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fall II't' will have three paIlS of the 
nile for illtcnncdi,l(c sugar. Of the Ilille 

sugar and 
circulation 

pans, three arc illlc:rnlcriiaic 

ell:] ract cristics 
to draw up the fol]oll-

Design of a Vacuum Pan 

rhi, rnpcr deals wilh the of a mcchanical forced 
circulatiotl calandria \:1( llUtn p:m. The (Oonlin:llcd 01 (he cai;1I1oria 
ami lhc lon'cd circulation resulted in a per·· 
formam c. . \ n (ypt.: of barometri( (tmdenscr and Iu 11(1 ionill in· 
,trumentallon enhanced this 

\ l del:dlcd discus.sion of vacuum P,lll would 

consider;, more space d.ne! time than call be ;lIlolled for thi., paper. 

lore, only olle of will he de;ill Wilh in 
dn:dI. the 

'n:l[nl o[ Ihe calandria ;Iwl Ihe forced circul:!tion 

Our has ill Four of it'. faCloric, ,I IOta I 01 twelve mechanical 
circul:Hion ,,;HUUIll pans. :\il](:, of these pallS 
melll which WcTe COII\crlcd 1:0 the forced circuicltioll 

\\'eiJn: cinul;ILors and the \Vebrc systcm of sugar boiling control. 
these pails which 'I'lTC the aUlhor. One ncw [l,m 
of the lalcst built this year for fall's ( 1\v next 

. Of [he 10ull finished strikc \OIUlllC. nol t!1;lt1 ~:1 P('J'(Cnl to '10 

percent should be included ill the lUi)(·s. cellter w('il. and in the speKe below 
the bottom lube 

2. The of should be such that the of the 
finished strike ab!)\'(: the top shect should not be lIlOl(' th;m half the 
inlcmal cliamclcr of pan. 

3. In order to maintain an 	 rate. :111([ to enable 
us 	to use low pressure vapors not over 15 p()unds 11rC'iSUlc. lhere s]lO'uld 

['W, sC]u;lrc: of surf:lcc for cI'Cr), (ubi< foot of 
volume. 

[iGll ions, the I nile 
dicl;I!(,s tubes or :\ smaller 

.\fore circulation (han anlilahk in the nine original pans was dc· 
sirc.:cI and" in tile lub('s of tIl'" feCI. per ,ccoml the initial 

down of the gIn in 

h. 

btll it w~s felt 	 thal 

Company, Ogden, Ptah, 

'1. H \IT 

Illlhl be 
diamrlcr 

type 01 barometric condenser W:15 

;ll1 

sa lis

c!o,c:r 



VOL. IX, ;>\0. I, .\I'RIL 19;')6 63 

temperature control of w,ltrr of [hi' 

(ondcn.,cr. 

7. A 

accur;llc lempt'l'alUlT cOl1lloi of 

R..\ (lJordina(:d, (omp;lcL 

III (1IIlic-fcCl
W;I' I1C((',,;II'Y to 

sired which mn!ld amoJn:ltitally (oillrol the 
was d('

Ihe 
the fillmass tcmpn:ilUlT and (ill' the 
rate o[ b) ( (he !low of ,tcalIl to the pall. 

9. Lht hut 
should 
boiler 
the 

h) the ,ug:!r hoiler 
on the pa rl of Ihe sugar 

(OIlC('ntr:IIC hi, efforts loW:!!'!! 

Ihe of thc cal
be dis(u"cd ill delail. 

The strike voluille :llld the schedule of the I](:W pan \\'CIT 'pc
to he 1,100 (ubic fcel of wllile fillmass 
lilllited Ihe diameter of the pall to 12 

made or lour dilTe-rclll lUbe ,i/es and four cal
Table I lists llit, feature', of tiJCq' four calalldria 

Fluid flow dnraCleri.sLic, \\"ere (alculalcd fur each 01 the 10111' calandrb 
CbC 1, vV:llcr at 7;")~ C .. ()c Hrj", 

(Ul8'l rr. Liquor at 7.," c., 82.:-)" 
It., Visc Case III. Fillma's at 

'Cli. Fnr each 

cified ollr 

lor 

lhnit;lliolls 

for «Hltiilion,: 

lI. 

dew,il\ 
of the three diHcn'l1l finid, fiv!' liCJuid \·(,J()citic-s in the tuiJes \\'('re a"umed, 

0.5, J,0, 1.5. 2,0. and 2.:) [C('I per second. rhus. a lolal of lin dif!crcnt 
of opcralilt,l; (,(lllditiofl'i ,n'te calculated and l'loltcd. 

