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ABSTRACT

A study underway to measure the diffusion of solutes across
the interface of two immiscible liquids requires a means of gently
agitating the interface without violently mixing it. A device using a
vertically reciprocated paddie having variable size, frequency, and
amplitude is described.

RESUME

Pour réaliser une &tude visant a mesurer la diffusion de
solutBés 3 travers 1'interface entre deux liquides non miscibles, 11
faut un moyen d'agiter légerement 1'interface sans produire un
brassage violent. On décrit un appareil wutilisant une pale de
dimension variable qui se déplace de fagon alternative dans 1'axe
vertical et dont la fréquence et 1'amplifitude du mouvement sont
réglables. v
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1.0 INTRODUCTION

Dr. A. Chau, Environmental Contaminants Division, is
commencing work on a project to determine diffusion rates of solutes
across the interface boundary of two immiscible or different density
solvents. Part of the work will require gently moving the interface
in a known and reproducible manner. The MANTEC group was asked to
build a device which would excite the interface with paddles of
various areas, which could be moved with variable frequencies, and
amplitudes.

2.0 SPECIFICATIONS

In conjunction with Dr. Chau, a specification 1list, as
follows, was derived.

Paddle diameter 2.0 cm to 10.0 cm
Amplitude of motion
(1/2 peak to peak motion 0 to 2.0 cm
Frequency .17 Hz to 6.80 Hz
Immersed materials type 304 or 316 stainless
steel
Wave form "Sine wave
3.0 DISCUSSION

The finished unit is shown in Figure 1. Construction of the
frame and structure is of 6061-T6 or 6063-T6 aluminum alloy for
strength and corrosion resistance combined with lightness. Safety
shields are of polycarbonate. '

The operating mechanism is driven by a variable speed gear
motor governed by a Silicon Controlled Rectifier (S.C.R.) controller.

The oscillatory device is a modified Scotch Yoke mechanism
having an adjustable throw and providing true simple harmonic motion,
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unlike a crank mechanism which only approaches S.H.M. at infinite
connecting rod lengths. |

Combinations of materials were chosen which were corrosion
;and chemical resistant, but which were self-lubricating to eliminate
the danger of oil or grease contaminating the experiment.

A variety of paddles were supplied, both solid and
perforated, and having varying stem lengths. Further supplies can be
produced in any shape required if the diameter 1is held to under
10.0 om.

4.0 OPERATING INSTRUCTIONS

The speed of the unit can be adjusted between 10 and 408
rpm, corresponding to frequencies of .17 Hz and 6.80 Hz, by simply
turning the dial on the controller. A full explanation of the motor
controller can be found in the User's Manual included in Appendix 1.
Note that when connecting the motor to the controller the yellow plug
must be oriented correctly and that it is very important that the
green ground wire be connected. The system can be operted on any 115
V grounded circuit capable of supplying in excess of 1.0A.

Adjustments of the throw, one half of the total excursion,
of the stirrer are made by stopping the unit at the top of its stroke,
and shutting off the power. An appropriate allen key is then inserted
through the hole in the rear shield and the Tlocking grubscrew eased
off. A straight bladed screwdriver is then inserted through the top
and used to turn the adjusting screw until the pointer lines up with
the desired throw, mm, as shown on the scale. The allen wrench is
then used to relock the sliding block, and is removed.

Stirrers are held in place with a grubscrew on the vertical
shaft. If glass stirrers are desired, a small piece of soft plastic
should be inserted ahead of the screw and the screw tightened very
gently to avoid breaking them.
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Do not operate the system with any covers removed or with
any damaged electrical cables or connectors. _

Do not attempt to combine large throws with high frequency
operation or excessive shaking will result.

The whole unit can be raised and lowered on its stand to
accommdate various sized containers and it is locked in place with two
swing bolts.

Standard laboratory rods and hardware can be used to secure
it to a bench or steady it as required.

5.0 CONCLUSIONS

This unit has the capability of being used to agitate fluids
from very soft and slow to moderately strong and quick in small
containers.

It can also excite waves at the interface in a large
container if used at slow speeds, especially at resonance conditions.

A variety of special paddles can be mounted to give various
effects in widely differing containers.



