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annul  mo tnat trcaogor in a dcablo pipo t=t otohnncorio 

A quentitativo coscurmont of boat tvarr?o7 rato for tho 

fluid flcAnc 'Arc a& tho canaluo and otno throuch tho 

inns pipo cno dono In thoir invoaticattao Zo data marl 

corractod Pm torm of Cimoicaoco mng-,00, Udtor, 

undlIztod colfx000 nnd four di2foront 401tiono of 

rolaccocwvam,  tztro =do  roIlovincoov..cintiono uoro 

famed for diforcat rcAsc3 of Bo ala Pro 

(Tula  (m)r  

c:...)0.45500215 S°444 18 tav  

v30,0.14 5(L:000 
) 	(ft'L4 	 0 0 0 

OCOz-) <2500 
(2.06) 

0 0.01c( 0. ( )1/54: 0.14 200 (R0 <4500 
,0 < Pr (C00 

.04.# (2.09) 

a 6.552le(Ro)'6750 ) 
0(30)C005 	

• (2.10) 

Tho leaven= P.a bent trcnofor aczo rein ea) bo 120 povemt 

ocaparod to ttp on= of ins tor vivo at r(7_1;ti 

2.42 	Tho tnuogioial off to of ovirino cotton produced 

by tvictod ott?lp uoro r000calood by Ilc,170(5) co e3v3ty 

30 121. ibcoo offccto Ivo cinoo bocce ccncinod by Nnviouo 

Sx=otic,torc cuala asp Hivov. Unctotta 	;10001(5), Ecuovoro 

2.06) 

ri <2100 
44, (Pr < GOO 

"0  (2.07) 



e2 

tboir publit3116 remit° aowvai ally a C__-111 r=1.co 

tort vtviobloi. and -oric) licit ed to ci)oP.I?!lo toot 

ocil0k-tunticaop co that no Gmoroliood cc:volt-Aim 

proalottono ram Doo'llbtoe rnrcolio (5) # r.smittl(5) cad 
Itooh(9) pbc=tod data in oagiciont de:3U to gormit 

glarthor ovIlnationo tho toot moult°, 	oltitna 

110 paiont 9:zorocoo iu brut timotor 	cis.* raroolio 

clagl i ith rerdorted dot n gm? air cod v.:it Cr' 

CA 01. 	proccnted date c-,26 

corroloticao or convcotivo cad Willa,  ot-Arl elovo tiith 

rotor in oloaricolly hoctod tub~ 0 Mao 5 tho lorco 

onpor 	'dal mattor onnountorod by. tho' :D cit koro no 

dofinito cone:twin =0 dram on tho trixtion °Moto* 
Tho boat tro,z,lor (iota obtotuod van novo carolotout 

Orocoro2.1.(5) porfOrood toot° corx.7.7act nith tho 
/not° fluid 2 o:7 phenoconon in o ttiotoe, °trip 0000tt170 
ilo oloo ottcorA`mi to git cDpirieol corrc.,c,tiC:10 to tho 

firtrticA dotc 	roxeolico 

ficithtpv8 and 1ndio(5) otsvdiod vc:41,,colV diMritutionp 

grfiction leocoo cad hcat-tzmores,  e_t:Tt-OiZ,c2-111tIco jai gs* 

ondotair:atily gor gully dow2,cv(isil turbalont a(ra 

iu tilb1:1 Vitta ttilitCd tapaIrl ccaorr,txmo •Dat mro 

obtained gor Llteh to dicto:-.7 vatic o 	p.62 to 22.0 

vith both c2.1.1 ori rotor mor 	 Rorcoe convootiat 

tcntlnc conenlcao, (itog elco g+ lo 2 n):T:ronircto beat 



11 	rr 	50461) 

1 1. 	)PrO.4°1  
n 

454* 

trnofor ao7rAntlono from Co 	$y ;‘,.-11.470100 r4710 

corredtatIon pmalotoa i$D 

2.pr-2/5 

• •• (2.11) 

G 	Ccr,„Ac, . fin offootIvoinoo c1 tt72otcti 
121.,116.431 	oh, 

tVE431a/Ic Cif:motor. 

Sto noroaco un tsnt—trano2a. 000fflolc:.:?'. Or dr imp 2=0 

to bo 125 yps'Caat comparod to hent trrst:Co2 cooftioicat 

flOti• 

gto ora 1Jc13=(6) InvootI6ot tho :7.7.1.20rox.noo of 

tviotoil otoc1 otrip of calVonnt itch 	dk_motcr ratio° 

cactlirl cator.N,toro 	forcoa convcotIon t t trano2or. fib.° 

toot motion tr.o olootrioally tnatce enCi 01a2tlucod vac 

watoro Tho hcr~ a tznnoko? oao22Ielcat 	Canr2 to ba a 

funotic of r17.tola cad roynalao numbor e  LI-1'j to voluo 

inorosoota 	tb.o linerCaCO Sal tte 1311Dt';'? 	triotO tants) 

pertioular c.i.A.uo, A dic-noionlooD oom:(2,ntica we prOr0004 

t 

C.270 ot P-064:5 	4 (ii) Si*  
. ) 0.5Ca0a0 III/P:1 co) 

$*1.4r109  
CiEJ co ••• (Oat) 
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rhoroo 

I: p oltio nuolnrg, 

13 to Each a Wane 

tho dicoter a tatoo 

24,0 Dotcolot7 and Terlcatter(7) me° C3 cvnIrsrain of 

tin velocity(' 4 cnporatn.ro and preooure Cl2..ctrMtic:n in 

a turbnlont vo.torr vith radial. and naie:3, 1,101:7* The fluid 

vca antorinc CIO inner tuba tosuoutially. 

volocity0 t o 	ttiro and pro o. 	dint.Ttt-,-ationo, co 

ao curve° for ovcrall °nom or tcmporcttwo aerlmtlong, 

tioro proccnten and compared nith oupts.rircnt• 110 corrola 

tion ilet) prorcood by Vim. 

