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THE GIRDLER GCORPORATION

WML ORPORATED

VOTATOR BIVISION
- GENERAL OFFICES

LouisviLLE 1, KENTUCOKY

December 3, 1947.

A. Brothman and Associates,
Chemical and Mechanical Engineers,
85-03 — 57 Avenue,

Elmburst, L.I.

Attention: Mr. A, Brothman, Chief Engineer,
Gentleman:

We have your request for literature on ocur Votator equipment
and are pleased to enclose several circulars and pieces of
literature describing the Votator principle of heat transfer
and processing and illustrating several models of Votator units
designed for different applications. At the present time our
general catalog is in the process of revision but will pot be
issued for several months,

We are forvarding a copy of your letter to our Eastern Sales
Mansger, Mr, S, N, Welch, located at 150 Broadway, New York City,
If, after revieving the enclosed literature, you wish further
pa.rticulars, please contact Mr, Welch at the above address.
Thanking you fer your interest, we are

Very truly yours,

THE
. E. Slaughte; Jr,,
Vice Presiddnt.

JES/ela
encls,
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Wherever liquid or- viscous materlals are processed, consider Votator!

b 70 Votstor and Processing Ediore ot -

The Girdler Corporation, manufscturers of the Vo
TATOR, was the first 1o provide equipment for
processing margarine continuouwsly. Use of the VO
TATOR completely changed the entire method of
menufacture of margarine, with the result that Girdler
is ronsidered to bave made the greatest single eonmtribu-
tion to this industry’s production efficiency. In the
production of shortening and Iard, the VOTATOR is
vied for chilling end plasticizing, and has also made
these operstions continuous and much more ellicient,
Todsy 75% of the nation's shortening and margarine,
and s large and fast-growing percentage of its lard, are
VOTATOR-made. In each spplication, the VOTATOR
begins with the prepared hot oils (and other ingredients,
if any) and completes the manufacture of the prodact,
delivering it to fillers or mwolding spparatus.

In these edible oils applications, the VOTATOR has
improved the quality, uniformity, texture and eolor of
the product. Moisture condensation and contamination
have been minimired. Keeping, ereaming, mixing snd
cooking properties have all been improved, and a more
eflicient use has beer made of everything peeded in
production — materials, refrigerant, manpower, floor
space and power.

- ac) — - e ———
E Votstor and Processing Petrolsum Preducts

Use of the YVOTATOR by the petroleum industry has
led to verious production short-cuts and pew standards
of quality, efficiency and safety. The following appli-
cations are typical and considerable information, inclod-
ing some pilot plant and plant data, is available:

Grease. A procemsing system for continnous production
of lubricating greases.

Wax. The VOTATOR is an efficient instrument for
continuous crystallization and filling of paraffin wax.
Hydrecarbeom. Very effective for low temperature ery-
stallization of various hydrocarborns,

Alylstion. A specisl adaptation, called the VOTATOR
Reactor, gives higher yield, higher ociane and greater
3-C values in the production of avistion geeoline alkylate.

x el ka2 e oo
E" .. The Votstor and Processing Foods - .-

By means of the VOTATOR, ice cream production was
put on & continuous besis. Chilling was secomplished
in seconds, which made possible an improved texture of
the ice cream and precisely controlled aeration. This
application of the VOTATOR has led to numerous
others in the chilling of food products, and in all of
these uses the above three advantages are of primary
importance and outstanding as compared to ether
methods. The VOTATOR can also be med to eook
food produets in liquid, viscons er suspended form.
Rapid removal of film by surface scraping permits
higher temperatures without danger of burning or
scorching. In all food processing, The VOTATOR'S
closed operttion, sanitary construction and easy cleso-
ing are significant.,

Other food applications inclede: Fruit juices and
purees — quick chilling end erystallisation. Liguid whole
eggs — quick chilling und pastenrization, Starch base
solutions, such s used in making salad dresings —
continoous cooking and cooling.

el it o L

K 760 Votstor and Processing Coamicatn

e

The VOTATOR is suitable for processing a wide varjety
of chemicals that are in Liquid or viscons form, at least
during. one mage of msnafsctare. The distinguishing
feature of esch of these applications is uniform, contin
uous operation under controlled temperature — continu.
ous mizing, heating, eooling, emulsifying, plasticising,
etc. Of this broad group, the following are only typical:
Phetagraphic smutsiens — cooling and processing.
Yextile printing gums — beating or cooling.

Loather preparstiens — cooling.

Liqui¢ resim — eontinuous processing of resins . , . heat-
ing and cooling in Nuid stage.

Waterproefing cempsunds — heating or cooling.

Gelatin and gtue — heating or cooling.

Paper amd textile coatings — uniform mixing with tem-
persture control.

