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Zi tho 	g at € p1.ant$ tho con1cnnk'O 

chr 	? pLorc oii rIpOtmt , 3.O in Lto po 'fo t e * The 
avcdty, VIC proont ort.Is intend fo the atadyo de i n, c~ 
po octrnco of eon o in boat cmcnoia. Foss convection to 
tho not inotont tdo of beat tmsf or in the condensing boat 
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cn4 flucsoit'o cnn1yts to cmdrwatioriof pro V 	za ao fieai . 
Thon, tho rrho1ationo of nunoDous des t atorD fôt foDCe6 omvoowi  

tion a do .mss M in 	1 paces are twi is&* Tho 

O `acs of : bIa nowt vapour ioeit1,*to, *on cnsation 
of vt3u?s an also dtPOIsG.A ? " 6i uOiou on. boundary 

L t r, tffoe of tho o oiint Of tubes in a tu 
tat* conde4aor condoation of vow lc e use., 
thoxaj ic1yip, vIz, L1) opproach, Is dó4td , 

For tho ozporthonta3. not up* the desIgn of a doubiefptpo 
con6encin boat color for a 	city 4 ton Is nado. Tho 
proccdo is the dinenooed nd tho data obtainc ux ; th.o air, 
tit are t nb1at , 
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The results of the sxperuarital york are discnasd  
in the last. Zt is + baerVed that the 	erirnentQl condaLng 
film and voter film coefficients are In good agreement with the 
p Ices nee on thin t 	ti4m . bade.  
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Wits chaptor deals t1th tho £rnd xtio of 
cvoctton Tho dioziiiono1 analysis to dUms0oO for tic 
eonvootiort Tho 	o1' 	1ista .tor cn8oncatton of v4poug,  on 
horizontal taboo cud the (11nowdonloso fors of this aniyejs 
00V both WxIZMUI CAd vcttci. cziraooc txo great  troafte In doni1. 
Coo1ctica ano prediction of heat trawfor tooffitionto tnd 
cp1ictIon to design viLL bo dlecassed ineubooqut obcptoo0  

fr0:3 a fluid to a U1&11 is a Vary lmoftzt proeoso La tOOriWj 

host tromfor. It to SnvoivcG in most oU typos,  Of beat echo 
g*s; it is Involve4 in voiouo UDYS to the cDertio. Ofld 

of onginas and Ott*O1 types Of wobwleal cuipt 
210 trCador of boat Ma7 00MV in ofto of oo of tho ocscnti 
U tteit tjoys VLZC D condUOUon, 	=a ecuVoCUon 

The 1!oOt inpotat M060 of boot trwofor in 
Condcasins hoot ochonc' la by C*nvGction, Convoction Is the 
pzoeosa of tianoto of beat titbio a Coo or a UiU by vvvix4 

OSOGO of the fluid, The eoton of mo fluid may ba ccuacd oithe 
IV dlaorCaU in deasity tdQLn tho flu14 or cee oocbcntecl 
40v&( Th3 Ant pocoao Is caliod natural convctto; cud tho 
&xcon4 	eod convetton. 
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In the beat=, on too t Gf(l* of heat t1roa 

placo betvoan flutes  th8t are aopateI by c 1c7cr of O1 
motcr1a4a Beat fiotis foi the hotter finid tc the curfeco or o 

colid by the prococss of oonvocttn ofldI*1 condotion The hoat 
than f .ouo thz ut to colid ntoiici bycoat on oz io 

f2n.U` doUvorc, 11t3 the suraeo to the cooler tlut4 by eonv c 
uen /or c'ndncton duo to the. tomtien Of s u t £ ..c at  
tho au acoo The t.ano cD of boat iC such ca ei z tp f2od1 
ho,eVOr by tho uco of .cceUed conoConf iei to thin 

med off or both enductioA c c ection. 

~: ~ 	. ~ ~~~ : ' 	~ 	~ apt , .'~ .a ~ 	~t.a 	• 	~ 	'~ ~ 

#';Ik. 'm S 	it 	'1 	y 	. o 	 J } 	3: " 	~ . 	`S:r - di }~ 	'~ ■ 	iR! 	lF !. 	y 	A: flwl! 	A 	A 

of a bloat 	O O or cca1lc6UCP  

foUOLnc Muation to dODl:tbO thO cnectto co1in of ob -oo 

-e, A (TS — T) 

t1 UC  1s Ia of tci 700=$ to ao t3outc&o Lau 
of Cooliaj it has pvcd t 3 QaU7 a dtr inn of b 
ratter than a lot0 Zt ototea that the boat raioo per unt 
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iros and do from 4 s1?faco to a fluid fiouini Ong it i.S 
equal to the product of tho t :oz t r 	roronce 	+ c)n r 

rfi oo cd tho Duos f fxj tbo Zfacø eru3 a quM t r 
nth dopczdo On the +Onocttvo twcor to floviri ,ui& D  
Ito ' r ProPON rD Of thG . rId, a o goty of tbo 

It2ong1i flq. l I is Coxrall7 ucod to totordno tho 
Taco 01 hot,t t':o by corwoctim 'w a czac end t* fluid 
in oontct t4tbit tdo relation, Ia LncGoato t onpI ntho 

.aoontu i 1020 'fir 0 qzazditatv0 evaluation of the c nvoe 
betensfo coo 'gt Cnt ct Start ith a 8tndy of 'O or 
of fl18 

dn the aloa' host 	O!o tt 
Vail to a fluid in a tuba1cnt flour  proAnd that bosh C 
flou b conduct 	in tho ttd$t 	e3ni of the all 

natural 	oet a laro tc atnrc dvcp in ti5 laie o  D 
move rt o1 ic f oc the vat  tho tovcmcrit of tt fluid cido 

loon atoopvovCU uoIj, laeUing out In the crnin•roe 
p fl øu1 	 rbU tjy over a flat p atQ the tcoturO V. 