Dlaczirn at n (0) mile olnarvaticao ctho overall 

t tranefor 000ffiolent in lacmicontal Cambia pip 1ct 

oncl:mnGer an a ouirl olianbor attccbeC coinG votato 

and otorm co boats n~: nature. `Any ropa4:)3 en inorcaao 

in tin oro ll beat.trancfor coaffiolo=t cabotcntially 

at a noolinnl vQ;7ar =Dame 	ore~:tint3 Co ovirlina 110170 

raw Oa not att=pt to cormlato 

Tho orMonl asipraioal of tho 	roviou 

L' 31Q that (N.:7Daroritly 	infomatict 	av-N.ilablo 

vc3c.zain&: 

 

tho mot tmnt:Icz to attrlinc CZ7 Fr. alma, by 

inaotc* 	probcble recscaiC a tt_tot tho 

flees revert: at yoved Cot 	ta to tlenct':;12r_zofer otrz.ct- 

knot tut Viet? pine° it licn) ben poocible PAI oar labamtory 



to prods** such swirling flow In long tubes without 

the reversal el axial component, it is proposed to 

predlot end test the model for heat transfer for this 

system* 



403,6.0 

zaamaszazinz 
3.00 	rzrat7- nt for ctuCy of, heat tV:nri2m to ovirlitz, 
fica inn 3.03c, Vabo co fobriottOd co vtor notch ohoun 
Pic* 	cornioto o o mix). 	motainal from 
25 mat h oI 	8 pinto. a ho Ont o° t cbola tocoihor 
by tour 6 t tSo rola, To thio marl obt:*.borip !Luciao tube 
at Vic) acIblo :Apo hoct oroheucor vac) ft,co0 by oturtine 
to trroxte=c1t• Illiiyiduca plat= ori. tti) ouirl obczbor 
t/Dro prOviddl vith o cot 422 tvo to3coritL-la Sulot not nlo 

iliecAvica33.y oprzolto to ot..vh ot17'n*.  

340 

Tho ove,712.1 proataio 6.rop boter-aL Mo anal inlot 
cn (=not, reaoraca by a prentf-aro ernaco 

(i) can 2.co: duo to coam onrna,1-Th, a croccrac_ootient 
(it) Tim lcoc Otto to cefiCc e cost mot c 	orci 

cooticat 
(111) rzle-f3.1. prom= (Imp at tto 	bcna. 
(iv) Pm-x=3o &'op Clio to trioti r4  atrial flout caa 
(v) rro,  caro Crop Cleo to griotica C  trmf:onticl 

orttLg ripoo• 

a 
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20t1 vo3cttro 8z'op thus o'Worvoil c)cylccnttllig 

foal to 	to tho um of all tho prom= saropo 

ode  etcvot 

dP3 	t'41P5) 	 41., 0.01) 

¶ t QTc 	Econaaro caropo cro c O rct clloa bo1ot 

tto liquta °Moro tho marl 0::77,71t:Cir throtkseh 

toroottal czis,yp tho orcpcwocotton of 1:Lo pipo to outitdonly 

oraiszscalp tho -MO amen ooporatoo fm:72 	t 11 and 

lace= co a -Sot into tho onlc•cca 000ttcl.* Ito jot the 
cnpo to ft:2k tho ontStro °mos.:neaten 	tho atria 

oinctnr• Si= 0441coo botuocn tho ongriCitrc vIct cud trio 

otic. oh 	r;a11. to fillod vitt flnia P.,n carton cotton 
cnCt oonotdcpcbao turtral=oo to conamten tlthIn tit o 
opaoo• If tho volooitico 	tuo or000—cc-Dinono aro ?mown 

'Mons 

• • (5•02) 

V:nn is L 1 iq7.3.241 flot7o to tho pig C!:.II-x)crtt metal 

o tto ocrzo cootion of tho plyn to =Uloas? reLtood tp 

tbo anti. otrc= omnot folia~a orcan 	'-);.srv.T corms,. 
t:15 tho otrc= bib o'mtoot vitt tlfto 	of tin. pipos 



A, jot it forcoat tbich flovo into tho 	MAO in 

tho c=2.1 or ooctione aci jot Oirot contr,,oto an& tbal 

or:r.Clo to AU tto manor er000moocti(DI, anti aot-2 

(Arc= gran t'LLo point ©' contraction tto carta. vo1OOit7 

Ciotributic ovonttnilly 10 ro-eottabLiatiOC• 

ribe Icrw. gr= madam contmctica flz,) propvtionol 

to CI° trelootp head in the c11or Dim ^can In 
oarculotoa b to oquoticat 

fP 	Ve7) 	 400* (3.03) 

'chore t psicriTctionflUty rector 	lo   the contecco,  

tioae.l000 coot'acient ova VI" io tho am);--e velocity in 

the ocallor 	dot-at:Aram 000tions 

5,15 EL !4  

Tho 	r000cure 61"101) 	bo 	',.:atoda 

1.  c 
 

P 	co [sa:F 1/23 
tilos% cvy 	uoinG rzdor Dtotoo ovnticit$ 

5.24 Eall.raNj 	,JOr' 

617411, 	41 LV 
tur aff 

c,nnr.nc, Crlotf, n iboter '1' r:a7 be 	c',1, Cron 

.G791/(1).44.25 	for 20.111104 4: <10 ofe 	 `S. C3) 



3.15 	S funop TYE r4) RICTIOI? 0 

Soln proocuro drop may bo onpecto( In tho approach 

pipco to tho entry had. Thou& tho prec::Are drop vill be 

quito =nal it may be oompatod uoinG tho equation (3005)0 

In tho malytical Prediction of hent tranofor only 

the radial prooeure drop at outer hoad cc:aation 0004) 

and proem= Crop duo to friction in owS121 flow ovation 

OM) gill be mode All other prooeuro alopo are not 

needed se thov do not help in tb boat t&aancfor in scat" 

motion. So tDn total proocuro drop for t771t7 pirpoco 

ohall bo 

(AV) 	 000 (3006) 