Wai Preducts — eontinuous cooling and emulsifying.
$having Crearmw — Chilling and Plasticizing.
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4 Over-a!} coeflicients of 500 to 1150 B.t.u./(hour) (squere foot})  .the siceve forms & helical water path around the nicke] Votator
(* £.) are easily oblainable on water-to-water hest interchange using tube. This method is apparently mtisfactory since the heat bal-
the Voutor, High sfitstion conbined with scraping of the heat  ance—ie., the quantity of beat Slowing s messured from the
sransfer well produces thin Blrs and high turbulence. The resddt b - - jacket and Votator sides—checked 10 lesa than 2%, for most casea.
igh retes of heat ransfer even though the linear velocity through the . The assembly of this unit is sbown in Figure 1., I BT
‘Votator s less than 0.1 foot per second.  This internal design beads -~ The method consisted in pumping bot water (175* F.) ot shout
to small size equipment which, In tum, allows high jecket velocities 860 pounds per hour through the Votator and cooling i with &
with low pressure drogs.  The Ditn-Boelter equation is wed ©  countercurrent Sow of eold water (60° F.) on the jacket. Bpoeds
calcdete lilm coefficients on the jacket side where the flow is helical. 7 of the mutator {a shaft with bisdes) were 300, 400, 500, 700, 3000,
The coefficients thus obtained check the experiments! resulls within -~ and 1900 r.p.m. Jacket-water velocities of 4.7, 6.1, 8.5, 7.5, 0.8,
40%. Film coeflicients on the Volstor tide are found to incresse 12.9, 18.1, and 25.9 feet per socond were tried. Thesz corre-
tess rapidly sbove @ blade peripheral velocity of 13 feet per - sponded to pressure drops through the jacket of 0.5, 1, 3, 3, &,
second for waterlike metesiahs In the perticuler Votator design wed. 10, 20, and 40 pounds per square inch, In two cases, 1900 and

R T PR T 400 ¢.p.m., the throughput rate was changed from 380 to 340 and

. HE Votator has been used extensively for processing mar- ‘1800 pounds pet bout, respactively. In all cases calibrated ther- ©

- - R garine, shortening, and lard, bocause crystallisation, piastiza- ‘mometers [0._2 F. n.xbdxmona) were used, and the water rates
v B G, emulification and heat travsier may be brought about  WeT® determined with s siop walch and Sasle taok. Thirty
simultaneously. I main sccomplishment is processing, s¢ that - pounds of volated ","‘""’d“md’dwm"u'ﬁ"

et stvens by boe pot on the high beat transfer efficicocy of the  Weikhed Check readings were made 1o enswre fhat the oqup

" - “Wotator. This paper deals with s water-to-water heat ioterchange wmeat had come to oquilibrium. The mutator speed was less
test in which blsde velocity, fscket-water velocity, and through- ‘ accunte ance Lbewdlm’ilﬂlﬂ ’H)l_lld Mbemhlb‘}'r‘dm
put rates were studied in relation to the over-ali and film beat than «10r.p.n. o T

. transfcr coeficlents. ™! *. "+ " - - Three points should be considered for accurate analysis of

- A aborstory Votator, 8 inches in diameter and oquipped with * data—errors dus to (a) movement in stagnant layer of water out-

) s 2.25-ipch dismeter shaft and two stainlem stee! blades, was do- side the sloeve insert, (2) any fiow by-passing {rom ooe belical
signed for use with both waler and smmonis. For water & " furn to the pext, and (¢} expansion and contraction losses at en-
aloevo inscrt cuts the height of the annular space to ¥/, inch, and trance and exit of jacket. This work neglocts thess errors sinoe
s bafBe seal at one end preventa by-pussing the water Sow through .ﬂnymmnﬂandmnpmuy within the socuracy of the
the smumonia seition.  Copper tubing (/cineh diameter) intido :ﬂl’h—w’.’%:' ghear T3 %;-”::E.e‘ I"" ‘ 'i ;-:j

. RRIC NPT < M. S St S S 1T R LR E e ' g ﬁ!
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HEAT BALANCE

The quantity of beat flowing per hour was
determined by multiplying the average specific
beat by the weight rate of water flow and
the temperature change of the water. This
change in heat content of water flowing through
the Votator and jacket were separately caleo-
lated; wvalues checked in most cases to leas than
2%. Thbe correction for average specific heat was
found annecessary with the present accuracy.

Table | summarizea the data., Figure 2,
eonstructed from the data of Table I, shows
how the quantity of heat Sowing, @, waried
with changes in mutator speed for sevenal
jacket-water (jw) velocities. It illustrates that
the amount of bheat Sowing through the 0.7
square foot of cooling surface reached as high as
52,000 B.t.u per hour, with 37,000 B.t.u as
about the sverage Bow, [pcreassd mutator
spoed increased the heat flow considersbly, but
the increase st the higher mutator spoeds was
much smaller, as shown by the following dats
taken st a jacket-water velocity of 9.3 fest per
sscand (AP = 5 pounds per square inch, 2000
pounds per hour):

Muytator ?-d. “B.T.U. Removed Mutator rd. BRT.U. Removad
R.P. pur Howr RP.M. T'- Homr
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Figwe 1. Losgitudina! sad Cron-Sectional View of Ammonis-Jacketed Laborstory
Votstor Bafflad for Waler

o - 780 - ] I7.000
e N 34,000 Moo 8.000
Toble L Data for Watar-to-'Water Hest Trasier i
Tempersture, * F.

