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Abstract

A 10-unit laboratory jar-test stirring device for determining

optimum chemical dosage requirements was designed and built by groups

of the Health Physics Division, Oak Ridge lational Laboratory. For speed

control, a gear shift-controlled drive is provided, which will permit

peripheral velocities of 2.83 feet per second (rapid mix) and 0.71 feet

per second (slow mix). A description of the unit, drawings, material

requirements and estimated cost, excluding overhead, are included.
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EXPERIMEETAL JAR TEST LABORATORY STIRRING DEVICE

Conrad P. Straub* and P.H. Hensley**

Because of the lack of sufficient basic data, coagulant

dosage must be determined by cut-and-try procedures with jar tests

using a laboratory stirring device. Through the use of such a device

it is possible to determine the proper coagulant for a given water,

sewage or industrial waste, the amount of coagulant required, and,

the optimum pH value for effective coagulation. Further, it is

possible to observe the effects of small changes in any of the above

factors.

In his discussion of mixing and flocculation (or coagulation)

Hopkins-'- states that for baffled basins a good floe will be formed by

mixing for 15 to 30 minutes at a peripheral velocity of 1 to 1.5 feet

*

Sanitary Engineer, Public Health Service, assigned to the Health
Physics Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee.

Instrument Maker, Health Physics Division Research Shop, Oak Ridge
National Laboratory, Oak Ridge, Tennessee.

Hopkins, Edward S., Water Purification Control. The Williams and
Wilkins Company, Baltimore, Maryland, l^HQ, Page 10.
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per second. In processes in which mechanical stirring is utilized

he suggests that the initial paddles should operate at a peripheral

speed of 4.5 feet per second (rapid mix) and the final paddles at not

less than 0.75 feet per second (slow mix) for a total time of hO

minutes.

Many types of stirrers have been built for jar test studies;

some have been very elaborate, others very simple. Several commercial

models are available. The data available on three such units have

been tabulated and are shown in Table 1. These units have variable

speed electric motors or rheostat controlled drives. Our experience

has shown that the variable speed electric motor-driven units do not

operate very satisfactorily because of difficulties in maintaining

sufficiently low constant speeds. In addition, the first unit listed

in the table has speeds in excess of those suggested by Hopkins. The

other two units described have operating ranges equivalent to those

that have been givenj however, it will be noted that they, like the

first unit listed, are all six-unit., stirrers.
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Other units have been described in the literature by various

authors2* 3> 4, 5y g^a are similar to those available commercially.

One exception is the unit in use in the Sanitary Engineering Laboratory,

Harvard University^.. This unit, which is used for study purposes, has

six paddles driven by an electric motor with a rheostat speed control.

Under each paddle a lens has been installed to produce a Tyndall beam,

from a light source in the base of the unit, to assist in detecting the

time of the first floe appearance and the nature of the floe. This'

unit has been used as a basis for the design of the unit described

herein which was built in the Health Physics Research Shop.

As developed, the unit includes a two-speed gear shift-

controlled drive for operating the ten stirrers, and facilities for

2Phelps, Earle B. Public Health Engineering, Vol. 1. John Wiley and
Sons, lew York, New York. 1948. Page 459.

•^Cox, Charles R. Laboratory Control of Water Purification. Case-
Sheppard-Mann Publishing Corporation, New York, New York. 1946.
Page 184.

^Davis, Calvin V. Handbook of Applied Hydraulics. Section 17. Water
Treatment by Thomas R. Camp. McGraw-Hill Book Company, inc., New York,
New York. 1942. Page 803.

^Fair, Gordon M. Harvard Notes on Water Supply and Treatment. 194l.
Mmeographed Sheet Number 1249.
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the production of a Tyndall beam through the base of each jar placed

on the bed of the unit. The two speeds selected are in accordance with

those suggested by Hopkins, and experience has shown that they are

satisfactory. For rapid mix (about 5 minutes duration) the samples

are stirred at a peripheral velocity of 2.83 feet per second and for

slow mix at a peripheral velocity is 0.71 feet per second which corre

spond to 216 and 54 revolutions per minute, respectively.