3•2 

ordcv to predict friction loom° in tho evirl 

Slot/ boat onotnngor a modol of the bounnavy later muot be 

formulatod 

be aottal boundary layer vill =gloat the 

influenco of both the anial end the tart "tial volooity 

compononto0 It ohould be ozpoctod that Co aublayor mill 

be thinner ti}is pura mica flow duo to the eaporpoead 

vorton cotion0 Uafortunatoly•  tboro onic'n no infomation 

on ovirl bcar.Cprg layor of thin typo anC, the amplifying 



0.20. 

ac:atriticzo coS in tho onbooquont onowl 	cm b 

siaticanlicoC cnlv 	tho obccaco or 'iottta-) Ingolvatica• 

.ribo '
c, Good bcratrIcry Ivor nodal co.1.5.no tint both 

tho .c1 =S. tho tenc0,,ntial volocity oc-72 -jcizaato 	bo 

onpuoocod 	C.:motion° or 1i906. rirzo rov ino 

conpeliont tho mue3. opoolgic:-Iticao Car 	lcnincr cube. 

leyor 	tbn NagrOV CIC110, 

0410 (5.07n) 

4210 054)9 00 In 174.  S‹ 7.‘- 	 00, (5007b) 

p cab2,00 

The t..if:ontiol conponont 	.tarn 	 lincarly 

C3 tai3 pcs5tuz of Ur) bonneory ,.0 is triVOTN 

CV 
0‘ ,c Tot 

Liu 	
0.« MOD) 

vhioh follotn .(1= tho gm° cotton rolc,;11c,hip 

V CI rilr tIntio it3 to /mom no otroaotan acct t. Xn 

0 	- 	° 	- 

freo vottoz calm, tho en7alor cor.tatzr, fl•o0 tho pro of 

tho tanccatIoX voloottg oc•-•,00nt 	 point cnd 

ong point L-1 tho 	o oonetent i'.". V'n n• C.t 17,  

lo not (molly r=sablo to eveluatio30 	 t*as 

cntr.itituten t-r1 MO 	V°e tto c rov:=1Eitc tho tntio 

o0 iovelc2itp to tto volcaity nttetr::-:.7: at t!io mta 

lir it re3 rtarttor co'  tirld thot tho ( . C'Z'T 10 OCCOnt trai 

1019°2 
Iowa y- • 

,OGRKER 
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incocprom:it)2.00 tin =chemical =rear 	dtto to tho 

axial flou e.c.1 tho tancontial floc cay tX claoei in tho 

form of oqulcAorst M?/ qo to= to Gain° tho ovorall 

friotica 2notc.7 

(349) 
2120 0 

Pg.00 caturaoz (3.OG) 

(A1)„!LI  
11? 4 
	p 

rho ph o co dol uoodin t o frlelon analyolo 

*cad 	embvio no o, batty for fro 	trarnfor wadi t- 

ionoc 	tzl traria for chauld ttorofo o bo etao to tin. tubo 

call bong:tory Ivor flat:* 

iso in taco Eric ti on boat trawl' or co:)volatica o tho 

cooplonity of tho rooralto lo a functiczt c2 tho bcucinry 

10470P dotaila ca0 of tho Pranatl =tor egeooto connifiorat• 
ovaluato tto hoot tranofor no to Ito mini and tanccatial 

auto teal lo-,70 a sodifloil friotion footm7 f' till lacvo to 

COglEtax 17,1130 tho oonoopt of a codir.nca Rvnoloaos analomr, 

o_11 tho chant' offooto aim./ tho tubo c 	ohotail coatributo 

to tnnt trencC.or. HOVOVOr only a po7ticl GC to tairontinl 

conmtun trrinc.?ov 	how a nonvoctivc oonntonart oinco 

tho diowipat 	cencod by tbo 90 turn c.^ tho bo try 2104 lo 

not 111.nl1 to oontributo to mat trr.11:ta'C:.?• 10 cin that en 



offootivo oho, °troop s 	con ho doftr.c2 thloh 

doponant on 'oto tool vol 	motor the Ulm of 

the lopinar cabftlayor0  

s 	V (..A). 
so 

tho Inat trmO or ohcald inoronco in tto 

Tho clulmlont frAotion fhotor V for t!' 
total tont trmanfor nom btoomc) 

V 
= 00046 

(5010) 

=no proportions 

o port of Moo 

(5011) 

ttero0  go  m 00046 no 2 Cootitutinc C 0 50v/ii1E7P 

(50070) oni (3.0G) on forthor oubntitutnoc 

(n) *0 5a (00) 

from tho ooct20 oubloyor rolocity ot1.11 _at em0  yloldo 

2 
00, (3.12) 

(":: 	load° to 

*0* (945) 

(V or /1. ))112

(2cr2E)) 
450 E g 

(5.15o) 

(3.14) 

C0046 [i 
(verb/02-11/2  
45© eg,  

Tho Qattria calocy, vbioh to 1)=6 on 

05 cp  pe2/5(2 

00023 o u0 Pe*2/5  12 

Ebro ecot  c 

cn IntroecoLz the &tont= nurtor0  

• • 

• 0* 



tu = 000230)0'0  
(Vdc7dr 

450t 
••• (345a) 

cit c c cave2/5  .2r (icr4 nor 

450 r!%)  

1/2.  