Vol Yoo Rate, Lb./Hr. Hest, B T.U./Hr.
onln Jesket ol  Jeske \ 7% Vet AP,

™ ont o=t [™ LMPD min  lachkst [ Jaskel Jasket U

00 Revolutions yar Miawsts ’ .
.2 .3 113.1 Q.0 74,31 M4 4 B8 §7.410* 35050 [ ] oo~
17183 0.9 118.1 .3 T77.94 4.3 M1 34.200* 700 » a3
17.8 1.5 119.3 2.8 ™»n.an 1.7 ol M.740 34,800 1°0 [ > ]
.6 4.0 132.7 [N ] 0.4 5171 K1, 750° 230 § s
i70.3 383 IM.8 a.0 "0 1.5 202 31,730 80,430 3 M3
i7re.e 0.9 1287 .7 80.28 5.4 1 .40 24.830 i 1 18
.3 Tn.e 148.9 3.7 88.41 11RO 40 84,450 81,900 20 kst ]
178.8 .. 1114 .. T4.08 $73.1 S04 BA.050 ¥7.990 0 ™
7.3 2.9 1.0 a8 70.83 8.5 1817 20,810 30,500 3 A5
§00 Ravolutions pov Mimets ’ ’

.4 %.. 103.1 .8 .83 8553 40,040 40,160 [ [ ]
1788 N3 10€.2 a.: .44 850 .3 3721 N, 520 23,280 20 08
176.4 ™ 110.0 - [ 9} T1.00 583.3 26,600 36,400 [ 1] T37
\T7.3 5.8 114.2 a8 73.08 853.8 2102 3 900 34,760 & a8
177.4 TT.4 118.4 4.0 73.68 5523 2457 5 .650 212570 L .1
i17.3 . 116.2 .0 T4 .22 885.3 az.1ro SB0 ] 31
177.7 [ -8 ] 171.9 .2 N 74.01 [ R 1712 31300 30,750 . 1 )

' 700 Bevolutions per Minwes .

.4 .1 100.8 .0 7.3 8.5 4+4.630° 41,40 a0 0
178.0 0.1 103 .4 4.3 3.3 §02.3 8750 41 580 42.000 20 [ z4]
176.8 TS 106.9 2.8 " . 505.% 4000 39,450 992320 -] 208
178.0 78.0 112.2 [ - N ] 72 .03 ML 274 37,780 T A0 I ")
178.2 T4.3 114.8 8.0 73.21 530 .2 215 35,45 35,380 3 0!
178.4 0.0 120.2 [ '] T4.88 2440 .3 184 331,410 332,280 [ ] 430
34 ] .9 iz1.8 2.3 T4 .27 [V 3% ] 1483 51530 BL 140 Yy [~ 1)

' 1000 Ravolutions per Mizuts "

7.8 0.8 w2 2.5 .54 5oy .7 5848 44410 45,110 20 [ o]
176.4 .0 105.8 [ N ] 70.03 585.3 4044 41,670 42,400 10 LV
1788 70.0 109.8 4.8 71.4} 563 .8 2008 28,040 38.7T10 [ ] The
178.6 e 1134 4314 T2.74 500.4 13710 36,970 + 37,200 3 ™
1788 8.1 119.7 2.7 Y4.18 3os .3 1589 $32.320 33 500 1 3
178.2 =7 0.5 .5 948.08 80 .3 T485 31,540 $1,630 0 1118
1778 4.6 $3.8 Me 9. 8717 54T 48,080 48,000 20 W1
178.5 0.1 100.0 .7 T0.54 3.4 3618 43,020 49,890 [11] o
170.0 81.1 .7 F N 81.38 5238 1508 31,400 £2 880 0 [ 24 o
170.5 .1 7.4 [N ) .40 37.1 1) 0.840° 20 [0
tri.s 641 8.0 [N a8 .50 [ TR ) boS2 30,500 23.670 ] Te0® .

In going from 300 to 500 r.pan., 2050 B.iu, per bour more
eould be removed; in going fram 700 to 1000 r.p.m., the ipereass
was leos than hall as much, 1000 B.Aw per bour. - Obvicasly

there should be a selection of the
highest mutator spesd which
consistant with power load, tabe,
blade, and beaking wear. .