t t2 oa 
 

shovz in i iaw2.1 Lllu.ctretc,o th000 adc&O 

O romm dIcUOOU oigoato a cothod for 
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. lu6 Sinco ot tho jntO?titCO (1.o at y = 0) beat glous 

only by, 	tho rLto of beat .lc' an bo oaoulatW  

tbo CUctiOfl 

i\o 

COflOt of On c act vo4 	nfo' ceoffictont 

sc mob mro convicz . ordor not to Loo igt of tbo 

F!K! 53.i 

ütin&EB Zl wa 1621, to Obtain  

-kçf 'I) 	(TS - TOC) 	404060 • 

tho ob3o*t RM thicb boct 930t t ecu MUO Oflo 18 i 

8ionotonlOc rom tø 

-4, L 	 ( 7S - T-c 	*0-000 1040 
- 

o cotbncton of tc 	octido?  
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octOuetivitV of o fluid Ug I.n the fo 	it)  

I1X N NO b 	=ltmbn to a iiDonlcco  

1 o ofl of 3q i4 eh oø that the Uuaaec ab 
cow bo &utorotod phya&c11 w tho ratio Of th tcoraturG  
evc5iOnt La tho fluid t 	iDtOifl OCfltCCt tth tho ueo 

to a raforcc tiao g icn ( TS - Tac )/L0 7 p acttco tho 

Thociit tnaba I s a couumict coczzDo of 	 ca ,qcao 
t tsfa cotfiaiQt bo co , me* Its vcluo Is iztn the 

Kf 
= NNu  WOO 

o tGp8ratO di5tibution for to3 atud 1loing paet  
a hot safl1 oa aitccd 	tho could UaG 133 fli lv ovs that 
the to prat O giont i thO fluid is ooflnod to a 	t v 

thin lcy v S E , In h ► vntty of the cT. eo0 ¢o shall no 
irpUty thO tfliO pLCtUO by i'oplueiuz the CCU tOipaWO 

dtot 	on bytbo duh ot'daht line bovz In rIZ,14 ho 
d ~ 

 

	

ot$ht line iS t i a t to the ctw3. o.. ram 	ro 
at trio 	ccUy roeota ttz t )?ate 'dItzthtion 

In a h?pOthtL0D1 lr of fwd toss S 	iotLi 
otrjneIt OZZ S tho io oatico to tile f1ot or i o t as the 
eat bdy fir, n this ctcnnt lycr, hot a 
by continuon cc tho rate of heat tvcACTz po ° w4t area .ts 
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8 cinopootton of I qo , c3 sbrni that h may b 	ccoc 

kf 

L i4 t 1 000it nuubor co 

ihi1e thiii pctw o Is con doo ab2i vovc p 	c I 
dt 

	

	u r to thafist tht tho thinnor tha .t1ypothottctj  
r 3i7OD  S j v  Clio Lcor ttU be tha convoct&vo ntftietmco,  

Wcimtor Zaro 	ttion o boct p3  4t  oxO d erpta to 
rd co the bunMr7 1oo thZcmoiz ae posaib1eo Thic 
can be nC UO 	uc afliri: 	vo1oott u6 /z the 
tusb1ance of tha flui1o  I insulation of. tie zrtaoo o to 
4c .r duo  a tbt atoncnt irør i.c  

a Novo amm four Bono A ciothodr 7Gt3cb10 for tho 
ov uc t on of conece i hoc ?onpfor COOtft 4 

,► Djaonoionc 	uer 	ooabtno with o inent,o, . 
2 of mathozctcj, co1onu of tho bout ary.►j ar 
Oquaionn 
A ' hcto cnc1ti a oZ tho ' 	Oar I, 7OL' by 
.nto r 	tho 



	

, Tho moo+ bt ioc hontD  mtscud triont 	s` 

An tt7 of thoso tccniqnoc have coos 	`to ou 

un6or8tandiflG of cxivoc' vo heat t 	o?0 'e . tm single QOQOd 

cc ► c vo oU the pob1on8 becaco oacb ono tiau liuuXtottonr, vbich  
'DwAc its soopo of ppiiction. iy tho £'tt tsotbo6. is dent 

n the oUoutric c3eetton. 

1.6. 

• y a I c tubtiec1iy Zc cud haa  
found the vl ►c uuo ofapplicotLon. Zho •C IOfc U t do at  

t o tOthod Ic that 	.lt $ ObtOiflOd by it Oro Icpioto d 

uMo two1eco titer t opotonta1 dat At 	a little 
to .ou`un8oratwi6ng of th• tro p oo bt ilttatoa. 

the iuottion o mtan413 %ho vie of oppUotton of  
exosr t. data by 	 .e :r them in to of  

Thô most oe o ltitatton of t o ono Mal o 
ic:  that i ivo 	tn trna.tI n .a u tho natuso of tom.. 
bcw 	X taet to apply  dIaentonoL ona1to ItIs 	0 
a7 tobov boSoroiai t ctvaathio j uaco t1. pbannono 
on the oucoco or ta.thi'oof tho math 	md on ho poor 
oeetion -.thoie v02i t oc. It to tbor o. o.ior to hare 

o a prolinInay thcoy or a trouts hycicol undoratc8I 
of a pbnonon b o a O1ioionc no1ysioo pe 'or 
1oovo onco tho .potcnt varicLbloociro tmoa 	1iaonallw 