Fluid vi'ico:-;itic'i for the liquor and thc fillmass \lere arrived CIt bv a 
of iUI1.S, TIJ('-'c wcre later dlCCkcd against lllC:(Surcrllcnts 

Table 1.-C;]1andria Proportion~, 

Pm W. 
Total Strike VO]1I111e" I ,JOO cuhic feel. 

Ilcatlng- Surface 2,:)40 ~q!LHC ftTL 


'luhe DiamclcL Jndw'i 2Y1" ~)" .[" 


0.188 
31 

'2._,:)7 
11180 
12~ 

]7:7:') 
I L£}iJ 

IO!.2:i 

28); 
(j' 

0.2D9 
33 
2:7:, 

1-1 Hi 
122 

17./;) 
H:,J,; 

30.3 
1i'-'I" 

!l.2~O 0.313 

2J(; :UO 
1210 7?)O 
J 22 122 

1·1.".1 
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taken in the pan with a Bendix Ultrasonic Viscosimeter. The origi na l 
assumpt ions of viscosity were surprising ly reliable. Figure I shows a curve 
of apparent viscosity versus brix at 75 ° C. as measured by the U ltrason ic 
Viscosimeter , and the curve of assumed viscosit ies at 75 ° C. 

R eynolds Numbers (Re = VDp/ l-'-) fo r a ll fl ow cond itions were calcul · 
ated a nd Fanning Frict ion Factors were determined from a chart sh owing 
R e vs. E. This is shown in Figure 2. Th is figure and the me thod of calcu l
ating fluid flow a nd pressure drops in the tubes a re from "V. H. McAdams 
(I ) 2, Hea t T ransmission , Chart V, pages 99 to 134. In Figure 2, I have 

indicated the regions for the several flow conditions. As will be noted, the 
flow cond itions in the tubes for water are definitely in the turbulent flow 
region, while the flow conditi o ns in the tubes for th e liquor and the fill
mass are definitely in the streamlin e flow region. For the center well the 
flow conditions for water are very turbulent; for the liquor the flow con
ditions are just in the turbulent flow region; flow condit ions for the fillmass 
a re well in to the streamline flow region. 

H ead losses due to fluid frict ion in the tubes and well were calcu lated 
from the typical Fanning Equatio n (2) F,. = fV2 (2L) where Fv is the 

(gD) 
head loss in feet of the flowin g fluid at g iven conditions, f is the Fanning 
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Fri cti on Factor from Figure 2, V is the fluid veloc ity in the tubes, L is the 
length of the tube in feet, D is the interna l diameter of the tu be in feet , 
and g is the acceleration of grav ity, 32.2 fee t/ sec./ sec. 

Head losses due to enl a rgement and contract io n of th e liquid entering 
and leaving the tubes a nd of th e liquid entering and leaving the ("e nter well 
were ca lculated fro m the fo ll ow ing equat ion (3): Fe = (V, - V ) ancle

2g 
Fe = KV/, where Fe and Fe are enl argement and contraction losses in feet 

2g 
of the fl owing fluid respectively, V , is the ve locity of the fluid leav ing the 
tube, is the velocity of the fluid enteri ng the tube, g is the accelera tionV 2 

of gravity, and K is a fun ctio n of ;\ 2/A, as g iven in Figure 47, page 122 in 
McAdams (4). 

The data from the 60 sets of fluid flow cond iti ons are so voluminous 
that no at tempt will be made to present a ll these d a ta in th is paper. How
ever, the nex t four figures ampl y illustrate III graphi ca l (orm the highligh ts 
gleaned from the tabula ted da ta . 

Figure 3 illustrates the (ricti on losses F in feet o f fluid aga inst the quan
tity in GPM circulating through th e ca landria at a ve locity of 2-feet per 
second in th e tubes. Ft0tnl is the sum of the flui d fricti o n, flui d fri cti on in the 
tubes F\" t, fluid friction in th e well F\"w' enlargement and contrac tion losses 
in the tubes Feet a nd the en largement a nd contract ion losses in th e well 

F eew' 

Note tha t Feet and Fecw a re the same fo r all three different fluid con
ditions. Closer inspect ion o f the (o rmula fo r arrivin g a t these losses will 
show tha t the losses are depend ent sol ely on the velocities in the well and 
in the tubes and are independ ent o f the viscosity and the d ensity of the fluid. 

Tote, a lso, that Fecw is of consid erable magnitude, a nd in the case of water 
it represents the major loss. In th e case o f th e liquor FpO \< is a lso of cons ider-
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[or IIle liq tror and or 
1o" ill the 

rics ill the lUbes of lroJll 
the dIcel of the lUbe 

After a careful 

head losses 
lUhes. 