Black dots in Figure 2 indicate

the few cases where the heat balnnce

did not check closely. -For this
resson the values obtained from the
wotated water side were used where
the data were more reliable, sinee
fow rates and large temperature
differences existed. By this pro-
codure the curves became eonsistant
with one another throughout all this
work. Other pointa on the grapb
are an aversge of the data ob-

tained from the jacket and Votator

The bottom curve st s jacket-
water velocity of 5 feet per second
s amooth, but all other curves show
g sharp break at 500 rp.m. Also,
the greatest increase ip heat transfer
for jacket-water velocities, 9 feot
per second and above, oecurred in
going from 500 to 700 r.p.m; st B
feet per socond the sharpest increams
occurred at 300 to 500 rpm. The
facts are explained later where R
i more clearly shown that full tar
bulence apparently does pot cocur
until & jacket-water velocity of 7.8
feet per socond is obtained. | .
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ﬁ'ﬂ . ENect of Blade Spud on Heat Transfer for Seversl!
Jocket Conditions

o

The data at 1900 r.p.m. do not fall on the 28, 18, and 18 foot
por second lines. The correct velocities for theme are 24, 17,
and 11.8 fect per mecond; conrequently, extrapolated values are
inuded in Figure 2 to make the picture complete.

To simplifly calculstions on the jacket aide, an over-all average
was made of the average jacket temperatuns oldained at various
prossure drope.  The inlet and outlet jacket-watcr temperatures
were svernped for each Votator condition. Bince these aver-
ages wore quite close for differcnt conditions on the Votator side,
they were agnin averaped (Table 1) in order (o ralculate the phy-
ecal propertics of the jarket water as given in Table 111

A plot of variation in transfer of Leat with changes in jw veloc-
tiew for the severn! mutator spoods showed that, up to 9 foet per
second, the heat transfer incressed linearly with increassd veloc-
ity; above this value the increase tapcred of. At a mutator
apeed of 700 £.p.o., 3700 more B.tu. per hour were tranderred in
going (rom a jw velocity of 5 to 8 feet per second; in going from
M 0 B feet per serond, the increase was only 2100 B.t.u, per
bz, Even the latter amount is considerable, 80 it in advisable
to um the highost fw velocity possible and ecovomical vnl.b the
waler prossure pvailable

Taltide I17 indicates that at 300-1000 r.p.m. & veloaty ol 25
beet per second required 8000 pounds of water flow per bour and
& preaaire drop of 40 pounda per square ioch.  Unlees the waier
B © be used later at low pressure for further proceming, these
enaditinos are imprartical without & booster pump. Valuos above
9 beet per second should be used in all possible installations
dore the amount of tranaferred beat increases st its maximom
Wt op Lo this point.

Toble ll. tolet ond Outlet Jacket- Water Avesages

dockwt Pres-  ——Av, Jacket-Water Tomg,, * F.—— Over-all
m 00 &S00 T00 1000 Av. Seokot
- T “p.m wp.m pm tpm.  Temp.*F.
b .0 .3 [T%] . .8
» % .2 o5 " T ek
0: a3 53 8.7 &7.8 o
H k.4 «Y X w3 :J
H .7 ;:; 0.7 0.8 - 'n"
v {. - A 2 T Th.e s
: . A 7.9 . ve.¢

-4
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Theover-cﬂooefﬁuenhwereuimhled fm:nl.hruvmp-qm

hly ol‘ beat Bowing, @, by the lollo-nn; equation: C e -

VLT Qe VALMED T T

The unou.ntolbenl being transferred perbour Q. upmpuﬂiuhnl
to the cooling surface area, A,, and the driving force, LMTD. -

Cooling, ares &, was 0.7 square foot of scraped surface for our
unit. This figure was based on the assumption that the Banged
heads of the jncket (Figure 1) were only hall effertive for cooling
and that the rocling space occupied by the helical baffie was neg-
‘tigible, Certainly the eooling area will not be appreciably larger
than this, and if the baffle docs efectively ouvrupy space, the eal-
culated over-all cocfiicient, U, is on the connervative side. The
over-all coefficients were calculated on the basia d derﬁu
scraped surface.

Ervzcr or Muraron Breen. ‘l‘hedwtofmuuqundn
the range 300-1900 r.p.m. on over-all coeflicent U is shown i
Figure 3. [p contrast to the heat quantity curves (Figure %),
these curves are smooth and do not show the probounced break at
800 r.p.m. Here, as previonsly discusssd, the points at 1900 r.pa
are extrapolated values. The largest U oltained was about 1140
B.t.w /(bour){sguare foot}(* F.}, and the average was chae %0
800. The most rapid change in U occurred st the lower speeda.