X010 can bQ opp3&cdto neot problcu by 0 rout .no pocdrno 



T III J J 

dj=iiozi T c. of tho p .oa 	ni1ioxu s otw7 
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. 	to' D L 
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plot th2.a pzaøtr 01u6 tho CcX4fl3 Cr On a nlngio 6E'0 

DD,TMUMATIOR or DU&IflLECC GUOUP8FO$ED CflVEOTXO) 

A irio cotho2 vUl noo bo Muctseatod for 6otointn 
iorlogo ampo by epp1VU3 it to tho pb2o o 	iotin 

cco 	o8tnoo dcc tor a fluld  
tvticzit 	ttwmb a boatca iuwo  

tho 60ce2.ptLon of the 
p00000j, it in 'oconbo to 	cct that tho po&o1 	itc 
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four pELtiu? dlm=10016 110 tbro 
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Tho vcoo of Owfiv, cuo g £?O to in OtOEI2O 
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Xt van .ron nob that on the major to*0o acts on the ci6onoatc 
la7o tao vapour f ctton vatbor than avitTp  the Velo ity 
dl0tzlL tic r3lcbt £ol1oo that tout3 tar p poo f2Ud ,th 	*id 
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ro]tjozio ap4yinj to thi 

They =6 tho gblloving relationchtp for vapour 	 u l  

(ç) on tho CoflenAcito 
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Moto that Pv to rades to tho U044 VOU of paau 4rop an 
'4P7C D/4& 	SU the above oqwton tho vaiw of 

£ 10 tho ft$404 feces for the vu in the pipe 
acmdowatop and tho valuo ttU be coudderably t4hor than for a 
3L7 pic zor ooctinj a corioc of toctop thoy mado a clAp 
rica c3 lotion of data rcm Oonaongatlon ofou f1ovirg 
vard 14 atorcoo2 tub of hib v000iti c 	a 
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Th 	lu Ofwas oAcuIoto for tb purposo of thin 	iation 
by utiUaing 	B1p 	eton The lire .Js that tho fxiCo 
faotor Is obtanc frzi thO uotlal (lrapho for we 	not 1in 
(thzo notLioctine the PZ'OOOflO of tho eoudcoato) cut the uc 
In that c 	rago' VaIM of vapour volociti la onplayodoTiso 
proper avoroo Value 'to be uco8 idepond.6 upon the  the, Onadonsingroto 
thrzz o tube Zf for con dCo the agamption to MCDO 
that tho oondoaoinc rota Is OutfORM cn8 thOtD ftOPOrbVOo Ono On 
pzopor c'orje 	.00 the ono t4th tiiU iivo the 
tOtOl tOtion) 10 dotvc to bo 
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vowo 	In tbovoiuo of 67&,atho top of o 	_p o 
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tho thovut1ta7cononsesG2 	and 1i 	O5BGj 
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( 	 +tr *04% rs +fit 

p ore p- o1oo Of tho M 0,42t-ág end  
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2110 oouroa 	to contzctin,3tho tota for t a 

gun ctio of vpour on a ton Vertical 
tU pono eon o f obti odQ6otton zato rach Mat tho 

RnoZio tb,r*/1/,* 	aoco tho 	VLo 	of 
UtZICh 	1OUOO bth; tIiO l a not tlio 003e tittbzorsontci  

bc t t tho ckmjng boibt (U D/2)  

ollo  Boo of 	tho 1or of enkinnato on 
.+o ioto Pat of %,0 t b t1 man c 'ietcx for thc. ontzo 

ObOU31 Ito oboo the Uno pctotcfrc Ek 	M 
' 'V brk 22  c Matt %o data for o co <m ttc ro tphc 
o Oo ond Do m A on vortieoi, boc ive to 

33 



D 
E 
F- 

r,r 

RtCOMEMDEO FOR VCR(AL 	K;  

r r '1► 
To ,RETlLAL 	' 	 k f  

C. 

25 

	r/r,. 
FIG. 2.I MCADAMS S RECOMEPDEO CURVES AB AND CE FOR FILM-TYPE 

CONDENSATION OF SINGLE VAPOURS ON VERTICAL TUBES OR PLATES 
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ocnixxthooroti*4 volation of Colbim 10 evvilablo 
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210. Won vondUng tho bottom" of 0 Vtcoi tuba', at tbo top 

Of tho to tho local 4001TICIOnt Oor the •cto = line razilon 10 
aXD by cquatiai 

?/3tr) 

fld that for tho tzient rectorz Is be on on equatim otUQr 
to sq, 260 '4th (fso) "PlaoOd by r/ 	izØ. o oaø 
4 /31/40  fl(2 	tU the tor('P//)°" 	ivin 
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2430 f/4? 

--- 	 77 
cp,z 

The moultim Intosvotca ro-inuou ma data 0.1 
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tt*Z 0t*I /1 0  IS Gbtt tt 110 	 tZ Md 1!? 017,0 foi 

fto 'cctitoo of 	ao prodlotod by the cbc*io ouoion 
1UO the GetS coettor oonoiikrublyp they thow in C4moroj kcir  
,grout ulth tto poLctc2 Uno for tits t3.ct *e&on to 

0 iw 0Z 1.,7p 	& to viot to covoniant to too 
znnbs zM &1=tOV of tto can ba c3woniontV 000ui3C 
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ft2nc tho ve1u *9 4 r1l, cn6 tho Imath la iot valmto  

