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CLIAPIDR X
INTRODUCTION

Sk ovcoollbont $ramofar cooffic icas dofdnno ¢k
Antonsity of boat Symuofor fron cno £1ul) ¢o orothor
throigh o vaddd coparciing thon ond 40 avrorieclly ogunl ;
to tho quentily of hoot pocoing theough sl orea of
poll ocusgnco 4n wnit ¢ino % o toppornturd diffozonoo
of 1%C. I¢ doponfio upon the £1in cooffioficat on tho
ifquid 02do, Cho thornal condudtapse oanl Shioknoos of
tubo, Sho oroont of cocdo and dirt on 0 tubo end tho
£410 coofficdcnt oa tho otcan 0140.

| Sho rociotaneo of tho tubo Ao ornll 4in comporicon
o tho tun of O rooiotoncos of the bOth Liln CoofL-
fodcato ol 0 wounlly ncogdostod. Por SI now fubon
airt feotor 40 negloetods In o gyotom winro heat 4o boing
tronoforred £oon condonoing dﬁoam $o votcyy tho 1iguid
£4ln providoo Sho major rocintcneo oo th0 wat troncfor
coofficiont of condcnoing otoen 4o vory Didgh. T porfore
panse of tho Deot omehongeor ¢an Bo Acpecvod by irnesonning
tho 14quid £A%0 cooffieiont by Dono CIctle

Tho nnjor rooclotraco $o hoont tromsfor botucon colid
boupderdos 24 turbtulont £lusdo 4o tho Xinar cublayor
nfjooont t5 0o vodd, Eho soofotanco of (OAc lsndnar inyow
40 proportion ™l to 4to thiclmoco, cmd coy dcoscaoo 4B



e 20

popiotonso o2 thio thickmens will rooulé 0 o comparablo
impoaco dn tho mto of hond txanofor boluoca tho woll

ang the ﬂBMQ

Ve cno soocoreh vorioro have trécd o roduso tho

thicknono

o? ninar owblayor by difforond cothodo. Thooo

ern bo groupcl ao ad ore

(1)

(13)

Ly toopcaning éha-intcnas.ty e oealo of tho
Suptmlones of ¢ho floving otecece Thio 40 domo
by plesing turbulence pmremomp uonclly opirod
4500 or DYTApo in tho condul®, Thoy havo tho
offcot of mmamne no¢ only ¢ mto of koot
trcnofor dut alco tho rodhotency to flow 0o
pettally tho heat tromoforrod por uni of
povce onpen@od Doy not B3 chensod(30).

By Sreroooing tho turtulones ©f tho floving
otecan by vibrotiono oF pulocticac. In thio
rothod S$ho 14quid 40 cuppliocd £ $ubs by o
roviprooating pucps Thoe pulosGlicoo £ror: tho purp
pring chout o conoidoradblo inmorznoo  in heate
teamRor cooffiodcnt,

(1) Dy comcrntinc ovirling metion 4ncido tho tabo.

tho ovirl in o £icuing otronn ¢an Bo cehiowvod
bye

(0) cootanfeol votation of tho piro Shroungh wdeh

dnudd A0 £1G7Angs
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{b) pusling tvaotod tapon 4poide (Do pipo through
thica tho 1iquid o floving,

 {e) Pcroing tho liquid into tho tubo through
toncoatinl Andoto o tho innce curfaco of tho

Subop

{8) Teroing tho liquid throuth o cuirl cheobor
inotallod ot tho vwpflov of tho inncr tubd,

Tho roilctivo ordto cnd dotorits ¢ proiucsing
ouirling flovw hovo boon dicowovod by B8heswmn ot al.(9).
It hoo W oa pointod out <hot it 0 coot oconomionl to
pmﬁﬁw oviriing ﬂ.oﬁ in long tubsn by roéng o ovirl
chantor. Tho limid £4lm coofficicats obicinod by edopting
aifforont pathoflc aro piven in Poblo 1.3

In ¢ho prooont invootigntien rowor 2l 4n tho
ovirling Llovw, oonorntod by Looling 1iqudl into ‘n
ovirdl chenbor £imod o o leag tudo chal? Lo oliningtod
by ompoping cols of cvirl bom $o ntmeophopo. Tho odrd of
thio voxlt oros |