The increase in U stowed down afier 600 r.pm. It woald ob-
viously be poor effciency to operate below 600 rp.m. for thia
Liquids, and as discuseed in the section on licat Balance 8 »
advisable to use the highest mutator spesd consstent with wear
snd power. The peripberal speed 31 600 r.p.m. was 7.8 foct per
sooond.  As s result of the high over-all coeficent U obtained by
scraping, the sise of equipment is small, and high jackct-water
vedocitics and Glm coefiicients can be obtainad with umall pressare
drope. : .
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. Aol vomee = 1B X 107 0 fi. equivalent diameter D, = 0.BM ) .. . .- liolkos troo
- M. ——— 1800 B.P.M.. e
Prusyore Av, Av. [ ity. Vimomity, . . Pressurs Av. - Avw o
drop, o . Deg i ; - . L AR, .
R S Y O A S SO« U i Y
0 5.8 8008 12 0. . . . ;e
n o8 8084 1128 TR ) H P B w .3 ot bBe - Do
1 e 4038 4.3 5128 RIE 13,91 B&BO0 w HY ~t. e
X ) 1.8 oy 087 R 50 ¢
.8 0.4 2347 «87.3 83,30 0.972 7.5 mS00 Mo » " 1508 .M
B om W ER S o8 BE % 8. B8
W 74.0 1408 w7 &n 0.539 - - I % al 8¢ B
-t WAL SACED — ' Elm, (2) metal, and (8) jacket-water film. mhutothonh
Am-.. C Qo= Al — b)) T -'-_ DO , " (24)
oo} ' 7£ Mol PO OB, Mo L ! - : . Q= MLty -8 \ % \ ‘ ;' (’C)
£ 4] - ﬂ{m 4. EFect  Proportionality constants ., A, snd &, apply o Votator water,
E J/ 4 Chan '; i"  metal, and jacket-water flm, respectively; 4, o, &, and &, spply
: d Pl::hﬂ o ;: to tamperature of votated water, metal surface on Votator eide,
— woam | bied Wates ou  Sdcket-water, and metal surface on jacket side, respectively, The
. A LMD, o 57 Over-all arca stays constant. This is ap arbitrary sssumption because U
e {1 Coefficient is baned on the Votator side; this means only that the A values,
o v i i1 mtbou&hnpplyin;todi.ﬂmtﬂmn,mhaedonthemd
- - Z P40 LB.FLA FELR, AbPRD., the inside scraped surfsce. ‘To convert to the outaide ares—e.8.,
/ A Q"M.ﬂu‘k"%‘.{‘-;"k)- Then . R
l ! . b, =gl - Ty e 0 IR
S ) —R % . A T T IO I O T
JACKET SATER VLAOCITY v FY, AER BIL, From Equation 3, . . e
Q- AlA, : R R R LR WY S ¥ V12
T 1 1 w33 b b g
Brrzcr or Caanoes mv Conprmons ox Voraror Bios.  The i + el + | Y F"ELYEL + 5
rate of votated water was varied in two cases. At 1900 r.p.m. T o ] - ' ?) .
about 580 and 340 pounds per hour were tried st three jacket- Lo T Y e
water velocities (Figure 4). At 400 r.p.an., rates of 1800 and 580 ’ - ..
pounds were sed. The data are given in Tuble I. Figure 4 1I IR | i | BAPE SPaID
ghows the difference in over-all coefficient obtained. In addition 90 | — '48&‘-'—1
#o 8 change in throughput rate, the log mean tempersture diffes- ' L l e o l
soce varied. The following data for 340 pounds per hour wers . 'mmmg -
based oo the hoat change of the votated water, (s, sinoe the beat n’ ! I 'l/ ] »
change of tbe jacket water, Q;, was inconsistent and erratic: ¢ 7 v’
u M | : ] i e "?'j )
: s - Matater ) ) i yr ., * awh
NTD G Tembocy. REM. . @ v E'—” { / .—/ ,73;; o
8 . 4] 0 1900 48,000 1018 y /’/r B '

» 4900 30,800

Hince the jacket-water temperature and velocity were about
squal, the film coefficient would be about the seme in the two
cases. Consequently, the change had to do with » difference in

pbepomena op the Votator side. The log moan tempersture dif-

farence decreased about 20%,. The heat load dropped sbout
3697, and the over-all coefficient was lowered about 20%. The
log mean tempersture difference is the main contnibuting {actor,
as would be expected. .

Film ocafficienta on the Votator side and jacket side wers oal-
eulatad. It is well known that the heat transfer ia mainly de-
pendent on the rste st which the hest can be transferred acros
the stagnant films which lie close to the metal. Although only a
few thousandths of an inch thick, theas filras act as insulators and
wetard the flow of beat,

The boat Q which s transferred per unit time from the Votator
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The coefBicient for metal equals the therma] conductivity di-
vided by the thickness of metal, :

. Ay =271 -{8)

ead may be replaced in Equation b

dacxerWarzn Corrmciznr . Empirically it bas been
aown (1,8, 9 that in flow of water through pipes the film ooeff-
ieat varies aa Lhe 0.8 power of velocity. Inmde the Votator there
&re cooditions which differ conaiderably from flow through a pipe,
but is Lhe jacket theae conditions are fairly representative. This
®wrtbod was tried to calculate the jacket water film coefScients.