OguU emacnate  covert diftozent ve,ouzc on 

ontaw or vor&o1 tuboo h1ing b4tjhto tiai 32 to 2 

+r/M 
pvcnau Inntora of tho 0004cuatte film ritp from 3'5 to &O 

Tho Values of tb, etu pmereadvoly obwo tho Thaoodt ozocton 

fO? 	ZOU cw ttio oondcanatlenCo 	vatcm lacreacod nt 
p6tj a=bov 1wroasado Sho 	are aicAlar to th000 øboa. 
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queodt and W COMM 21ho nocn valuo of the, boat tctcfc 

udod that The tixatltloa vaiuo vac pobAbi7 botmon 13 and ZQ: 
in D oarnin4ti1 of cc1Zab10 =porlmontal voculta, u4ob cooc 
pond to Cna aasurvtlon an3 Ggu1L 

To Tbo v0sulto Of his tocto C'O proimatco *2t tO,0 of tho 
croup 

k 3° J 

aaO thO Boyx34a ao' 4- rby for a mbber of Valuco of tho 
Pafl aubor of tho Utd6, Tho oco roct3to acs proacato in 
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pointj tho data to conrncinc nO nzbcozlioi o or . o'rj .o 

vpouc; 	tc tc fo ubcooltng oncdftz6O to Mw 
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i#oat c u i forD f 	t it of satt at . Ala, u o IiFVVo hotooc, 

withcori,øaporzt5tni ourace t i orate 	0 Vast p O ?oSO 

.mzpostozLtei vapour hao bou found to transfer boat at. 0 oto only 
' •c~'4•i ira.stad v p: , Fo czu 1 -, orb boo 

thug. ia conaøai a c tits 	p'orbotD th: ra Of boc ► 
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or 	.tc: own v little 	io tad.n:cmpug th ruto  
of bo. t :  pormit oa ?/4 ''rnaltipZrin thvalueofbm 
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t Deure IT,,id tho aaroco t peiuturo 1Ts ,- 
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it may happen that the temperature of the tuba wall 

is above the saturation temperature of the pure vapour near the 
vapour inlet end for the saturation temperature at the outlet. 

Under these conditions$ the vapour uiU be ooled without coedeu. 

sation in the first part of the .apparatus aw3 i . condense in 

the latter part. It should be rcma' r :t2At coefficient of heat 

transfer In the dosuporheating region is vary smallcompared ritb 
that in the condensing region nd such problems should to divided 
into to stages. dosuperheating and eontnsing.. 
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. 	i 

In sections l«9 and 10, derivations for film.tvpo 
condensation of 1v apour on a horizontal tube have been presented 
on the useelt' s theory and also given the for la for a ve tteai 

surface. 

Maddock$ ind . ated" the formulae for fik.eondensation 

of vapour on a vort cal tube ti th slight vnrLations based on 
. wits theo s, the resulting a rasion for the rvorage 
coefficient of beat transfer let 

• 943-J 
w 	 Cff .C~~) 	c..a 	•a 

02'v alternntivoly  
Kf ?i 'ff ^ f)'` 	'¢  



COOLING, FLUID 

VAPOUR 

B C T TOM CON[ 

F,(~-2-2.FILM CCNDENSA TION OF VAPOUR INSIDE 

A HORIZONTAL TUBE 
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Mira c k rnt oa on tilO irt3Sc o of a vi to at.., 
o coudeeato nett cølloe4 In this bDttom of th tub t 1 f3.cir 

offin the aziol 4iocion Tho ho14 ac 	t oto filling tho 

000 cctioxi of the tubs acts to ?CO 1tnoat 3xp to1 t 
of tr ota through ft s rkoct oD orb thot po4Lon a tho 

tubo abovo the coed Coto to fOII a io 0 to 9'a ShOVZL in tbo 

f2 for pro: heLl of the tub is: i b otea.vo fo t> 
boat tno t 
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Arai over the rfueo covorodthe eociointj fir  (Lc. 

	

ovor the tlu 	.o 0 to 99 only) . 	e the cvontjo beat tnafo 
eooffioent over thy. s a  

o o36 d 	k f ~~'f~-JW2 A~ z J
Lir-sj 

 

_ /•746 	k~ ~f(~f -~~'~ 	
4rj4 

z*0 

- 

2 3  

8 



COMPOZI con of oquationc 26 23 and 22C o, that 
o Identleol in form cicopt that tho tiTx1entjth a for tho 

vorUoal varf= or tub* In opiAccd: by tho ub3 61ormtor D in tho 

C3O of the ho'tntd tub; oleo tho cnota 0,43 of 
Io rG2lCCd in Cq. 2.85 by tho quMUWA p tfttcb is 6oz6eat 
oay on tIo valuo of the ftiu =aU a . 2he oqtionø 2o.2a an 

2J C'.1ca 61frov In that nttaz (L4?) of 1q. 	.j 

tnflq 23b! B1.0  aCtiof the f .iJonhov 
ovor In the copcLci. of theta equatims that both riaTro iaeo of 
the 	tifloc 	and 	ich tire to up of pbysjoaj, piopo 

wirI 

6 Cp & 6 mp, ___ 
both wi z& 

blob* 

vortiaat Wbo,o, io oboe 'that at Ima as the 	otn 'f flu on 

eofftcint viU aontinuUy dooeae 	the tuba icgth  iS=  to 
the 3ou4h of the CUo t attroe. Ca the othor t1ma.0 for tb 

outi tubs a a particular 	 ? mararod ZMm the top 
ot thotub* Via, 2.), the £UU tIticko is conatt vttb 
ioth 	et pointod out  by t2eAc 	a Dip rjla 1izriti, tubo 
baz, a Motinat cmto ova 0 irt&øa1 tube for cladcZeation on 
tb outi,Lo *nQO 'vhcnOvOP the tutO 10 
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!:" , 1:' c tUQ td a ratio of I 	O ttX t O 200010 

c o of coo for tbo ho ont t ztiionu ,u 1O ix  
tlact fcu the votic1 OitOflb  

p 	cv a : 	be hoo are a matbn of faotoo v e 

tc~ is t Ca 4t 	tcgo,Firttp apQi!flaiI estIcationo 
h,rj 	Occ that conoizthij t t rrflafo c 	idcDo oo 
ao7cD2. t3tJQO aO nbcni 	Iw thz tb000 	enc b7 q. 
S3e1O txoc,nte tub3care tacx la os 	hr bi ing1  
t" cofa ...inc tz ter, u z a of tuboo o a 10 a rou 
tn&. to LfC a# 'moo tbloae Of thz liquid film csv tI mob7, 
rcGuee the boat tcoior °emu do loo tut cihehh j dja s 
in detail In the not coo. Thi if the tuba is cft tl 
long 	cuc&tLon t tuibiont 	of the eadd. Tilt* occzro. 
on the v al tubo ui 	buont tncrowo in heat tcnctej 