(3.15) 

nblo owftatAon 	oloo bo ox pro 	in tamo a a dia.. 

mitral ran  colt nurftro  

at C3  CI; Ras,  ( 

FLU mofiol to bawd on bulk properttoo cud oboal4 bo 

o lod by icothoraal oorrootiort reptov 02 (0110B)-(456  

r000nmonaci b Doloclor(11)0 

bo fin form of ovation (.15a) 	tboroforo bo 

MI 0 002,(ROG  G(Pr) r; +..c..7Z2.h...,2. 31/2  
4502 te 

) (4)(4  

*WO (5.15b) 



MilliaMilati2anrarapea 

4 • 1 	711;.'iv S 

coot tho valid ity of tho propeoc copflol au 
prit=atal cot tap for obtoininc data oz Ioct tranogor 

to ovirline fXou of liquido vao cot upo 	ochotnatioally 
in fie. 4•01 czC also proocntod in pinto /3001.0 It conolotcd 
of a doublo pirp hoot onohancor in vbioh Car) inner tubo(1) 
vao tondo of otaraoor) otoel Invinc OoD 492.00 cm. cud 
20 D C2 284 rand  Q lencth of 1145 mo of tilt() tubo voo atcui 
jaoltotod by Isaac ono ma a half inoh oto pip° (2) a1ont3 
vitb othos noc000ary atom, fittinso*  To (3o o of tho ionor 
tubo of Coublo pipo trot olrob=cor a oviv?., abaribor(5) asohino0 
out of poroyon vao fizod by otuffinG bon CILTA"\r::=Ont • Inad 0 
inamotor of tbo avia olumbor t7C0 105 r ir3Co 3.01 ohovo 
tflotlibo of a tu9ical ovirl ohanbor• MGM) tncantial inloto 
oath of  liro 9/8". 2/8 an0 1/Ge inoldo_ cnotor limbo 
o=otrloolly 2krod to tro ovirl ohenboro 	a Sl.c1 ialot of 
ono luola dot Or (5) VW palovided for oc 	(Aim ottaloo 

lincnr fic7 of Ifkitaido Lacaulfi vao 	b7 a 3 h.P. P=9(6) 
to ovIrl orb.? ()i bp.p....0o VI:170(1C 	ntrol vavto 
(1140019) tuOLO. ucoa to control tto fl-c taToucla lazot,  
taboo Itgot g7CfraPOO voro r000rdod uoite; oall.bratod pmccum 



of trio 21(104 ontorInc tho toot ooction 	notodo Tho 
inlot or matItnt tczpornturoo of tho 11Qinat troro notodo 
Tho pmcatro 02 tho otonn cad (lloo ito 
1,70 *o r000lgle• in tocwraturo of tin ecan'monto t730 CILOO 

cooed to o't_71 att000linc0 es-tto rata 	tho iiciit 
rrrav 123ncare1 	volchiric tho lis t oo2. c3to r tho 
eat1ot ovor%o-:21 tico intortrol• Data rom obtairod 
ttrgtor otc3OJ ctto oczuntioto, ribo liquAnct modin trio 

invootictica azo =tor ond throo di fC ont dilutiono 
of Gismo rliao• rho otoom proocuro uoc vallod fro 1.4 to 
2 02 lrefora20 
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ccrf,,00 (10011022). Liquid vac rocolvcd 	Good tont(0) 

fttto3 vith a ocolinc ooll(0), Cold vntc:2 rap Domed 
thEwsh tho coon:De:coil, Liquid veo rc.:*;,onlntod to the 

11o:A oimhcnco? aftor cc 11 in tho tcm'-0 mho heat onohnncor 

ngtor ocolin in tho tcnh, ho hoot ono:1.1,,3r vno le=od 
Litt =toot= vopo cad plcotored vith Op_otor of Vorie 

to rodeo° the Loot le moo, Tho out 	cfobly tno otaprortcd 

oa a Dill °tool etcata, 

laot tnd outlot tanDomturoo tho 
and otom tc=vorctaroo torn raonnuod by ril,cno of calibrated 

oopporimoOnotncton thommocouploo (190140.00 All tho thommo- 
oonple.)o voro connooted throach cold jonV:;.143 to a Dee. 
potc3tiocotor, Tho cold Sancti= to topt in a coltine 
loo bath to attain n roforonoo tomporatto of Oft, Tho 

o,o0f0 of ttamocouplco vao =mama by n D000 potortio. 

cotor0  Tto mon:arononto uoro on do upto (41 	vith an 

coourcog of 0001 porcont0 

4,2 	Inv 2 

Thn 441.1.)1z39aploo =fro oclibraten -L:Anot n otzmdcrd•  
cormary 	clr,,00 thorcomtor of 0,1°C lc count, fiho 

avroo mt*„%dir,r.; 	to thorc000nplo vac;  Cee loop than 

tho cotecl rcninc of tho thozzoIntowe 

rito rocr3 cuppliod tho pscocco 	Oran tho t=ah 

to tho toot cc3tica thmt.1,71.1 tto crlrl et: _":.or0 2Ln irecoanso 



raaBILEI C.171.12;201WELI 

oct ts%o validity of tho yodol t rao doaded 

to confirm tto offoot of variation of tmciatial inter 

volooltpo tarLontial inlot dimatoro. o tsinoontio vie 

oOolt of tho fluid at aifforont atom tommtraturoo. 

9.10 
t mot volootty ofl 

boat tr 	or 000 fi /ant to ciu .n To:Um 5.01 to 5007D 

and Pigo 5001 and 5.02 doplot tho offoot of tancaatiel 

inlot volooltv on liquid ado film 000lMolont It eon bo 

ongoly oonolt2o4 that tho liquid film ocolfloicat iroron000 

tith toricentla inlot volocity. moo. 9009 cad 5.04 doviot 

tho oompnriew of liquid oldo fila 000felloient oolouintod 

from tho c[00, vith tho ogporieental ronita a It oan boo 

ocemludod fra tho fQ 	that about 9C FortIont of the data 
Rollo 	g 25 porocct0  

9.11 MELnajr..,24"il Mill-RX/ALAIMPrL _WOW- 

Tobloo 9.01 to 5.04 ori fic. 5.01 c",cti tho offoot of 

varintica Int:scoatinl inlot dicmotoro C tha liquid oldo 

filo 000fflacat. It lo oboorved frem t 	taro (5,01) that 

tIth the deoreaco in tho olno of tancJortAn1 entry Oa liquid 
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film boat tm2ofor 000ffloto doormoon, o ahoy 

thio afoot Cc; r tancontiol ontrioc of ac=ptoro 1/21s  

9/CP0 1/4,0  cnn 1/0°  aro ucod, 

5032 -,17=22..12,3410,,,SSIM,  

o 
ote.C7 tho offoot of vi0000itr cm liquid oleo 

fib 000fficiaait throo ctlyoorinowrator tfi  tuzao of diff. 

