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This technical bulletin includes general information
about Penberthy Circulating Tank Eductors with

specific details for selecting the proper umit. The
Penberthy CTES covered in this bulletin are used for

mixing a variety of liguids in open or enclosed tanks.
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introduction and operation

The advaniages ol using CTEs
far mixning

Penberiny  Circulating Tank
Eductors (CTE) provide an ef
fective way o mix lguids in
open or enclosed lanks. They
produca an intimate mixing ac-
N belwean the Compsomnenls
ol a liguid, while Eeeping 1he
contenis of the tank in con-
slant molion. In many Ccases
they produce a mixing action
that cannof be Juplicaled us-
ing mechanical methods. CTEs
can handla a varialy ol wiscos-
ities and types ol liquids, in-
cluding shurrias and Suspen
signg. Theair !hl:ll'-:'i-u-l;lh I"I'Iil.i"l-l;
action makes themn especially
useful for maintaining uniform
liguid characienslics (hrough
Ul The tank contents, such as
lemperalure, pH, or solids dis-
tribtion. The CTE is also used
1o prevenl separalvon of non-
mixable liguids or stratification
of liqguids having different
specilic gravilies.

Penberthy CTEs ofler low in-
itial cost, light weight and easy
installatign, They are inherant-
Iy nonclogging and with no
mowing parts, require litkle or
mo  maintenance. Penberihy
CTEs allow the wuse of a smaller
recirculating pump than nor-
mally would be needed 1o mowve

a given wolume of liguid. This
saves onargy while providing
more elfective mixing and cir-
culation. They are available in
malerials o suit a wanely of ap-
plications in load, chemical,
refining and other process in-
dusirias

How CTES work

A predetermined amount of i
quid [called uﬂeral-np Nukd] is
pumped ihrough a header o
one or more CTEs submerged
insida tha lank. D«EﬂEI’Iﬂlﬁﬂ
upon  the application, the
operaling Husd canm be liquid
drawn from the tank, or it can
be a second liguid irom
angther source Thal is o b
mixad with the tank confenis
Az Ihe oerating fluid laaves
the nozzle ol the CTE, i1 en-
frains material from fha fank
The aperahing fluid and an-
trainad matarial are thoroughly
mizgd insde the parallel sec-
fion of the CTE belore being
discharged. Tha discharge
llow, or plume, continues Lhe
mixing and agitation of the li-
quid throughauwl the Lank
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Model CTE

CTE DIMENSIONS ininches (cm! — Table 1
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4 12 (11 .43 1 34 (4.45) A NPT male

] {15.24) 21 (572 14 NPT male

714 (1842) k | [ &2 1 12 NPT female
11 104 (28 58) 4 104 T80 2 HPT lamale I|"i
19 38 (4923 B 12 (Tasn 3 HPT temalp
4 {8 6] BLE (2120 4 150 Ib BF Nange
52 (132081 12 38 (3208 G 15010 RF flanga
BE IFRIA 16 NE [41.60)

B 1501b RF flange




design considerations

Turnover rale

The rale at which fluid in the
tank sl De comaletaly turned
over will determing the overall
capacity of the CTEs needad
When the inlel pressure sup
pled to the CTE is within a
ranga of 20 to 70 PSIH{133 10 483
kP&l thres gall-;:-r-a of lank can
tenls can be mixed for avery
gallon of operaling fluid pass-
ing through the CTE. That is
the volume of fluid discharged
from the CTE will be four limas
greater than the wolume of
operating Fflukd entering the
CTE inlet.

The ratio of tank contents that
can be mixed lor gach gallon of
oparating fluid will be approx-
imalely 2.6:1 1af pressuras oul-
side the 20 1o 70 PS1{108 to 483
EFa) range, listed in ihe capaci-
ty chart on page 4.

Fluid viscosity

In fluids such &as waEler or
mingral oil (Mewionian fluids),
the length of the CTE discharge
pluma increases proportionally
with increased operal ng fluid
prassung. Flow will be evident
one fool away from the CTE
discharge for ewery 1 PSl ol
prassung drog across the nog-
Zle (ar one malar away [or every
23 kPa prassure drog)

{ + Rl AP = P51

I P AP kP

Lo

&n approximation of the dis-
charge plume lengih can be ob
tained by substiluting operaling
Nud pressure for 4P in Lthe
aboven relationships

In some Nuwds (dilatent), the
length of the discharge plume
decreaseas as the operating
MNusd pressure is increased. In
s1ill other fluids (hisotropic)
very lillle MNow will be evident at
the CTE discharge wntil the
operaling Nl pressure o5 in-
creased beyond a critical value,
after whigh flow increases
rapidly. Il necessary, conlacl
the faciory lor assislance whaen
dealing with swch fluids

Tank shape and size

Tank shage and size inlluence
the placemant and number of
CTES reguired 1o assure @wen
agitation of tha entirg voluma
ol Hlwid. A spherical lank with a
single CTE mownted as shown
in 1he illustration makes ihe
sl use of the mixing and 1low
characteristics of the CTE. With
N corners to impede Huid How
Ihe fluid circulales evenly and
naturally. & single CTE will
aften be sullicient 1o circulale
the gntire tank contents