Th2: . stOf thOO tfoe c is 0a417 to into acct `. 

yit the facesZ2j the ceeond iti acountod  
tor 	 8 . V 	ALto' (ND 

ttero o 1zo1 	czba 

Utth thu 	OO t 	cLo of heattuor oeffioi 
.t conk tinon o t ra n.t to- that ovorU a 

eocs 

f/ '~'~^ v 	o• 943 (/• 2), (ti 2 t /4L 	 /YD7  

GO* 2GZ  

o in TLOU the tbi 	cioto of nab. ,+ to a 
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vtea1 tu1 	XCttO VMO vocc t7V 

ID gcnorrUy accapoa 1# ccthzc tho 	tc42t cz i 

of i x 2a23 tad 2V260 cI2d c.V2ij for (0 flcitiis iuib 1, c xcD 

3 (/~4&J = X05 (ja) 0'a~)r~ 

tho ccnt!r : 1c 

OflO obt, 

0 rA 7J__Ei___-7 
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thert 9 istho zov o14 41ef*no4 `nlz Mae coa=cd fm 
tho top of the Wbo to tho point vbOrc 	noi fflu Quit 
at the toey of the bt 	oicto. 	z 	ci 
OQQti 2.23e ciJ 2 	for tt ict&o of 	tttvortj 
to pot 	(bringlne In tho wcommWod Mltiplyina  raCtop  
of 2*2 for tho vortical tube) gvoc 

-257) 	 Ve#*V 
_!! 

It may bz noted that tor LA of 300 .d tho  tuba  halt 

filled with ciiuto C 9 • COO) the hon ntd tUbe  bo ert 
avanwe of 214 

ttilinc the iovor *rose  
otiou. of the bori.zont4 tube of Pig, 2.2 is in 1winw flotj 

ct8  daviv0d DA ozpnocion for thG boat tuts though this 
tc*rnonto gtvcn by  

'-] 
Le   

oro '4, Is tho tictoo of the conftlenc film at tho fflc 
exalo 	The beat f3.ou tbroub the upper portion of the to 
curtaco COVOCi by the ooncoinrj film till  to CLvcn  by 

(oL) 
QQ 

vhoro t3fi3 evabaetoo ftot 13q0  Mawt, thilo the *eiuo of 
no 
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otho 
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of b 	hcoa+ 	tth 	&u or ttic& rocs` 
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A plot of oquaton 	10 pro=tcfi 
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1 ► A~ 	i 	oss - 	„ : 	a'v 	s~. v _ a .~ 	: k 	9 	e i ' - c~ 	tt i~ 	~,. i 	a 	
k. 

'y I - +b 	' 	to :- 	c .u1 	+F.fi .a 	A! - 	Il 	 -t 3 	wY' 1 	?t. ! 	z - A- ."• 	Sk i!. 

`tor tho bzk of fG 	 th 

QUO tGc or tho data vas vootl8a' C4 ' a .m -3 f the 'iii. 



b5 

i3O c O at a t:Q p t ov atLn to 	..O' t3tI QI' of tUb t 
OVOZ t ,  ? r. CO O.V toot con n: , 1 D TOOOSS a r rr 	Cn 

j 	s Or -f`ivfo of oD c tvo ttzt3r bu m toat . 
oac1 o as to stcc in o mb r of POICUvo 

ms In do tut bcrk 

: ' rtdo ob 	ttons of tZic to t x cug i t 
c, t ttiji tit4cb cbuoG t t uor all end ti 	rato of 

s 	v a vary q$Otg ot z?iuo iLu `o; 4 an M 	rs 
tubatn tt 'at At tho ' t` t3 of tbo tat ' ; o .tquft $ o z 
v* fah foU to tho £000fltub bCo G&O not 1torc tcIi 

O 	c t tir th point 0g ojan of oath c 
cad forth co .tho! t 2 X*c10 or 	ctio s W-coo 
t ;~c 

 

b3oor . 

Cofntto eCDb at .0 r  too of c Titon Ac ` 

Ltoo f It * 	•on U the 	 ex 	fafling froi L zve 
O ='Lam atub 3  

f.00 	oac 	itrt .  op 	cot X ' VGin* vMk t +tom 
2 Oa2cd the fLir icirtcs ZVU0 that pr of 	.*. As tbo 

Paco of uumon tac, t 	r of Lvs to o 
a or 	to &tttb e3hi 	1t'a7 vizi  

PIp2cd tL3AFor ail. tat the icon 4tot of ccn 	i. 	' 
U9 fcU of tho both of +ac : of tbo io take £n DO. 

tm 	McLzcow 2ttOnB thø 	ccn to tmea tv 
m c 1.1 ,6 drop + f ° do tUt3O fODOrcrtdflj thobogs. 