The unit has an aluminum frame, is light in weight, is rugged

and has interchangeable parts. The gear drives may be varied to'cover

other speed ranges where they may be required^, and changes may be made

with ease. A photograph of the unit is shown as Figure 1 and dimensions

will be found in the attached series of drawings (Drawing numbers D899I •

8999). Material requirements will be found on Drawing No. D-9000.

It is estimated that the unit will cost about $325 to $350, ex

cluding overhead.

Acknowledgements

The writers wish to acknowledge the modifications to the gear

housing suggested by Mr. E.W. Davis. These have been incorporated in

the design.
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Table 1

Commerical Laboratory Stirring Devices

Model

B

C

Cost*

$120

$125

$175

Number of

Stirring Units

6

*Cost as given in catalog.
**Assuming a 1 inch by 3 inch paddle.

Drive Mechanism

Vari-speed motor
with positive gear
drive in conjunction
with an electric

speed governor in
stead of rheostat

Rheostat, enclosed
in a metal pro
tective box

Rheostat control

250-1000

15-110
Speed indicated
by tachometer

10-100

QRNL-965
page 8

3.27-13.1

0.197-1.44

0.131-1.31
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#30(128)Drill thru*
"8-32 NC-Z tap 4 holes
Locote in sssemhly
from Item Z3 This sheet

M30LI28]Drill -Y8De~.f <*
*8--2;IC-2 +ap h deep
4 to.'??- Locate frcrr

-1 f-i/ items 33 $34 Duy. D-83S-5

1 • l

*30CIZ8)'Drill thru t
?_8-3Z NC-Z tap 4 boles-

Locate from
Item 26> Dna. D-8996

"301.128)Drill thru t
"8-32NC-2 tap 2 holes

Locate -from
IfemS Dwg.D-8331

~ r

*}0( 128) Drill thru *
*8-3Z hlC-2 tap 4 holes
Locate from
Item I D"f D-8955

71
T •»!-

lam I

•H»

LEFT END BRACKET
Moferial: Aluminum 24 ST
I Required

(22) RIGHT END BRACKET
V_y (Same as Item 8 except

"^rT^ainsffsd^hole 5
in face)
/ Required

'i-

^r<!

it16

$ o.d X.032 if/all
3. Stl. Tubing

*H-
® PADDLE

Material: As shown
10 R&cjuired

FIG.4

Spot Weld

32 Thick Stainless
Steel Sheet

*'18(.169)Drill'thru (*
-countersink for *8 flat head

mechin& screw. & holes

23 } GUSSET
Material: Aluminum 24 ST
2 Required 35 shown
2 Reau/red apposite hand

LABORATORY JAR TEST
STIRRING DEVICE
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*24(.152) Drill thru /
-flO-24 NC-Z tap

2 holes

-&

-Q~

• • I • -

-4--
—U-

40

_?30!.l28)Dr,il Hru 4
Countersink /or *5 t/at
head sere*. IZ holes

o~

7-

TOP
Materia!: Aluminum Z4ST
I Required

39-
_f Drill thru

K> holes

<£"

-^•

/7 ) TOP INSULATOR
Material: Asbestos Sheet
/ Required

FIG. 5

"O
7

i Drill+hru
10 holes

J

-0-

H
H?

H- if"
ir»£

rf

H

ii
on-

X>t w2^/6

03K

-#

+- *.|to

Qg|u

QoK,
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t-

k,"

- i
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(>- -e--

-40-

-e
'•Sfe Drill thru 't
VB-KNC-Z tap
2 holes ,

©gear BEAM
Ma-ferial:AluminumZ45T
/ Rccfuired

#30(.IZQ) Drill thru t #8-32llC-l tap.
- 8 holes(4holes ineach end) Locate
inassembly from Item23 Dvq. D-S393