°rout oorsontrntIona ttoro ucod0 Tablo 5005 to 5007 end 

ficc, 5,02 oh co tho offoot of variationcN vi0000lt7 on 
Ltquid ciao gala cooffialatt0 .  It to obc.,').NcA70, froz tho 

P4s05,02 that ea tho vim:Pity of tho 1 	inoroapoo, tho 

Ilquid 	t octfiolont dooroccoo, 

503.3 

of vo cti ai in °tow tonycLtturo 	31cpaid 

odifioicntt s °born in tictscp V1,05, Th) data vac 

tab= 	di2f0=2:11; atcno tooPoraturoa to °tum thio afoot, 

It to oonolvtacd fir tho 1143,5•05 thatt_N,o vast ationtotom 

totaporaturo &co not afkoot tho 1 igcx ?P„Itn cooffiolont 

dimotir, 

Tho boat tsionafor data for aria 120y to alco tot on 

for o co7.710„,T1.con purp0000. Tahlo 5,00 c rico 5•06 ahoy tho 

of 	of love:Intim in tbp cc= floe rain on tho boat 

trcatafor cooMloialt for atabal flov• 

kata fez ron of 	for diffoz:V3 noti alto° tbrou03 

tho tubo tlith Coif fortmt tancontial ontztco aro tat= fm 

Chcrina(12), :'="L",%ao data am 0=11 in tabao D•09, 
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to29 

OtOcm offioi.onto for difforont cot° tem obtainod 

Pram Vilcmaco plot d 

5.2 MZEMII 
In a 1=3 tube it lc poociblo tot...1-7o a much hiehor 

volocity of liquid ct any point on boat tvancfor curfaoo in 

a evirlina flcz ac compared to tho vole:12.V of the atrial 

nor for the on= throuchput emA the rot3tion lathe liquid 

croatoo additional turbuionco thich in tam holpc to 

onhanco tho reto of boat trancfer in tho boat omphonsoro 

Tho oontrifucal acooloration producod b7 fro° vorton typo 

of marling act ivoo rico to a high btoycat forco to 

liquid In contact oith tho hot maraca c2tho tut° ac 

coon 00 it le nco in doncity bocci= of tczporature rico* 

Mir) a uniforo tomporaturo rill to doveLopod in the layor 

of On liquid to thich tho hoot to boil; tranoforrode Thio 

1w:from:lc tho liquid film coo fficiont ic:Ado the tubo cad 

improvoo the porformenco of tho boat onocacoro Tho liquid 

aid° f 11,m co0Oficiont for rotor incroacc by 110 porocat for 

1/2 inch tanzontial entry, by 140 poroam for 'A inch 

tensential ontry0  by 105 paroont for 1/4 inch tancantiel 

ontryp IT 240 Dorocnt for 1/8 inch toncoitial catry ft:or 

tho cmc fieri Vato (20 compared to =lel Acuo Tba comparicci 

lo town in 172.c050060 

It hmo boon otoorvod that in thio ,7:1 m tho liquid 
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ecoViolo3t io not tho oontrollinc fbotoa twat ate= 

MD go vatr1.2,17 rooponoiblo for l'OrOlotno to toot giou• 

tho otc 	 tit coesztaient to a Cer_ottat og holt 

aunt, tho Inovocoo in liquid Stu coofftnAint inigavotig 
4noroacco tho atom caZio gun 	nloo• 

atwortoctzl:atc(1 %tato° it to notbd tit 90 Iproont of 
tho (into itatAtb,in 1,g57. 02 no otoorvc3 tIontistEmoZor 
000ellolonto atlytaroo 5.03 on 544 aro tIoto bott= toot-
taiogor coofaatezt obcorim2 oil tient t,e,-0...nog'or cooggloicat 

as a ata t itscn tho propocoa 	Vic Ccviontica An boat 

tranofor oalotlatora IZEhon tho nodal cza 	obcorvoa hoot 
temator aooMoloat oca bo ettritttocl itm osporimmtnit 

orrov• 



calo 5,01. itporimtpl ilotin tor nctp.(.4v..02or to vat= 
got' 1/2 Tapcontlal atm 

&tem colgiolot05060 E2620  
br.c .0 

 .%.   . 
0ton tat= Q 

Inlot i Vat1ct r'cr** oc  Ibto 
Ihcacco tOolibptoo  

to0 

A...,  • 

' C=0 

acz1  0c101110. 6corvoil 

% 

4 
5 
6 
7 
0 
9 
i0 
21,a 
aa 
n 
24 
zg 
1.6 
23 
al 
:',. 
a) 
CO 
81 
Wa 
f?9 
fd4 

1 57.95 50.1( 105.69 0.3542 
2 56.19 47. CD 105005 0.5070 
5 55.40 44.0 105,45 0.5000 
4 95.40 45.10 109.65 004060 
9 95.20 42.10 102.00 0.7050 

6 94.90 41.E 102.c0 0.0529 
X 59.50 47.10 106.40 0.3942 
2 55.50 44,10 106.40 0.5670 
5 95090 44.70 106040 0.5000 
4 95.20 44.50 106.40 0.6060 
5 55.40 45010 106.40 0.7050 
6 99.69 410 C9 106.40 000529 

1 0090 40025 111090 0.5342 
2 55.90 45.65 111.90 0.9870 
9 95000 44050 110.06 0.5000 
4 94.20 44.03 110.46 0.6040 
9 54.20 4200 110.06 0.7090 
6 54.70 42095 110.66 0.0925 