bs 

o cJp,rtQontcl cute mo nccd to Invon lento tho 
£iltCO0ffiCiOflt of hoat t rL for for corucnoInC. P?con. . 
In 0?d. to conpi?o F n$:2 frith otter f1u4s, ojj t00% 
results torn , ivm in tows of boi t o' offi*font, h, 

3 2 

and A o t * T'. a also 	fic4 Ito ijgoic 	poittoJ 
1) 

 

all data to bo plotted a inst only tuo vartabloo , at eo the tO?° 
3 2 

	

A k 	takoo Into aCciunt tho aUght cto3 in ptitrieo, 

p .opO?t2.OQ of the 	c) in O .a tO1pO?cLtU'O racy, 

It UZU3 fob trczt tho o oriz on , rOVn:1t , that 

the film coo-"ttctont uaa  ell - for the top tub3 , . Oator 
fo he *ar tuba cparod to the  values baod on 3uaoaLt  

Piu io plots nado i rUn eotioitdA k/No, 
the . ow log set of cxpmtións for the fibercooftaiont,$ i,, on 
the cat old* of 0 ho 	.a ,. tltitUblA 0OTdCfl50D 	°O given 
by young od Uoh1r, 

O ari At V1UOE Vora a2ix QO=P utth the 
thoo?oticL valuo a 	by Ia ~ ~az 
lone for tho €  ficicnt of boat t io vora * occ 
i c 	tore e ia t con tint. U. +c vatUe r 

each tzb3 plao In a vorticaldo . Tho Vc uoo of c  

	

i 	`rtII O 	i ftO3. LO3UItO 02 O13fl. ot & a4 as 

pr .tc c by knot c t Wccs ore co 
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Okt. x 

s 0.655 	 0O ~ 

Tablo 2 0 0 0* 576 	 O93 	Q, o$ 

Table 3 a=0# 555 	 0.36 	0551 

flI1Q c 4*d99 	 0.40% 	0613  

able 	0 .466 	 0.375 	4,495 

c n of 	mho oorxrientc on. a COn6OnSOr iiici 

hc4 40 fizmc1 tub, caO iroofeet 10 s, with 10 p 000c for the 
tinter, to obtain e2Ipaiaon b3tton tho porneo of S c1° 
fwd tuboc on6 to o lu a 	conser,Thi, 
condeaeer u c totc by ixuittaUnit ho a ',mall' on a 25.,ton air 
conditioning unit using Prooa4" « 2bJ ab • Wdttior n unit uaa 

operated  . 	oa load of 2000  - .2200Q0 B1U/trfuxnisho  
by the b). iu, bQin coo 2d, Tho ,titer .rata for the eon s 
usavie" f` 	to t o per oea nth a variation in Freon 
pnE oiuro In the condenser ace en ui a chime in the Later rate, 
For 2culation puss, the topoxturo on the Fri sio Lisa 
ust 

 

ue as tho aaturatton to orat 'o carros n&tnC to to oporat1nc; 

reoeu a in the con 	, The ove alt`' O fficic to uoro bac 
on the outeido na of the fiun.ed tubn which hct 3i jnz r ftt+ 
a . n hetht of 0,0G3 inch a the root 	or rno6 fr3/Ot  
to 1!, 

s e Bi t'cnt proocduroo, as outlined b1cu tiio uc.r,d 
by the authors to carrolato the date. 
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Tho fircit proCodPro uaa to co olato the data Utth 

the theory of flu000lt for plain tubs4 he avorajo file ooeff.  

&ciont for cdmeing vapour on V tuboD in a vorttcoI rot, 

takcu as a £nction of the coenci,tnC eooi'fict oat fez' a cinglo 

h1 tube haina2tt-1111L 3.11 
110,26 

ubozo I = average fltLber of 'tubes in a torticca.o'ti, 

If the nuibar of tubas em one vortical z'ou are ditf 
Aorm another roTo, th3 aq 2.12 bwcd on iq, 142 nr ba 

used to find out the avez'ace amber of tubes per rot, 

75 et!J 	3.12 

Eubaeriptø Ip2 j3v  etc., rotor to iu iuo1 ius, and 9 in 

the flUGr oftub-in in ouch rcn. 

1.'o Obtain %0 MM coffiotent. for c entng FrCMV  

the O3?U11 coofficitat vao 3Opa2'at Into a trntm film eooff. 
Wont end the omdonsing till coofftciont IW Eq o. 3,13, 

_is - o 
'horo I is tho z'eaotanco of the Cool 1ei rcw o no1ootdO. 

Tht vatez'fi1ri cocITIoLonta yore ccputod by ho 
R,2.1 nu1tip1io( by a 	,inj factor 1.18 o to right hand 
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At 	 I 

ThoeonanOinti MM oofficiflt coriput by Iq.3013 

Is tho  avow con4onaine CoQfflieflt for Ô1C bv1ng 

tubes por rwu (3 tubs in thou' c oxitirnt) VttCa1iy one 

above t.:74, tber, Th2 cort8onsing fUn COOfficiQtQ foe single ftnnc 
ca 	 oo of the to usod in tco ct,ndoncoro UMO to 	fon 

their previous paper. 21  

From the availnblo data  datav  the evoraSo vsluo of the 

ezponont I in £4. 3, U iiaa eslelatod to be O223 afl compared 

to 0228 used for plain tuben.  singe fiunod tubas represent 

a combWaticm of horizontal ci6 vertical imrucoa it appears 
4tUtcult to prodiet the omet pover that chould ba mood for 
the average .nutbsr of tubes in a rov as indicatd in &. • ii. 
The data showed eoncidorabie oprod In the ezponont for several 

as compared 4tb ovorage valuoo 

the data  vaa to plot tbo reciprocal of the overall efficient 

as a. function OR the VOCIProcal of the o,a potar Of the uator 
voloctti vU U11non plot., For this OonpaAeonp OdIcUlated Ii 