Thar angular intersection of s
faces in cylindrical, squara or
"E-\."'[al'il:.ll.ﬂdl Lanks Can interrupl
fluid flow palterns and cause
fluid stagnalion in these areas
A single CTE, mounted as
shown in the illustration, will
tend to minimize this effect
However, mulliple CTEs can
often produce more efficient
maxing whean using these lank
shapas

Long. mafrow fanks such as
tank trucks or railroad cars,
normally regquire mullipla CTEs
wihien the ratic of thair length Lo
diameler is greater thanm 21
This applies 10 hodizontal oF
wariical  tanks and  lor  any
shape of lank cross seclion

Largar fanks of any shaps may
reguire multiple CTES 1o main
tain agitation in all parts of the
tank

il I greates than 2
d

Plam and elevalion views ol spherical, cylindrical and square lanks

Discharge plurme



selection and installation

CTE selection

Lelect the capacity of the CTE
in table 2 based on ihe umover
righ requingd. The tobal wolurne
of lguid mixed par minule will
be approximately four imeas the
capacity of the CTE shown in
iz Rk

One CTE handling the entire
capacity can be used, or the 1o-
tal capacity can be divided
among sevaral CTES, as appro-
priate.

EXAMPLE:

capaoity requined - 1200 GPA (454 mY
mrin cperatrg Pusd Mo
usa ong CTE & @ 40 FSI (278 kPa) o
s 5l CTE 3 & 30 PSI 207 kPa) o
wse s CTE 2 @ 100 PSI 53 kPa)

{yielcds lpnager phoe)

The use of multipte CTES should
be considerad when ong or
mazre of the following condiions
are present-

= dilatem Auids arg smohad and
operating flusd pressure ax-
ceeds 50 P51 (345 kPa).

= (i fank sices meet al 90° or
lass.

« the 1ank is large and the re-
quuired length of dischangs
plurme axceads the capacity of
the CTEs availabla.

= a long, narrow tank has a
Iy b cliarmeter ralio
greater than 2-1.

Installation

CTEs can be spaced and
maunted in any position io suit
the application. The swpply Ene
and manifold piping must be
sized to supply adaguabe pres-
sure agually io each CTE.
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CTE CAPACITIES - Table 2

PRESSURAE DIFFERENTIAL - PSI (kPa)
|

SIZE | 10 20 30 a0 50 60 70 80 20 100
(69) | (138) | (207) | (276) | (345) (414} | (483) | 552) | (621) | (669)

VR 7 10 13 14 % | 18 1% 20 22 23
o (027 | fosd) | fodd | (oS3 | (o6Y) | (oRE | (073 | (0S8 | (083 | (087

12 1 15 19 22 24 27 20 a1 33 34
(042 | (057 | fora) | fo8s) | foen | g | g | 1@ | qr28 | (18

24 15 21 26 a0 34 a7 40 43 45 43
rosm | pore | oo | g | g | grw | prm | pre | crm | pm

1 23 32 0 | 46 51 B 61 & fi e
o | g2 | s | £ | e | f2n | 2 | 29 | fam | c2D

-2 | M 43 53 &1 fi s | ; &7 az o7
£ 12 £ TEl . P ] (L) £ i &1 {35) £37

2 E1 BE 105 121 135 148 160 17 182 192
(2 | (3 | pe | (8 | 50 | ise | cen | cem | ce® | i

3 143 203 248 | 208 220 51 479 405 430 453
is0 | frm o | s | prom | pren | pram | pra® | orsm | &y |

4 51 ang 438 503 553 B16 B 20 754 o5
(85 | ra | frEs | e | @2 | 2 | 28 | @ | 285 | @on

& 602 851 1042 | 1203 | 1345 | 1473 | 1591 | 1701 | 1805 | 1902
bt 228 | (222 | @) | a5 | sow | 558 | ol | Eed) | B8V | FAY
8 005 | 1422 | 1741 | 2010 | 2248 | 2462 | 2660 | 2843 | 3016 | 3179
ey | sam | @sw | @6y | @5y | @3 | (1007 | (1078 | (1142 | (1204

The flow rates shown ang
based upon waler (3G 1.00)
as the motive bguid. To adjust
i values for liguids with &
different specific gravily, use
the following formula:
[«{1+5G of actual motive kg-
uld]] x table value.

The prasswne diferantial (AP)
shown on the table is the AP
across the CTE, not your
pump. The AF equals the
mative inlet prassura {Pm)
minus the discharge pressure
(Pd).

The discharge pressure is the
static bouid pressure in the ves-
sal assuming the vessel is
vaniad o atmospheara, (S loe-

‘ === i‘lll.'ﬂ -

b

=

Typical multiple CTE installation lor mizing iwo liguids

mula below). If the vessel is pressurized, the Pd is that value plus the static lquid pressung
iLiguid height x specific gravity) = 0.43 = Pd

For mixing applications, one psi of AP produces one faol of effective discharge plume lengih.

For sofids suspension applications, one psi of AP produces six inches of efflective dischanga

plusme lendgli.
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