(o) %o prodiet o pedol of hont ¢rrnofor for Sho
obovo oyotony

(b) To choolk ¢tk walidity of tho p~opocod rodol by
ecroriooa vith omporiccatal (oo for GAfPoront
phycteal and dynctde parorotol’e
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E0al/hr.n » 0
Twinted Tape B200=12 000
Rotation of Imner .' 1000=5000
Tube ; ,

Tangentisl Bntry 00015000




GPARXER 2

In cay otoan Liguid boat Sronofor ogadpment tho
ovarall hoatelranofor conffioliont 1o nozally controllod
by tho Liquid £ain ceafficsont, Atterpto have boon modo
for tho poct £ou yeors to rodued tho lignldd baandory
Anyor rocdctarss by, 442 foront Sochniquot. ko varioun
tochniguon ucdd oroy

(1) Crontica of turtulones by iverconing tho
rowhnoos of thy ourface in o amdal flov
¢r by inoropoing tho volocity of tho liguld.

{2) By &worting turbulence prorotoro ia the tuln,
(3) Imoronoing tho turbulonce of (I flomdng otroom

by vibroticno o pulcaticno.

(4) By. coosroting ovirling flov i0nido tho tubo.
k30 onn b0 cchiovod by

(a) Jototing tho tubo thivugh Ohloh tho flnid
4o to flou.

(D) Zo-erting tuiotcd ¥cpo in I tudo,

{c) Engsoctinz tho £ludd 4rseo Lo tubo throush
ccacondiol optxica.e

2e1 YD ccoddtia of tho carsxed in contaot widh tho
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gludd ogLcoto Dho hoat=tramnfor coofficficat Lor turbulond
£lew, Tho hooSetromofor coofficiont far o Feugh ourfoco
40 highor then for o onmooth carfeco beerzty Sho roughe

noos projoedicio on tho curfeoo dioturd Obo loniner
cubloyor. 1o ccroral eorsoloticen ovboving; tho oggoost of Tl
reaghmocs 6 (ho hontetronsfor cooffieirns omloto. Thoero
havo boon dovostigontiono in vhich oms t$y50 of woll Wugh-
mapo vos otellicds bat tho reoulto coumel Do weod to prodict
hoaS=tronofor cooffiodonto for othor tyy2o of woll roughmool,

Copo (10) m™dc a otudy of tho ralnGicy botuwoon ‘éoa%
seonofor ond Zsiotica 1000 in roush oirc liar pipot. Tho
pipoo invocticateod woro zoughonog by enl{ling both loft-
hopd onéd rinlteinnd throndo in thom, oo (ot tho ourfnoo
o sctunl ly covorcd by oonll pyrenmido. ot Sranogow
coofficicnts 4n ¢k forn of airemoAcaloc) torn [u f¥r
md frioticn footor woro both plottod wercuo the Hoyneldo
nunkor. Tho dots Indiontcd thnt eoto of Dot Sroncfor i0 )
proporticanl ¢o tho zoughmopn of ¢ho tutis.

Sarn{16) ovoe o moxo goaocrnl corrRotica doaling
vith voll rewrwooo,  vho dnvortidcotod bt tronofor fron
tubyo vith cavaro $hreado on thodr inmop otdllo. Tk oxporie
contald doto voo roprocontod vithin 2 1% orecat by tho
Dolotien

B G, 0,5 2
( = )?60.:9 o 00060(“"%&“)1‘;%9‘ %)QC'OeS
wow (2001)
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(1) @, = 4rofdo Sloncior of pipde
{2) Proportfioo ovnluntod ot % ¢
(S ug =U g./2 uhoro £,/2 < .035(%)‘3*‘3(%)&70

0 = ¢hrcal opaoing,
U o thecal Shichmonn,
o o Shronl DHight,
(4) 500 ¢l /v <2 m 20,

2.2 Studico of the offoet of turkuloned prowmotoro

. on tho rato of hoat Srepofor woro mdo Ly Noyao(10)s So4p01(10),
n@ Colburn cnd King(10), tho chouod thot turbulimes proootoro
potorinlly incecano tho roto of hoot trennfore A vardoty of |
turbnlenco preootors vorw dnvootigetod.Uofnol chomd thot
hootetmnofor osofficiont for rator ia o Subo wth opircl
WAro 30 150 pcroont highor ¢thom hoote=trConofor coofficicat
in an ompiy (aba,