ttort drn zL to 4flToront Values of & t ad the zctuaI ponto 
also tyare plot" *n the cam tigu?o. 14"be e$culated Linea 
ucro ,dotor-Anza by va1ca of tto overall cootficicut oaielated 

at infinite cjd a pceticLil eater volooIW4 Zia values at 
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iriftntø tto' volocity woro obtincO IV 

vc1uo for a oiu@o tub3 under eerzo gonOttions tW tie footor  
instOC4 of O,75 In 	1.414 	Ovorall efert 

at, pactiezi utvr Vo10ct7 Vas ealoulutG6 br corn1ng th 
wator ffln and. 	ensZtg f ilm 000f fi clont a4  Tho vator film 

cc-;vRjc1,cnt vas c1 1atc3 b7 ur4ng the Sq. ZI as =61flao 

atm. T"an c2bg :UU3 C3Of1XC1Gt uae O1Cititc b7 Vussol  
ttG OOttOZk, exL'6 Vw valuo uaü so adjustod. 	trial cn 

oror pr000so until tho 	eiaturo fimp acroio the cen&uirj 
film used in the Oquation u30 proportional to the 2?lsiOtQcO 

of the condenaUigco 	film ti capp&rcd to the ovorcfl 

hop and ovorll oeietAnco,. 

It va ceen that the data tiere 	lelotoAt 
uitb theac. avvosp uttb goofl cicrooaent at the u 

4 WW proeeuro opioyc rio iCor cboc!Lg ttto 
roittio!mhip xtiocn cacu1otcd euI cnporincntal Coogrialcutag  
to prc&tct the ovoraU cooflcict foi' the 4otu1 	 Mons  
0:0 oceb VM by iasinj the uterfiie c,oficont cn 	iruj 
fUr' cocfictct for slnzlotubas odifcA by the rcctor 
corrocpondina to the 0,25 por for 11, By such comparison P 
the azpGritentil ov.orU cootftciente uore about 10 percent 

on the evorngo1  then the calculated coofcietonto, 
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Dotn Charte veto aiM c0n8ttactc to fGCiiitLtO 

to p,ei& ci'n of tho alwfaw reciulramOntG tftM contcmt3tnJ P-12 

ofl intarc1 8pil finned tubov havinC IG fins per inch tmd the 

nothod of Usinc, theo chrtn C*r designing A multi-Auto ckmo' 

tmc also tnicto& 

at ei2  ticOe ens on a omdcawr bctin 

Din bo2tc1 ginned. tubas In a vertical DOtO The tabas had 16 

acu1 flu pop inch tat are 1i&tc as noriine1 IC Ma Vor thCbD 

mia tico up of coipa vil2i WC root diametor., The cmdamr 

c011 UCC Cowtractad from a 30inch p1pog  3 goot I=C vith tho 

Chooto 	/2 iU01 thick voided on 000h oL The eporiint 

vw Cm,  ductGOin tbo az.n= uay as epluln<;d before ead u1n 
0 uatorAp 'tea: flui3s to gta a 

r1do rczno of ratios of etir.fee tension to Ocnolty,  

ftnue taro into expoetca per1orcenco for patroicam or organJ4  

cb•iee3.c dW1orencoz in physical proprtie should be congFor. 
Cd .0  Gtztie oatO o 8otoine the I1qdd rotantlan en fiano6 

tub inctcatcfl Mat Uqulds of Wth curCaoa Aston and lezi  
density cft'cx3 to tho tottomof the firzrd tuboo cnd lawoased  

tho fth2 thio!noza. tu vatcation of 1iqztd undor 6Vnce conk 
ittano vou3.d b3 cact eLCnificcnt for thc sorer tutaa in a vortw  

&cet rovio 

The oore1l lioct tre3fOr 000ffXcionta uero ce1c3Iate 
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00  thQ zlcpo of tjbtch cpctc up= tho phydeal p, lrt o f 
of t coo Un ctor " d tho co ,.4C u or I 	.a0210 rod az t1Qn 

c rl o cO 
 

Of a*oettor tttQQ to tzzc1u&o the off oct of for. 
into on tbo ph ,Mol pro orUov cu cooling tJatc 0  3ir tho uoo of 

tho coxr etion ftctor (l G OU S)/ £l 	d. 2)  

tor tho oetx ob po too uøo o a civon tint in!opon3ont ig2- 

znatr&eL 	r tc otroI C do , f r oeff 
i 'Qra corps t4th 'duo 4ml lat f the Tuosalt 

act oqton for a c& of toot fl + ,flathor thon ipp1taij tho equatio  
no fo cod tho. hod zortol and Vo'ttea1. to ro3.ativo 
o eoo oosntcd p- as dusooi p viouoy Sq 	7LI vas Ume 
tiith the iOl1oin8 fn±ttenn of the qt v cu 6 o to bo 
upon tho fr l a2. horintai nd the tractions rtoaj ourff 

	

0.9-43 	f  

	

0-725 	 4e 

ors 

Aro of ftno Ito  

boa of ho mta. tut baying d c to 
root dt.ciotor c:t0  

0 	of 	CA `2  of t0 

13 	= Root dt vtQ! oft 

L 	£ va "ago hoibt of `. ZWACfI O`QOg 'u0 



~I3 

co t1oflo cnO it att tat` 	pciQn s The cotfiotot camla 

Vom f O it urtton. foV tube 2Tim• oban fz the oor1o1 
tu 	by tho Eq 	Ike 	.farcAcation uec tzte for 