Maintaining & constant mutator apeed should keep the Votator
8tz coofficient, A, approximately oonstant, and 1/M should vary
kb 1/U (Equation 5); wince it was shown that M varies with
2, 8 plot of 1/U againet 1/¥* should give a straight line for
8y givro mutstor speed. Bubetituting in Equation b,

1 = 1 -1 o

vt (K + ) M
A plot of 1/U against 1/V™ is given in Figure 5. A straight
Bar dors result a0 that the asumption of constant A, is justified.
W the axreption of 1900 r.p.m. the lines are parallel. The
ke & 0.00303 and the jacket-water flm cosfhcients &; is, there-

Geoe. smailr calrulated. )
#aboyt 5* F. difference in the jacket water used st 1800
tpm and that for the data at 300-1000 r.p.m. Thissccountsin
o bor & diference in alope in these two seta of data. 1f o dif-
12 Bope had boen obtained, it would have been concluded
Seuperatury did not affect the jacket-water film coefficient,

LI

Sk to be false. The io thi
X . slope io this case is 0.00377.
_Nwormlmrmrmsm; o
* . LI
rx Intwsapt ' mpan Lntareapt
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Applying this method of ealculation, the following results sre'ob-
tained: . - . CoB
———300- , 1900 B.P. M ———
V:ndu tv“}x-” BPM. V:oeity .A.:‘h .t
-, LTI -, I -
I‘L/-n. 'ni Ao J ¥ fl../-c. . ? an
25.9 4.8 4110 4480 13.9 0.3 1250
181 5.6 3100 R38O 7.1 6.6 2570
13,9 67.8 2350  BA%0 it.s ey tase
0.3 "2 1820 1972
‘1.8 vo.4

L5630 980 e . -.- - .o

Below s velocity of 7.5 feet per sscond the curve is 0o longer
straight, and this method no longer appliss. The black dots of

Figure 5 do fall on the straight line so that the previous um of -

these values was justified. Since Equation 8 holds only in the
turbulent region, it must be concluded that complete turbulence
starts around 7.5 feet per sscond in the jacket of this Votator,
From this work there appears to be & transition range in turby-
lence since Reynolds numbers were high (16,000) even when the
jacket water velocity was 4.7 foet per second.

Bince the temperature of the jacket water was difiorent for the
values st 1900 r.p.m, as compared to those at 300-1000, 1/U was
plotted against 1/T7" in order to find out if the values at 1900
e.p.m. would fall into line (Figure 8). The 1900 r.p.m. points fal)
on & straight line parsliel to the others. Therefore we are justi-
Bied in correcting the valus of A, for tempersture differences. The
alope is 0.22]. The film ecofficients thus calculsted srers used
in all lnter work:

——en———300~1000 R.P. M, — 1900 B.P. W —————
V-helyd Valocity of . et
o, 11 /onc. &g [ I, h-‘n- e B
25.9 T80 o076 .9 2580
18.1 540 2080 17.1 - 280
12.% 2190 o 11.9 10
9.3 1750 w2 T,
.3 1400 1800 Lo

Comparison of this table with the one above shows that A, (300-
1000 r.p.m.) decressed about 109, when the temperature corren
Voratep Warer Corrricient he.  The film soefficient oo the
scraped surface may be calculated by substituting in Equation §
or7. Equation 7 gives the following resulta: - -

Musise  Peibhenl 1o seraped Burtace

T . of
RPM.  Fi/bec Pie. 8 ves - v
200 K 1080 1110 . .
800 §.54 1490 1550 ‘Apprex.
700 R N1 1780 [114] ;ame
1000 133 2030 2160 7 T,
1900 M. 23200 8030 Appeor. 8% iswer |
. .
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EPIE UL

£°° e resuhts from Figure 6 are plotted in Figare 7. Tho latter

dbows Lhat the relation between film eceficient wnd mutator
Q@dmybeupw-edbysnrﬁ;btﬂneolmihgppetm
hrkﬂmndiﬁmma.ppmximﬂdythenme..,maquﬁmi:

fog (r.p.m.) = mh, + log (interoept) L | )]
SRR (0.475)A, R
The 1900 r.p.m. Qointl’nlhl.ot.bcﬁghlnlﬂnliu; this may be
due to the fact that the mean temperature of the votated water
187" F.) was lower than that for the 300-1000 r.pam. poiots
{145° F.). A.ppumﬂy.wbmlhinliquidlmusnd.lbv-mu
hmpunlminddeuxVoumhdawnhigbuﬁlmmeﬁdmL
maw.mam-iwmu.zMa
aqui;mubeﬁlmmaﬁdentinmwithhighcrmnpam
mmmmybethdutnnpingfomdthebhdehmd-
Sortive ar the viscosity increases The mont effoctive equation
'brh.illoup:mitunfuncﬁono{lbepmpa-ﬁesofthew

processed ; future work will attempt to set up such an equation.
Cosparinon oF ks anp by It is intercating to see bow A and
&, vory for a given linear velocity. Lo the case of A, the velocity
is axspned to be that of the tip of the blade. FigmreSha
plot of A, and A against velocity. The points on the A, curve
lbovtltlnr.p.n.mobuimdhmunutnpohhdmd
Fmimm[mﬁgmlbymdm A xnd by nt

the cams alo-ism.  The squation of this line Is: Te
! fog A, = wh, 4 logd - - e T
A o = OB86/1000; & = FM w -