FIGURE 1 PHOTOGRAPH OF UNIT



FIGURE 2 CLOSEUP OF SCOTCH YOKE
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REPLACEMENT PARTS ' B

FORM P/N
PRINTED CIRCUIT BOARD COMPONENTS 074 00034
FOR BSH-200 AND ALL BSH-250 SECTION 8005
CHASSIS TYPE CONTROLS PAGE 207
HAVING BOARD NUMBER 431 00037
IMPORTANT - READ NOTES 1 THRU 5 1079
BOARD ' BOARD _ |
REFERENCE DESCRIPTION REFERENCE DESCRIPTION
ct Capacitor - .033 MFD, 50 WVDC, 10% R1 Resistor - 15 Ohms, 2W, 10% (Wire Wound)
c2 Capacitor - .22 MFD, 50 WVDC, 10% R2 Resistor - 6K Ohmis, 5W, 10% (Wire Wound)
Cc3 Capacitor - .068 MFD, 200 WVDE, 10% R3 Resistor - 330 Ohms, 1/4W, 5% (Metal Glaze)
ca Capacitor - Bodine P/N 433 00080 R4 Resistor - 330 Ohms, 1/4W, 5% (Metal Glazo
(Avaiiable only from Bodine) L
) RS Resistor - 100 Ohms, 3W, 10% (Wire Wound)
c7 Capacitor - .05 MFD, 500 VAC
) R7 Resistor - 56K Ohms, 1/2W, 10% (Carbon)
ci0 Capacitor - 10 MFD, 200 WVDC . . ) -
. . R10 Resistor - 6K Ohms, 7W, 5%, Bodine P/N
c11 Capacitor - 60 MFD, 15 WVDC 433 00145 (Avaiabie only from Boding)
CR1 Varistor - Type GE V130LA2 R11 Resistor - 12K Ohrrs, i/2W, 10% {Carbon}
CR2 Diode - Bodine P/N 433 00155 R12 he‘sis,tor - 10K Ohms, 2W, 5% (Meta! Glaze)
{Available only from Bodine) )
R13 Resistor - 6.8K Ohms, 1/2W, 10% (Carbon)
CR3 Diode - Bodine P/N 433 00155 .
(Available onty from Bodine) R14 Resistor - 475 Ohms, 1/4W, 1% (Metal Glaze)
CR4 Diode - Bodine P/N 433 00155 R15 Resistor --475 Ohms, 1 4W, 1% (Metal Glaze)
(Availabie only from Bodine) )
: R16 Resistor - 3.24K Ohms, 1/4W, 1% (Metal Glaze)
CR5 Diode - Bodine P/N 433 00155 _
{Available only from Bodine) R17 Resistor - 5.11K Ohins, 1/4W, 1% (Metal Gilaze)
CR6 Diode - Bodine P/N 433 00155 R18 Resistor - 1.5K Ohms, ./2W, 10% (Carbon'
(Available only from Bodine)
R19 Resistor < 6.2K Ohms, 1/2W, 5% (Carbon)
CR7 Diode - Type 1N4003
; R20 Resister - 9.09K Ohms, 1/4W, 1% (Metal Glaze)
CR8 Diode - Type 1N400S
R21 Resistor - 200 Ohms, 1/4W, 1% (Metal Glaze)
CR9 Diode - Type 1N40OOS i . . .
. R22 Resistor - 3.3 Ohms, 5w, 5% (Wire Wound)
CR.C Diode - Type 1N4003
= R25 Potentiometér - 400 Orms, 2W, 10%
CR11 Diode - Type 1N4003 . .
R26 Potentiometer - 200 Or.ms, 1/4W (Carbén Element)
CR12 Diode - Type 1N914
. R27 Potentiometer - 100 Or ms, 1/4W (Carbon ¢ lament)
) CR14 Diode - Type 1N4003 o
. R28 Potentiometer - 2K On.s, 1/4W (Carbon Elernent)
CR15 Diode - Type 1N4003
. . R41 Resistor - 200 Ohms, 1/4W, 1% (Metat Glaze)
CR17 Diode - Type 1N914 .
. ’ SCR1 Silicon Controlied Re.: fier - Type 2N4188 -
CR42 Diode - Type 1N914 metsl case, or Veccor Type S4008L -
. plastic case
01 Unilateral Swjtch - Type 2N4990 i
. VR1 Zener Diode - Type 1N52358
Q2 Transistor - Type 2N4125 )
] VR2 Zener Diode - Type 1IN52358
Q3 Transistor - Type 2N4123
NOTES:

(1) WARNiING - No work should be performed on the control while the.control is attached to the A-C ‘line.

(2) Normal fieid repairs should be limited to replacing the entire printed circuit board assembly. Bodine P.C, boa:ds are built to compiy to

L. recognition requiréments. If assurance ot continued compliance is desired then all repairs to these boards shouid be done by the
nts and if repairs are not

Bodine Electric Company. If equivalent parts are not used in the repair or réplacement of defective compone
made in a sate manner, then improper spacings and potential fire and/or shock hazards may be created.

i3} The abové parts list is.provided only for emergency field type repairs and then only by qualified electronic technicians using electrically

noéficonducting tools, (Repairs made by persons not'authorized by the Bodino Electric Company void warranty.;

(4) This “’Parts List’’ does not purport to cover all deétails or variations in equipment, nor to provide for every possible contingency to se met
In cannection with installation, operation, of maintenance - and no warranty of fitness for purpose is expréassed or implied. Should furthar
information be desired or should particular problems arise which are not covered sufficiently for the user's purpose, the matter should be
referied to the Bodine Electric Company. } ) ) o

8) The Jssuance of this *‘Parts List’ does not confer to the recipient any license to manufacture under any patents owned or controiied by
the Bodine Electric Company (reference U.S. Patent No. 3,475,672). ' i

ALL DATA SUBJECT TO CHANGE WITHOUT NOTICE ) " Printed in U.S.A.
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