20

-4b-

~1

S/ \ 5/8Dia.iPef.)Drill t
/_ ream for .002 pnsss fif-

ttit-h Item41 Dtfy.D-8993
• 5 holes

e--

© FROhJT BEAM
(Same as Item. 33 except
OM/T_ 2i/64 hole-)
I Required

"33(03}) Drill "ideep *
-T6-40 HC-2 tap '/a deep-
Locate from Item l6Dy.D-8994

*33l.033)Drill'22 deep 4
-*5-40 HC-2 tap •»/« deep

Locate from Hem 16 Dnro. D-8994

®SIDE
Materiel: Aluminum 24 ST
2 Required

*a/.l39)DrilHfiru4
>/4-20NC-2 tap Zholes
Locate inassembly
from Item 2 this sheet

4 ^*"

Cl4) LEFT END Cz4) RIGHT ENO .
v—s Material: Aluminum 24ST V—' (Same3s Iteml4 excepr

I Required OMIT &.-2Q hole's I
I Required

Jr/L Drill thru
4 holes

"fa Drill thru t
countersink for *8 flat
heed screw. 3 holes.

©IHSULATOR PAD
Material: Asbestos Sheet
I Required

FIG. 6

J-t

*I8(J6S8Drill thru t
i—coun+seefnk for &8 fldi~

/ head scretv1. 4 holes
—- . (1 holes in each end)
/ *•!--

\Li L

- z%rt Drill fhru

L-

tt :b

%

±J 4
lH

gDia. Brass Rod

V *IO-24 HC-2
^-Fillister heed

Screr/t li long, farads

©RING
Material: Brass
2 Required

silver
^Solder-

LABORATORY JAR TEST
STIRRING DEVICE

Qt?.N.L. MARCH 1951
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_*I8(.I&3}Drill thru
Z holes

K2(, ) BACK
' Material: Aluminum Z4 ST

I Required

He(Ret) Drill t ream thru
tor tiqhi fit tvilh
item SI Dwo. D-833Z

©BRACKET
Material: Aluminum 24 ST
I Required

. 5 Tight fit uifh
» Item46 Dr/q 0-8392

It30(.I28)Drillthru*
r-'a-3Z flC-2 tap Z holes

Locate from Item5Z this sheet

*l8(.lt&)DrilHhru t countersink,
•tor "8 flat hsadxrew IO holes.
(4 this side, &back jide)

0 ' T-n

8-^

.252

ur

(48) BEARING
V J Material: Make from "Bost-Bronze"

bearinq. Cat hlo. B-4&-IO
I Required

(60) SPACER
^—' Material: Make from excess

of Item 48.
I Required

Clearance drill {of set jcrers
~jn Item 4i Priq D-8332

^ Free fit with
~~^4 "'Item S3

Dwq.D-8397

Locate from set screwin
Item 46, Dwq. 0-8932Ltf

41 ) BUSHING
Material: Steel
I Required

FIG. 7

l /;

'/z Drill thru t .
"'14, <RS?-) counterbore i oeep 3

" for .0305press fit with 5
Item 45£*p. D-&332, 2hole's.

• —L250 —1 16

*30(.IZ8) Drill Vsdeep
w8-32 HC-Z tap A deep 3holes
Locate from /fern 2& this jheef:

©TOP
Material: Aluminum 24ST
I Required *30(.I28)Drill fa deep

18-32 NC-2 tap '/z deep 3 holes
Locate from Item 2b this jheet

Sfe Driii thru t
2VS2 (Rrf-)counferbore *Ah daep\
for .000 5pi-ess fit h/ilh
/tern S6> Owe,. D-8332

'/l Drill'thruV
"//&(Ref.) counferbone fdeep
for .0005 press tit Nith
Item 45. Dnrq. D-833Z

BOTTOM
Material: Aluminum 24 ST
I Required ,

LABORATORY JAR TEST
STIRRING DEVICE

O.R.N.L. MARCH 1351
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*•!•

JtlTyp.)

ttZ5l.l4S)Drill thru
IZ holes. Locate from
Items 2d, 43 t £4 Dwq. D-8336
in assembly.