1 34.90 4807C 115.19 0.9942 
2 94.50 47.10 115.19 0.9070 
5 54.70 45.f. 115.19 0.5000 
4 54070 44.70 115.19 0.6060 
9 35.00 44,C) 115.19 0.7050 
6 59.00 45.93 115.19 0.0925 

291:- 
251,3 

22C3 
2340 

2734  5179 
220  9660 
224,11  5791 
2401  4677 
Wit  4691 
255;4  4642 
2'.7.:)  4010 

37C0 
9052 
5940 
5740 
93% 

996204 
4451.0 
9050.0 
5703.5 

5574.0 
4402.0 
4947.0 
5699.0 

220  5700  . 
2C::;  9195  5451.0 
253  5076  4517.5 
29 '4  4410  5102.0 
26m  4726  5760.4 
27r2  5900 

MO  5020  . 
21L)  5510  542000 
24C3  4050  9050.0 
25r.  4620  4002.0 
27',";  5070  4225.0 
25740  6020  . . 



20310 5,02. Bnporimatn1 acts gor  2ranogor 
to vntcr for 5/C0 Tokrtnticl titvg 

steam oommiont m 9960 fir; 
bre 

Oulciakt< 

hr.oL.°0 

a 1 52.00 507 102.2 0.2014 n:17C 550000 . 
2 2 54,25 40,12 102.2 0.3505 2202 5500.0 9400,0 
P 3 33.50 44,50 102.2 0.4070 C250 5730.0 4220.0 
4 4 :,50 45.50 102.2 0.4950 250 55  0 4100.0 4450.0 
;; 5 55.00 44.50 102.2 0.5525 am 06%0 9519.0 
6 6 55.45 45050 102.2 006200 ano 5575.0 

7 1 ”oeo 9405o 100.9 0.2014 M05 2900,0 1. 
0 2 55.00 49060. 10E49 0.3505 nnco 5G70.0 5000.0  

3 56.35 40000 100.9 0.4070 MOD 5070,0 4504.0 
no 4 . 59.00 40.95 100.9 0.4950 P4C0 4223-0 5405.0 
r)  9 57.95 46005 100.9 0.5525 0400 4223.0 3517.4 
Kil 6 .5045 47400 100.9 0.4200 20c.)0 5105.0  • 

1 59.00 59025 110.7 0.2014 S:0 5250.0 . 
2 56.15 50,60 110.7 0.5505 MA 5724.0 5555.0 

Z9 5 57.10 4;065 110.7 0.4070 n'00 4192.0 4C04.0 
n 4 40.90 5450 110.7 0.4950 ni}30 4642.5 6130.0 
1,:,!e 5 56.15 46440 110.7 0.5525 CVJO 4045.0 5407.0 



tztor 
Inlot 
Proo 
uro 
poic 

?c, 	2 

c J. 10 
0. 12 
7, 2 
O. 
f). 
t0, 0 
21. 10 
v.. 12 
24 2 
Z4. 4 p,... n , 	6 .  ., e, , -•  0 
:A. 10 
L.-. 12 

:',;.).  2 
1:u.  4 
tiJoi 	6 
GO
(so 
, 0 

4,14 10 
/1). 12 

LA. 

0,  4 ,, . 6 
. 	0 

Tatit<51.03kei;tryntoli Data tre goat Tranc2or to atox 
2or 1/4 inch. Toncoutial ontrr 

&tom, c.,-,ogfic tent 5560 
hr. say. 

co  
UI EES 

rato anahroni0boorved 
oa  !INol/hr. 

02 oC 

Cacao-
tod 

EC 

blot Outlot 

51.65 
52,2 
32.2  
52,57 
53.05 
55.05 

52.54 
35.5 
54.0 
54,22 
37.35 
56.37 

54.7 
35.4 
55.65 
56.57 
56.57 
36.57 

34,7 
39.65 
5(415 
5C,9 
40.7 
50.05 

50.55 
40,5C 
46.10 
45,90 
44,70 
44,29 

51,51. 
50.60 
40099 
47.59 
40.95 
474 

94.50 
52.7 
50.0 
49.07 
40.9'.3 
40.2c0; 
50.56 
55.05 
52.24 
52.59 
54.1,E 
50,C2 

102.2 
102.2 
102.2 
102.2 
102,2 
102.2 
108,2 
107. 
10705- 
107.5 
107.5 
107,3 
111.1 
111.1 
111.1 
111.1 
1114 
111.1 
11503 
115.3 
115.3 
215.3 
115.5 
115,5 

0.2122 
002070 
0,5550 
0,4040 
0.4400 
mew 
0.2122 
0,287v 
0,3530 
0,4040 
''.4400 
C403" 
0.2122 
0.2870 
0.5550 
0.4040 
0.4400 
0.4000 
0.2122 
0.2070 
0.5950 
0.4040 
0.4400 
0.4000 

20;..0 
25:J 
24C:-; 
26(X, 
2610 
20 5 
1LTC 
27'0 
25c:;) 
25(,)4 
atzu 

27(1 
2MG 
24VV 
241:D 
29R0 
251 
27 ;: 

2100 
2200 
29(r. 
2571! 
27Gv  
27r,5 

5197.4 
4192.0 
4420.0 
5220.0 
4770.0 
5225.0 

2065.4 
4070.4 
4690.0 
4720 
4075 
5480 

3140.1 
4200.6 
4475 
4575 
4650 
5450 

5753.4 
5375 
4615 
4700 
5400 
5450 

2020 
3700 

2906 
3050 

2990 
3240 

4000 
2050 



212.b10 5,04Etirovit_ p:ot.11 Aa Cot' Eszt fitiancfor 	Ibtor 
M goy CI Cczontiel tritry, 

noon 0c0C0,010iato 50E0 ald,_ 

        

3t01, 
Xalot 
DE3004. 