01 all of the da La a nd till' 
the 2%·il1(11 diamctc'j' tubes 

illmtrates 
tile head 
at 8:':.:')° 

the diner 

'\vas to llialch the hC;ld In" characteritics of lhe cal· 

(i(i JOLR:XAL OF rHE _\. S. S. H. r. 

GPM )( 1000 GPM x 1000 GPM x 1000 

3.-1", II1 feel of YS. in per minUle. (At lube 
2 feet pel' second.) 

able In the of thc fillma", 
('XIJ(·ltcd. the fluid 

for the ca,c of the fillm:l's. The fluid frinioll 
,mall as to he negligilliL'. >; illllqrates clearly the or \I·ell 

il a11('(l'i the lOlal head losses cncountered in circulating 
III ,acuum pall cajilI1dria. for fon cd circula· 

!ion '<lClllllll pi-l<lS. 

\\';\Ier. of ll101e 

and as 

indic ales a calalldria for :1 yaUWlIl P;Ill. 
llnhl calc illld {onlranioll for the 
well as the friclioll los,,-s duc to \ iscous flnw in 

:111<1 cOlltraction io,scs lor the tubes and frictioll losses 
the well due to \·i'cOlb lorce, (;ill be disrcgmded their comhined 
effect \I·ill ;llllOllllt 10 lllon' til::ll I percent of the lolal frictioll losses 
for the calandria. 

1 illustrates the total head loss II ill the clbndria ill fcet o[ 
li{jlllci nT,US the circuLI in GP\L Titi, shows 
the CI'>C for the three uids. lor the four tube silcs, and at vcloci· 

:lndria and the mechanical cOll1Jlonenh of the cin uiator werc 

Stl'panofl's hook. ami ,\xiai Flow . was used 
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Figure '1.-H \'s. Q. 

as an aid awl ;1 III the 
be described as a fOUl hlade. «>!lieal Iwl). 

wlldiliolh <ire: Fluid. 'V:ltC}' (~ = .')6.2:JO 
head "-' 2.(Hi KY.'\!. I'q. 

ra tio 1.%. 

The had a maximum blade 
of (i3 inches. all average or nominal bLidc diamclCt' of (iO 
minil1\um bl:!dc di:unctcr of ;'j7 inches. The (cnler "Til is 
diallH'ICL ;11](1 [here is a (Oll 

'\[aximUIIl hub diamcter is :10 illches and 
I ilHhcs in di;ulIcler at the small end of 

hlade 

..,: 
u. 

:x: 
3~---+-
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Q- GPM X 1000 

r•.--H vs. Q for 2·\i·inch tubes and H vs. Q for 
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(i.--Impeller characteristics. 

of the fluid Uow characteristics of tuile 
() [ the 

loss for 
Gtlandria for the' (a,es or fillmass ,II Brix alld [or lillmilss at H7.5 c 

Brix. curves lor the at R·i rpm. 76 rpm. 71 rpm. and (;) 
ShmlTI in dotled jines below thc () Brix cun'C for the 

of the head loss curve for 0° Hrix for the three pans which 
subscqucill to this first pall. The latlT is for a 13·foot 

diamcter pan with 10 pcrccilt morc tubes of 2::.~·illch diameter and a 
of gO illche';. These later pans the sallle total surface as 
installed ill 

arc indicated [or dala taketl ,II Ihe \:lnous 
when the pan "';IS filled with waler al C. The heal loss data 
for waleI' as takell in the ICsl almost exactly witlt calculated 
v;ilues. 

This dose agreement between the head losses calculated and found in 
confidence ill the method of calculation. Therefore. 

;lgrCCl11CIl t bct\\'Cen the total 

(i or (<. \S. 

76 rpm..'\ho sl1 ml'l I arc cdculatcd tolal 
76 rpm. 

at tbe lour 
and lillmass. Later tests 

shmH:(\ 
and the cnlculatnl total 
fillmass Hrix of 90". 

of fH rpm ant! 
lor R4 rpm nnn 

at H'i rpm indicated that t!Jere was considerable 
of the strike; this I hat 

blades. 
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or the to 76 rpm and eliminated the power There was no 
indication Ihat llie oi the pall sullcrcd [rom this reduction. 

lower of 71 rplll and (j:'j rpm 
seemed to these lower the or sugar 

obscrn:d yisu:tlly screen of 
iI'as vcri lied of the screened 

to cOllle or the 
that the lllaxill!U1ll circulatioll ral(' which 
the of the strike is 

more 	 Ihe 

when 
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