- 2,

M t

®PIN
Material: Drill Rod

I Required

&Drill f ream w a/liqnment"
- thru both pr-onqs of fork.
Vqhf fit with Ifem 2S Dkto. DS332

-1

ZSSTSTS'S-]
!/lt, Drill thru
y/6,t45°Chom

both sides

Yu
f- •§*• ITyp)

53 FOR>k
2 Material: Mild Steel

I Required

4'i-

<j> -^

©COVER
Material: Aluminum 74 ST
I Required

\
j-tx45"'Cham.

Both ends.

~.87$—Y~.7S<rM

dE

L .250 Dia. Tiqht fit with
Item 45 Dwq D-8332

©SHAFT
Material: Drill Rod
I Required

M 3 Drill fg Deep
-Free fit with
Item 6 3 this sheet

. %zDia. Tiqht fitwith
I fern 61 this sheet

©COLLAR
Material: Drill Rod
I Required

FIG.8

-.093 Drill ''a deep
Free fit with

\ltem 63 this sheet.

^

[43 GEAR ,
Material: BOSTON GEAR. H-SZ40
I Reauired

3--

~8*k> te^P feytfoy

,Z50 Dia. Snuq fit with
Wi* Flat r item 4$DWq. D-8S32

JEZL
-7-

_.375 Dia. Medium fit with
Item 64 Dwq D-B398

.151 Drill* ream
—for medium fit with

Item S3 this sheet

a

I 6/ ) GEAR
V_^ Material: '80ST0hf"6EARIt32&

I Required

LABORATORY JAR TEST

STIRRING DEVICE
Q.P.N.L. MARCH, 1951
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Flat

1

.315Dia. Snuq fit with
"Item 56 Dwq D-839Z

, 7

31

©SHAFT
Material: Drill Rod
I Required

Qoi-

3=! a1 I T L-I

|-"^~H •*! ^ 8 Item 53Dwq. 0-9337

(59) KEY
V_ 'Material: key Stock

I Required

L

± R. Both Ends

\ ,£ Drill thru
Z4 2 holes

JO ) ARM
Material: Aluminum Z4 ST
I Required

• -L

Flat

BE

9

' 11

~T
£ X45°Chjm. 250 Dia. Trsht fit with

-'%Item 45 Dwo. D-8332

3 Clearance drill tor jet screw
- 4~~~]l in Item 65 Dwq. D-839Z

__ Locate from set screw
in /fern 65 tDwq. OS332

©BUSHING
Materia!: steel
I Required

^H

WASHER
Materiel: Brass

15 Required

©BEARING
Material: Make from "Bosh-Bronze'
beannq- Cot h/o. FB 613-5

/ Required

FIG. 9

.250 —i —

+
115 Medium fit with
'Item25 Dwq. D-8932

J}33 Drillthrufor fiqhf fit
with Item 63 Dwq. D-3397

Mi^r—r T

11U

315 Dia. Medium fit with^ faxfe Keyway Medium tit
Item 59 Dwq. D-8397 ~ with Item 58 this sheet

©COLLAR

Material: Drill Rod
I Required

-I* 1
y ,^3 —
«1 *

>75 Dia. Medium
fit with Item 68
this sheet

iUIPIP

/7
e£-^:

t—'/i6x'//6 Slot
- s/8-16 NC-Z Thd-

: 67 ) PlhJ
Material: Drill Rod
I Required

j3i.(.lo6)Drill 'Szdeep
*6- 32HC-Z Tap % deep

/ .SOO Drill t ream for
1—.002 press fit with

Item 4>8 this sheet

©SPROCKET'
Material: "Boston" Sprocket CA-24
I Rjfc/uired

LABORATORY JAR TEST
STIRRING DEVICE
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"IT. -M
' L *30(.I28) Drill thn

Jt8-f2 NC-2 tap
"F "1.257)Drill I 'deep

.03s Drill thru
-for tilif fit with
Item '31 Dwq. D-8992

@ SHAFT
Materiel: Drill Rod
10 I.£quired

.626 Drill f ream for
-.002 press fit with

Item 35. this sheet
\~-.IZ5

r

__

r$\ ^\
'/f AT-

•.«* y

Press ffem 35 fAis
sheef inf-o sprocket' —H
be fans milling j/or.