VO, CtIVO 

Lotor com, 0 
$t of M ()Isnot 

t3 0L 
Flov 
[tato 
twicoo, 

Otoorved 

ren 0 tr 	0 

Orlouloto6 

  

Vole 

  

bra 

        

        

        

        

        

        

1 5 51000 54.75 90.15 46579 1052 
2 6 29090 51005 241155 452 1027 1290 
5 9 5145 57075 102.0 .09975 1760 2296 
4 12 50.90 5749 3200 1250 1745 2401,5 2770 
5 15 51.60 56.00 102.05 01591 1910 2e29 5145.9 

6 5 51015 54.75 103,2 1079 901 11C0 
7 6 51005 51.05 100,2 009320 1350 1750 
6 9 59 • 05 57.75 100,2 .09975 1475 1970 
9 12 :13.05 97005 107•05 0125e0 1750 2491,2 269402 

10 2.5 55.09 56,0 243.2 .15910 1745 2401.4 519400 

11 t 5049 00.5 MA 4079 907 1167 
6 51.6 60005 ULM .09520 152 1700 

11; 9 52055 61,2 111.0 .09975 15C0 1045 
14 S 	92,55 6045 111.0 ,1290 1929 202 2920 
15 15 	1,5.5 57,75 22.1.0 .1591 2060 5171 3290 

NNW 



"39. 

Table 5405 taparlcoatA Vtta tbu Mot Trenogor to 
0 ortno (52f. by tacht) 

0tcao Coofflant 

CrIWWJEFFONNETThwo 

Cok 0. blof
{

{J
J~y 9t t

le
t  

torp. 
0
0 

c:ca  111 

) 

i Commt 0oloulisto 

hVoe.00 
An1/ 	E0cli 

1. 
2, 
5. 
4.  
5.  
6.  

7.  
0.. 
94 
10. 
U. 
12. 
15. 
14.  
15.  
16.  
17.  
10. 

19.  
20.  
21.  
28. 
25. 
24. 

50.75 
I:  40400 
r4;  41.05 
4  41.4 
5  4.09 
5.5 41.65 

41.15 
8  42,15 
)  42.6 
4  42.59 
q  eft015 
(449 4.60 

z  42.15 
2  424 
5  45.59 
4  4;4'.; 9  45.5 
5.5 45.75 
2,  42.60 
2  45.55 
3  44.99 
4  44.05 
9  45.77 
9o5 44,25 

47.55 
47.50 
47.55. 
46.15 
45.65 
46.60 

50.10 
40.0 
40.45 
47.0 
46.05 
47,05 

51.75 
504 
49.65 
40.7 
47.5 
4040 

52.0 
49.05 
51.05 
45.65 
40.45 
49.15 

1044 
2Z.65 
103.45 
103.65 
105.65 
103.45 

107.95 
1074. 
.106.00 
107.5 . 
107.5 
1074 

2.11,45 
Z0900 
110.0 
110.2 
010.2 
U0.45 

115.75 
2,15.75 
115.75 
115.55 
21545 
115.75 

0.511 
0.452 
0.506' 
0.560 
0.634 
0.6E6 

0.311 
0452 
0.506 
0.560 
0:254 
0.615 

0.311 
0.452 
0.506 
0,560 
0.654 
0.606 

0.311 
0,452 
0.306 
0.500 
0.694 
0.606 

1228 
1277.5 
1950 
1250 
1395 
1607' 
1250 
1120 
1529' 
14CC 
1500 
1500 

1265 
1564,7 
1324.0 
1515.4 
1065.5 
127566 

22084 
115040 
1500 
1550 
1240 
1562 

24134 
2612.5 
i'.355 
2421.5 
5146 
4499 
2421.26 
2029.0 
8C19.15 
pula2 
P, 45.5r 
V445.3 

8960.75 
;;009.2 
8214.63 
2776.0 
7457 
2990..52 

8557.5 
P,062.1 
045.5 
2041.9 
2492 
2992.1 

207.0 
2494.0 
2657.4 
2933.5 

2096.1 
ao.2 
2644.6 
2994,0 

2139.1 
2590.0 
2690 
29C0.4 

2156.1 
2455,5 
2692.1 
2620.0 



2c1 .o 5.06  Enporkcatal data for amt Tramogu to  Olporiro 

(44. by voicbt)  
Otonn 000ffloisnt 2940 Rto1/hrd.00  

44---17-114 

64.eoco. 

WO 
DAG 

71c  C 

102.0t 

Po k, 

Cntlo 

o 

Twp Oa 

, 0 

&It() 
trey/ 
moo 

"0 	0 
Otnorma 

Col/ 

hroop 0 

Colea.  

lotoG 

sodi 
t. 	24 
ursa • 

2.4 11 9447 46015 97.05 0,298 5712 1455 
C-, 2  4(47 46.6 97.9 0.4075 2:a0 1095.6 1541.9 
FA1 42,02 47.55 99.2 0.5 :'7 Vir.3 2409.5 2087.6 
4. 4 4147 46.4 102.05 0.615 Ilfi40.7 23.46.4 2249.4 

5 44672 47.55 102,05 0.756 944.5 1591.5 2734.2 
O. 

Go 1  40.45 4705 101.55 0.290 (tn4• 0 1347 
42,1 40.? 106.4 0.4075 2'',01.1 1067.6 

C.:. 5 42.8 40.45 106.2 0.597 lif.,120. 1 5630.5 
;JO 42.6 4705 107.5 0.615 2,1;L!. 2556.0 

2.0. 5 44.95 40,25 107,10 0.756 1604.5 
22„. 1 41.15 40.7 1104 0.290 CCO 1299 

45.05 49065 110.4 0.4075 1.::21.10 1755.3 1629.5 
2,5. 5 44.25 49.05 109.4 0.597 MC 2690.7 2227.0 

4 43.3 40045 110 .69 0.615 ITN 2243.5 2273.4 
5 49.2 4007 110.65 0475- ZC50 1651.0 2752.0 

2_.(.4 1 42.1 49.05 115.15 0,290 C::2.5 1530 
2  44.0 50 . 60 113,15 044675 :470 1605.2 1747.4 

41/k 

5 49,2 91.0 119.75 0.597 100 2639 2506.1 
4 44.95 40.99 113.75 0.615 :1,1G5 1501 2396.6 

(.;. 5 46.15 49.65 114.0 0.736 L15 1550.4 2697403 

a 



2ab10 5.07 EEporiccatA Data for That Tranefor to 
GlYcorino (55V. by voieht) 