Tbmwhenhhbuwn.l.mhaulcuhhdfmmliquhlo
and vice Verm. The fect of changes in opersting conditions on
this curve is oot known. Eqmt.ioamstﬁrstlppwswhn
.mimmodhten.pplimuon,u'nuetodetu'minekvwld,inp-
onl, give the experimental means for obtaining A However,
the following section shows that the Dittus-Boelter equation
mhmﬂdh&h&hhnﬁdwmobhh&uthoh-‘lm
Eqmﬁulﬁboldsfudhuq:maﬁuemdiﬁoﬂ-_\ iy - .
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B g;;L' A1 SR 1. G i i o B B
/ B i . ‘/ ‘/'./mnt- v & ! - . m' s SOV
. ‘3 /] J T ayram copvER winme sex Geaco ow &7 16, v
- N - T— Fgwe 9. Relation of Film CocMficients dorlng Votallen = - 7~
PR TP - Y SN M1 AR [P S o, iy A s T
' e 4 / I R I B I S &, st Drrros-Boerres Eqoamion. Dittm and Boelter (1)
- | —_— 27 were able to show that, for & wide variety of materials (eg., air
L e ¥ ,_)/ T T 1151 1 1 and water) Sowing in tarbulent motion, the Slm coeficient of
"""" T “i - / s hakx —{ .. hest transfer could be reprasented by the empirical equation, -7
AL T L AR/ - Q0BNRRAAR sovondm L
D B , where D ia the diameter of the pipe: in the case of the Votater -
T Ji 4 111 4411 jacket it is D, the equivalent diameter of the rectangular befix.
— A The following table summarises the differcnt water velocities

ased ip the Votator jacket and compeares them ¢o the valoes of
A obtained from Figwes Sand €: - .. ___ 27" AL
. e J I T S R L
.. o1 s, (R
e T T T ey
1. /Bec. [ aF T B UTNe®
.ﬁ,'-:',-n -.—‘f 1 ::I-.) l:,_‘ .__m .
i3, Yo geg Fm T gy
9. 1820 e
7. 1530 - 1480
e S P Py [ TR TRT oY
The resulta are in good agreesvent. A fairly socurste estimstion
is thorcfure avaitable of &, and of A, from Equation 10; or if the
over-all voefficient has boen determined, A can be more accarately
obtained frun Fquation 5. Also the calculated A falbs closer 4o
A, oblained from Figure 5 than fram Figure 8. “This is, bowever,
a5 eriterion of .selection sivce A, i ot known with effiormt
sccuracy, and k, tould easily vary by 0%, ©* T T 1mie
Dirreasnt Vorarms Coxorrions. The data graphed &~
ﬁg\m{htwoﬂlmchpﬂ'lhmmomds&)mdapch.)
dlmt.p_m.mbeuuwd-‘xnihrlybythemouqusuﬂhdf
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98
340 Lb./Hr., be = 1000 ruo Lb./Hr., ke = 3140
Av. jw v. jw
\ ¥ o ju, Mpi, emp.. ¥ of j, .

wap, LA e S A L )
™ .32 3410 0.3 . 2580
0 17.0 sl . IT.08 2680
6.4 115, w0 o 1.4 1880
as 513 1540

Even though the aversgs tamperature inmide the Votator is
ccomidersbly different, this alone does pot seem to explain the
mrkuddnnseinh.with:hm;einnu. Furtber work
aoreasary to clarify this point.

SUMMARY

1. A good average over-all coefficient is about 800 B.t.u./

(hour) {square foot) (* F.). The coefficient varies us follows:

Mutator Bpesd, Velocity of fu. Overall

e i i/ Bec. CosBeiamt U
200 . 30
1900 » 1130

3 A minimum jacket-water velocity of 7-10 feet per second
and » minimum mutator speed of 600 r.p.m. (7.8 {eet per second)
abould be used for eficient operations on waterlike materials
Values greater than these are beneficial and should be used K
otber factors such as power load, jacket-water pressure drop,
blade and tube wear, do not make the operation uneconommical.
8 The film coefficient on the jacket side varies about as fol-
ow:

Velodity of ju, FL/Bec &, B.T.0./(Ar.) (Bg. PLIC F)
T.8

] L1800
» &100
4 The ilm coefficient in the votated water side variad sbout
un follows:
M . Spand, 1.0,
v P Bac e FOk 1)
200 3. 1100
000 i3 2300

INDUSTRIAL ARD ENGIREERING CHIHX.SA'IT
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B. The Dittus-Boelter oquation can be weod o calculate
thcﬁlmooefﬁdentmtbeVomjum.mwmw
is belical The results cbeck experimental values within 10%.
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NOMENCLATURE

. cws on

-

A, = oooling wrface ares, oq. f. \
D, = equivalent dismeter o jacket based on rectangular
A section . -

G = mam velocity, Ib./sq. fi./eec.