W-.izs

©SPROCKET
Material: "Boston Sprocket CA-24
IO R'eaui'red

SOO Drill 4 ream thru
—for .002 press fit with

Item 30 Dwq. D-8392

©SPROCKET
Maferial:'Bos ton" Sprocket CA-16
4 Required

1Sit.106)Drill '/z deep
'#6-32 MC-2 tap Vedeep

Medium fitw/fh
'Items 35441 this sheet

41 ) BEARING
Material: Make from 'Bost-Bronze'
bearinq. Cat. No. FB 810-8
IO Required

Ai

.312 Drill tream thru
tor medium fit with
Hem 39 this sheet

T—

dR. — Coarse Knurl (Diamond)

®KNOB .
Material: Buntinq Bronze
10 Required

.315 Dia. Medium fit-
with Item 50
Dwq. D-B33Z

3/g-l6 NC-2 Thd *36(.I06) Drift 4 deep
*6-32 NC-2 -tap Zgdeep

®PIN
Material: Drill Rod
4 Required

FIG. 10

J25-^-

leariny , .
Item SB this sheets W.I25
before milling slot.

©BEARING
Material: Make from 'Boat-Bronz,
bearinq. Cat. No. FB8IO-8
/O Required

LABORATORY JAR TEST
STIRRING DEVICE
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MATERIALS LIST
ITEM

NO.
DVJG. NO. Qry. name: size MATERIAL

1 D-8991 4 Hex Head Bolt i-20 x 1 1/8 Lg. Stl.

2 D-8995 1 Insulator Pad 4| x 5 5/8 x i Thk. Asb. Sheet

3 D-8991 1 Ratio Motor "Boston" MB 5832S

4 D-8991 8 Flat Head Screw #8-32 x 7/8 Lg. Stl.

5 D-8991 1 Switch "Allen Bradley" Bulletin 600 - Size

"B" Form 51 Type 1

Heater P 14

6 D-899 1 1 Wire 3 Lead Length As Req'd.

7 D-8991 1 Male Plug (Elect.) 3 Lead

8 D-8993 1 Left End Bracket 12 x 12 x 3/8 Thk. Al. 24 St.

9 D-8991 2 Fillister Hd. Screw #8-32 x i Lg. Stl.

10 D-8991 5 Flat Masher For 4 Bolt Stl.

II D-899 1 1 Hex Nut i-20 Stl.