DtoaD 000ffloimt 0 5553 
hr D 

1, 0.9 40,2 45,2 99405 0.551 794.5 ri9 2. 1,0 40,9 49,45 102.2 0.576 709.64 1)T1.6 
5.  2.0 42.4. 46.6 99045 0,492 951.5 1;31;140 1311.7 
4, 540 40,15 44.5. 99065 0.504 1076.4 1;.),7 1492.0 
9. 4.0 44029 40.29 101.'0 0.666 11041 1,t7A,2 1740.1 
6.  5.0 45.45 40.7 102.6 0.7725 1105.14 1059.4 18C6i.7  
7.  0.9 40.9 46.15 107445 0.31 902.0 7045 
0. 1,0` 42,6 47.0 107095 0.576 742,41 M.17 
9.  2,0 44.7 46.7 107495 0.492 794,4 1451.0 
10.  5.0 45,09 47.55 10C.15 0.584 1013.02 1473.6 1609.4 
11.  4.0 44,25 40.0 10609 0.066 1020.5 11A.0 1007.7 
12.  5.0 47.05 50.6 10095 0.7725 1192.15 1f6 1995 
15. Cp9 41.65 47.55 110055 0.0951 761.62 
14.  LIC 43.55 40,25 111.69 0.576 667.05 1.:).2 
15.  2, 45.65 49.65 110.4 0.492 700.5 ;:'j051 
16.  3.L 45,75 40.95 110.4 0.504 1169.6 
17, 4.0 44.95 48.7 110405 0.666 956.0 41*. ;.9 
16. 54.k, 47.55 51.5 116005 0.7725 1161.64 1'0  .1 
19. 0.9 45.77 C.65 11400 0.551 765.0 (Z.:n.9 
EC. 1•C 44.5 90.1 119.25 0.376 754,5 0.55 
21.  2,C. 46.6 51.5 11406 0.492 097.22 11:;'6)07 
22.  54 44.99 49,4 11400 0.5C4 971.0 11:V.0 
L50 4., 45.2 49.15 114.3.5 0.666 974.6 1;i1.4 
24. 9.(. 40.7 52 25 116.0 0,7725 1054.54 1!,'(7.0 



Go 
Co 

untor thtor Tem '0 
Amlot 
prom- blot 	Outlet 
aro 
ni 

1 0.141 1.46 1002 3. 0.141 1.62 965 
2 0,211 1.49 1278 2 0.4 1.929 1,220 
3 0.282 1.44 1460 3 0•2C2 1.59 1360 
4 0.552 1.46 1607 4. 0.35n 1.98 1522 

.4.0.00164.10.11.0.0.0.1.1110111011•111■1111.11.  

47.05 
46.40 
40.45 
594 
58.75 

345 
39.69 
99.50 
99.9 
32.8 

113.55 0.292 15130 1040 
119.55 0.426 1520 1505 
112.95 0.522 1600 3.800 
113.3.5 0,600 1650 2010 
115.99 0.810 1910 2186 

1 0.565 
2 MO 
3 0.62 
4 0.657 
5 0.6975 



0.141  1.62  667 
0,282 1.62 1360  

0.644  10C4  665 
2.0575 1.04 795 

Olyoorino Ceta fo R.Pen of Strivl 0100 
Gary 

1. 0.141 1.46 11022 1 0.141 1045 1036 
2, 0,211 1.49 1315 2 0.211 1.4G 1320 
3. 0,202 1.44 1490 3 0,262 10C, 1510 
4. 0,552 1.46 1640 4 0.552 1045 1660 

0.141 1.49 1050 
0,211 1.49 1340 

5, 0.2e2 1.49 1530 
4. 0.552 1.49 1665 
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Po mu 	Ot10110E011.0112011, 

iz? 

Colooulc? micht 0 92.09 

1. DencitV(1;),  100 voreont Olgoevol 

0 1.27269 50,0 
10 1,2669V 40.0 
15 1.2644P 94.0 
20 1.26154 75,5 

	

1.25512 	CD.9 
1.24696 moo 

	

1.25970 	LfZi).0 

	

1.22560 	4;140 

1.20970 
1.20170 
1.94460 
1.10721 

-...11.40•POVIMIIIWAIMIOMINNOW 

Ill0000nv o 1! {mcome Glycerol Bolutn,cm 
Oontipolcoo 

0 o ol 	Uole,ht 
10 20 8  0 

20 1.005 1.51 1.76 2,90 
50 0.0007 2•05 1.39 1.07 
40 04500 0.326 1.07 1.46 
50 0.5094 0.6C0 0.079 1.16 
60 0.4600 0.975 0.731 0.996 
70 0.4061 U.500 0.635 0.0,6 
CO 0.9569 003969 0.3565 0.690 
90 0.5169 0.5169 0.3169 0.3169 
100 0.2030 C440.0 0.200 0.2050 

3.72 6.00 10.0 
2,X 	4,21 	7.19 
attov 	3.10 	9.00 
1.6L 	2.37 	3.76 
1.t..:0 	1.C6 	2.05 
1.0f.; 	1.95 	2.29 
0.9M 1.29 1.04 
0.7G 	1.09 	1.g2 
0.6C0 0.910 1.20 
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"VAL 
4.00 

,, Specific Vont (14) 

4. Mensal 0onthloti1,41 (14) 

tempo 00 

4  alkm.. 
bri*.°C 

.0'523 

100 

0.11 

All the physical properties of actleoeits glycerine 
solutions used in calculations have boo* found cut by 
using linear nixing rule booed on puny oemponent• 
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(9.72 ) 	o6cio4)°*8  

346x1 345x1.2366 
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