2.3 Turbulcaco of tho Lloviany otroca ¢~ bo fnorocacod by
vibmtiono o2 pulcaticno. ortinoclld ¢l Dooitor{10) havo
otuddod tho 07%cet of vibroticao on bont CFanocfor £¥oD o
tubo. Lot et Toglor(10) Gotcrninod horl=0ramnofesr eoofl-
doicato Lor turbulont €icu of wntor 4n0f4Co fubcd %o thioh
pator veo cup 3408 by o wocdprocating puie S pulcas SoeD
fron tho puapp Uasudd oboat o cenofdorallo inGRCO00 4n tho
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Matetennnfor ceofficicnt ovor that pro(loted by
Pattuo and Eocdtor,

2,41 Dogo 4 Dlgar(l) proccatod o eor:ohonodvo qunlde
cotdve €dceno Aca of hoad tromofor botuoon rototing
cylindorse E‘b.o::o cuthoo zarooonﬁo& o pocooteicnl i‘aé%w
%0 tront tho Cinito emnulyy vidth vhizh ¢ o uwood in
tho omprAnsatal vorks

E-ehor(l) proccatod hoot temnofop Coto for ofr |
ecatedncd bottoon horigontal concontrie oylindors vith on
dnpor rotading oylindor cvith ond vithont oslol 167

Bjorklund omd Kayo(l) procomtod Lo conprokonsivo
hont tronofer datn for cdr botvoon conerntrie eylindora.
Shoea ocuthors prooceatod dote for cylin€ord rotating in
tho oo oo ©oll oo opposito diroetionc, Your rotioo of
of opnultuo %0 4amor oylicfor pedius voro unod. Thy oerrole
ation propoccd by thom #n |

| 1/
ﬁ:\% = CoAT5 T 90 ¢ 13, 2000  oe. (2002)

vhoro Dy, 40 $ho Juoools mupbor of capulno Loz otrenn 1ino
2louv (econueticn bont tranofor) vhich 40 Copondeat only

on coot::)%m

Sk hord tronofor chornetorfotieo ¢f votor 4in petctionnd
codia boteaes horincmtal ccacontzde eyoiniopo voro otuldicd
by Eooo o Dizoan(l)e Primory €ladd ootlcy 6w to rototian
of tho Amror Oylimdors cleno, ard duo $o 5otatica of dance



D
oylindor vith sovorgo £lou oraood by o G4vABor, weo
ccacidored onnorinontolly for tvo ratico of cnmuluo
tAd¢h $o0 fmmor eylindor rodiuc, Sho roonito for 1D
coonotyion oad primry fluid dynomic esenliticaoc woyv
corrolatod by o poracator rolotod to tho Ccmoraliocd
otability poriotor. In thio otudy %ho 200 Qun voo
holé copotont osd tho tonporoturo gradicad wao cdllewod
to vory. Tho IDat tronofor poculio vore C4von in tomo
of tho pararotor [/ m,,

Da {%,=2,), fol B2 |
s . 015 Bl | 20
" e ree (200

Boehor ond Hayo{2) obtoinod ospori~ tal data S
ddgforont ﬁ;vyod of £lov in an onnulo vi<h an innor rotote
ing eylimdor. T hont tramsfor doto word cabiividod into
tho followins two 2initing ©c000 and QO (Caoral €noo,

Caoo &4 Aginl flov uith soro vob(Tacn,

~

Cace B .Dotrticn of Smor oylin€er vAth
goro gpiol £lowp

Cooo ¢ CGomorel caco of conbincd Oxinl £lov
ond rotation,

. Tho hoet trancfor doftn from thio (ivly ond of

provdcuo inve {8cations woro saryrodntod {0 tommo of Roymoldo
auobor o Soydor auntor cver o vido D of thoso vat;ﬁ-s
obloo in torrD of fodrly oinplo cquetico. For retotic of
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oy G4G not propocy ony ccrrolatica Loy conbinod
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3. Specific Heat (24)
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4. Thermal Oonduotivity (24)

temp. 90 30 100
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All the physical properties of squeeus glycerine
solutions used in caloulstions have deex feund cut by
using linear niuu' rule ’bﬂqd on pure semponent,
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