12 D-8991 2 Hex Nut #10-24 Brass

13 D-8991 2 Flat Washer For #10 Screw Brass

14 D-8995 1 Left End 3 x Hi x 4 Thk. Al. 24 St.

15 D-8995 2 Ring As Shown Brass

16 D-8994 1 Top 12 x 40 x 1/8 Thk. Al. 24 St.

17 D-8994 1 Top Insulator 113/4 x 39 x 3/16 Thl :.Asb. Sheet

18 D-8995 2 Side 3 x 40 x 4 Thk. Al. 24 St.

19 D-8993 10 Paddle As Shown As Shown

20 D-8991 12 Flat Head Screw #5-40 x 3/8 Lg. Stl.

21 D-8991 1 Ladder Chain #1—A H gh Tensile Coppered Stl. 8 Ft.

22 D-8993 1 Right End Bracket 12 x 12 x 3/8 Thk. Al. 24 St.

23 D-8993 4 Gusset 2i x 5 1/8 x 4 Thk. Al. 24 St.

24 D-8995 1 Right End 3 x Hi x 4 Thk. Al. 24 St.

25 D-8992 2 Pin 1/8 Dia.x 11/32 Lg. Drill Rod

26 D-8996 1 Back 23 x 4 15/16 x 4 Thk. Al. 24 St.

27 D-8992 37 Flat Head Screw #8-32 x 5/8 Lg. Stl.

28 D-8999 4 Pin 11/16 0D x li Lg. Drill Rod

29 D-8999 4 Sprocket "Boston" CA-16 Stl.

30 D-8992 4 Bearing FB-68-5 Bost. Brnz.

31 D-8998 15 Washer i Dia. x 1/16 Thk. Brass

32 D-8992 27 Fillister Hd. Screw #6-32 x 3/8 Lg. Stl.

33 D-8995 1 Rear Beam 1 x 40 x 5/8 Thk. Al. 24 St.

34 D-8995 1 Front Beam 1 x 40 x 5/8 Thk. Al. 24 St.

35 D-8999 10 Bearing FB-810-8 Bost. Brnz.

36 D-8999 10 Knob 1 0D x i Lg. Bunting Brn;:
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MATERIALS LIST
ITEAA

NO
DW&. NO. QTY. NAME SIZE MA TEtSIAJ.

37 D-8992 10 Pin .093 0D x 7/8 Lg. Drill Rod

38 D-8999 10 Sprocket "Boston" CA-24 Stl.

39 D-8999 10 Shaft i 0D x 4 Lg. Drill Rod

40

41

42

43

44

45

48

D-8992

D-8999

D-8997

D-8996

D-8992

D-8992

D-8992

10

10

1
--—,-•-

1

Knurled Soc. Hd. Screw #8-32 x 4 Lg. Stl.

Bearing FB 810-8 Bost. Brnz.

Cover As Shown Al. 24 St.

Top 2 \ x 4 15/16 x 3/8 Thk Al. 24 St.

Gear "Boston" H-3240 Stl.

3

r
Ball Bearing "Nice"

Sprocket "Boston"

1602 DS

CA-24 Stl.

47

48

49

D-8996

D-8996

D-8997

i

i

Bushing 5/16 0D x 4 ID x i Lj. Stl.
B-46-10 Bost. Brnz.

H-3240 Stl.

Bearing

Gear "Boston"

50

51

D-8992

D-8992

2

1

Fillister Hd. Screw #8-32 x 5/8 Lg. Stl.

Pin 1/8 0D x I Lg. Drill Rod

52 D-8996 1 Bracket 1 13/16 x 2x3/8 Thk. Al. 24 St.

53 D-8997 1 Fork 1 7/16 x 4 5/8 x 4 Thk .Mild Stl.

54 D-8996 1 Bottom 2$ x 4 15/16 x 3/8 Thk. Al. 24 St.

55 D-8992 1 Gear "Boston" H-3264 Stl.

56 D-8992 1 Ball Bearing "Nice" 1606 DS

57 D-8998 1 Shaft 4175 Dia.x 7 7/32 Lg. Drill Rod

58

59

D-8998

~ D-8997

1
_____

Key 1/8 x 1/8 x 47/64 Key Stock

Shaft 4175 Dia.x 3 3/8 Lg. Drill Rod

60 D-8996 1 Spacer As Shown As Shown

61

62

D-8997

D-8997

1

1

Gear "Boston" H-3216 Stl.

Drill RodCollar I 0D x .312 Lg.

63 D-8997 1 Pin .093 Dia. x i Lg. Drill Rod

64 D-8998 1 Col 1ar 1 0D x .250 Drill Rod

65 D-8992 1 Coupling "Boston" FA-10-i" Stl.

66

67

D-8998 1 Bushing 3/8 ID x i 0D x$ Lg. Stl.

D-8998 1 Pin 11/16 0D x 14 Lg. Drill Rod

68 D-8998 1 Bearing FB-68-5 Bost. Brnz.

69 D-8998 1 Sprocket "Boston" CA-24 Stl.

70

71

D-8998 1 Arm 7/8 x 2 7/8 x 4 Thk. Al. 24 St.

D-8992 1 Hex. Hd. Bolt 3/8-16 x 14 Lg. Stl.

72 D-8992 2 Hex. Nut 3/8-16 Stl.
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