Low 8.1377 0.3211 1.170 8 1o 440
5.0 Low 0.00 00523, 1.337 o to 1010
1.5 Medium 0.4210 0.2724 1.185 & to 30
2.5 Medim 0. 0382 DiuLBl 1.4)2 17 1o 1720
0.6  High 0.2851 00280 1.707 & o 270

{1) Slattery, 3. C., Doctoral Thesis,. University of Wisconsin (195¥), p. 7¥a.

(2) Birg, R. B., Stewart, W. £., and Ligntfast, E. M., Transport Phenomena, Johr wiley
and Sons, Inc., New York, (4580).p. -15. '
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MEAN FLUID
DENSITY Fm
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