ﬁlm. ;.u):ﬁcient of beat transfer, B.t.u./(kr.)(sq.fL}

by -jueb-.wnwrﬁlmeoeﬁciambandminﬁdemu
beat transfer wall

A = jacket-water flm coeficient based on outside ares of
heat tranafer wall

A. = metal wall expressed as film eoefficient

,l.'.'ﬁﬂ-) jukl;;'.wwn ture diff 'l’—

- mean erence, * F.
i = thickness of meupl‘en .
Mtator R ugh water acket, Ib./eq. ia.
- p water jac ./ 8q.

Pr = mnumber - cu/k . :

Q'-hutumderred,buedouhmmundhm
votated water, B.t.o /hr.

Re = Reynoids number = DG/w

T = mpenl;:k' F.

U* = orfrl-‘_n;.l cient based on @*, B.tuw/(br.)(eq.4t)

V¥V = vdoci-ty, £t./eec. ) .

LITERATURE OTED
{1) Diu:.ol. W.. Bositer, L. M. K, Unis. Calkf. Pub. Eng-. B, 483
(1930). .
() McAdams, W. H., Bherwood, T K. and Turmer, E. L., Trame.

Am. Soc. dach. Engra., 48, 1233 (1928).
{5 Wilson, L. E.. Ttad.. 31, 47 (1915}

Pxorrsp e U. A A




= N Lre s elalegyi

. N

- = sy i i =

L T iy
.

,/’
}
) .
f -
1
!
f
] T .
l :i : - --.'.-"‘;vb&::;":
;
%
P :
i’ . . ’ .
L UR What viscous material can you _
D process more profitably? ; ‘
' LMOSI; invariably the processing of viscous ma- The above were picked at random from more L
' terials involves heating or cooling. Votator than a dozen tried and proved Votator applications. ‘B .
, equipment provides a continuous, closed system em- There is also a long list of potential Votator appli- Do
est, safest, most efficient heat trans- cations which may include your products — the ' L

bodying the clean
fer operation for this purpose. Does a dependable, processing of viscous materials covers such a wide

more uniform job in generally less than half the range of industrial territory.

fioor space required by batch If you process anything in vis-
E i  methods. Makes possible corre- cous form which requires heating,

' sponding Bavings in labor, heat or cooling or both heating and cool-
= refrigeration, and overall operat- ing, chances are Votator equip-
1 ing expense for a greal cross-sec- ment can cut your coéts, increase

tion of industry.
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YOTATOR Systems have this heat transfer mechanism

OTATOR equipment is set-

ting new records for efficiency
_in the processing of liquid and
viscous products which require
heating, cooling or both heating
and cooling.

This exclusive, patented heat
transfer mechanism is one of the
reasons why.

It is the most eflective appli-
cation known of the basic theory
that a clean heat transfer surface
together with a high ratio of
heat transfer surface to volume of

material being treated, does the
best heat transfer job.

The material is forced into a
narrow, annular passage, there
contacts the heat transfer surface
as a thin film. Revolving scrap-
er blades constantly expose a
clean surface to the material.

The material 1s heated or cooled,
ag the case may be, almost in-
stantly. This takes place under
pressure, non-stop, and a remark-
able volume is handled in relation
to the size of the equipment.

mv-m
Todying Linsesd OK 3
“Q)Jnu:dl'ﬁuh

VOTATOR—T. M. Reg. U. 5. Pot. ON.

THE GIRDLER CORPORATION, VOTATOR DIVISION, LOUISVILLE 1, KENTUCKY

DISTRECT OFFICES: 150 Broadway, New York City 7 -

R

2617 Russ Bldg., Yan Froncisco 4

« §17 Johnston Bldg., Charlotte 2, N. (.
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Annular space thru which

heat hnns‘f'::modium passes.
Hoat Transfer Tube. ..
Mutator Shaft. :
Scraper Blades. ' : .
Insulation. - B

"1 Product Connections.
2. Annular space thru which
product passes.

3. Heat Transfer Medium
Connections.

" How the Votator Unit Operates
The material being processed i pumped.in connection {1} thru
annular space (2) and out connection {I) at opposite end, depend-

ing upon direction of flow desired. The heating or cooling medium
enters at connection (3], passes thru ennulsr space [4) and out con-
nection (3], the actual piping arrangement to be determined by the
type of hasting or cooling medium used and the direction of flow
required. The mutator shaft (8) carrying scraper blades (7} is motor .-
driven, causing blades to scrape film from surfaco of heat fransfer

s

. tubs

(5) several hundred times per minute,
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On 6/22/50, GOLD advised that these cards are laboratary notes of BLIL )
ROHOLL, an ezployee of ABRAHAK BROTHMAN, 4n connsction with work on the
methyl asthacrylate molding powder procass on which BROTHMAN was working.
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On 6/22/50, GOLD stated that the pame JAMES A. DEVLIK was that of an assiste
ant in the laboratory at St. Joseph's College, OOLD stated that he mas a ...
day school student and was Father MALIOY's assistant and worked in the T
laboratory at night. GOLD stated that he met DEVLIN at the Franklin Ipe "~ "~ 1
stitute and apparently DEVLIN had written his nane and address on the back - < -° - |
of a Franklin Institute call slip. S A ‘
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