IM-01, e to 

,r ~t r e a . s ' 	# ~t 	#~ 	~r. 	• 	m icr 	i x~rr 	a ..tr* 	R 

of Ziei 	for tIo top' u (tube 1) - for owe U utd 
loan ti 	t and la 	 that pr tod1ir0~200 
gm Oa n ixd&catct that 4 decal tn 	coec2etn 

-fear tub lm 't toptuo uao ruc Sons vim that pet3actc  
tunoit This e due to tho. acn that the liquidd ppng 

tea one tobo tioynot ntrie tho tubo b1 to r oo it ocena  
vA 	as t4i mcsx Overthe cnt*oboma 
aoaAlm, ' b•.. of ect of turbzilent flow of the 1iqui4 	d 
toto i.neeono the 	fictonts over the edeu3atc vote$ 
for the lover bibs trite m* 

th voroit 	du2ni boat trenefer coefficient vo only 
that of Uio top tab ON'dostin paces U we t° o f or 

ipp1tc toa b ."s tt of i 	ntei fivnO t1 og rrn' ho ezpeote to 
CVO c€ d .a..~ boat trcncfer eootficjtn blou the ooriti 

abort et tM tc me* o etmcnto On tuonty hoz'Lcon  
to plein ''taco• tuba, OI G25 in t 0049# Z oD *. for PU 

O2 2 in0 for ot?oci cnd bavinj o vorteol cinC of 106 iz 



O•2 0.4 0 6 O-R 

v l/W`sxlo'~ FOR3TEAM CONDENSERg 

F G.3.2. OVER ALL RESISTANCES AS 
FUNCTIONS OF FLUID FLOW RATES 



bott,cOi WDO cflt?OO  r-vmtc6 b3t3øu tut 	co to tpc 1. 8 

icb3a agart ci dotornlacd tho ocnOcaaat**:Mxm beat 	nofor 

OOOgrjcjO,at j3 Zo' intM1ucL horlsontol tttho In o 	•ca bt 

of tuboo  crtj czoe  tho O-z9orlmutcl data ulth the ianoo 

pcctc3 	osot'c .cxuiyl3LO for PconU  cad  Dtoow 

VhO  cmvoiztz proocuro foUzzt by 1th 

UQS thO ocio as that fiaccribcd Or1ieZ!4 Tho Moen tC3pCrtUr•O 

d1frorCM0 aaWSO tho fiti V=cd ftti 0.8 to 6,20r,  for the 

?rc,U toots cm from  x to 	for tho cto= toots* Tho 

CC2Z3OSt() not' ?zttC)t3 f) the top tub of the colotacorg, per 

foot of tub  tubo  jMa 	macdfrorn 2 to I b/hw for the Pr003$I 

tests cad froi 6.7 to 2 XWUra for the CtOCI tcl3tD 

The ma1iSiO of the vosulte tU*iiod by 02 anthoro 

mas.a.usbuy different jrrm tbe vast Of the poc nre se*assc 
! 	Fill 	pill 

ijj1 be bDioflY PrOCGntcdv n0j  aS  fOUou* 

Overall trmt9or rates Vora macurcOv tut eufficiont 

irfortiatto21 vac otLa to poAtt cxZerctiofl of the inoi6c flu2 

reataucc 	gm the oiatnido contIrmsato roc.etcnco 

is a plot of the eraU thcriAt roestcicOct for both c0ndc=Orsco 
for  tlwoo coos of ruws, trio t'ith vrtablo ¶nitor side (Lneio 

co tz,) roojotanoos and on ith a vciable aw4casatoe In 0 

coo the fl4d roniot=0 on tho oppooSo so of tho  tut uco 

vocconably conat cfltO 
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tho Im-lost Uno of T?tg0 3*2. An incoae in tho zo' rate thmuch 

the t3 CLUC j*vOr tjtO fib resistmeo 	vdth the 
co .ovorU tonpernturo difforenoop £7 inOaO In tho cn8caoet.o 

vato  UOUI6 cc-cupo  740 LDCDOaCO eo.onøatO rate ott eroo ca 
Lnorozco in the thcrn.t ?octDtcnCo R on tho condonoato aid 00  

lb 

 
moy InWea0a as 	eeooso in .'=oh a unnr av to canoo  

fl (the overall osi8tonCo) to bo a Iinoa. f*ntton of ]/O,8 
To allow for corto vatutloa in the OrewccaUy conotantD oii&il 
reta,aftneaq w oiaztiei of trio fbon  

'/3 pi 

a 	C2 is obtii.8 from the elope of the la if the line 
is stralghtv  or fv= the moon tam 	ucc 	e points it 
the UUO is CWC OVOOU D5'$t5tZCG (¼) end coizsato rate 

for eiur point am thou u4nd to obtain Cho 8ch a procedure 
appears 6osirble thou tha. redrAtemovS and R ao of the. 
awe oor of Mamltwo t.d the prooero for t3intotni c one of 
the resLatuoos ócwtent is highly cpUoatc1. 

.Miothor plot tms rado p  *sine, the C*2eneato film cocff 
cons for all tuo dote mod in this tabion frm the overall

2/3  - __ y_3 
OP (1) ç) eiO 4 //.4' for 

?rconU vtth is a good corrclaUou uitt the line obtainod from 
03 pd&etd voiuo b3eo4 on the Lselto molyda for top tuh 



76 

2 
pt .botton 	 ond d* 	 sbojod that 

the  bout tranefor coetrieionts with tho Proom..11 to be higho r 

for the tarp three tub3u then indicated by fluasolt top tube line, 
It oleo ahoue, 116vover, tba the transfer rate for the tVdle 

totuban  of the bank were loss than tbt indicatc.d by the usco].t 

tabo line as  =a  'that the loise3t tuba of the bank had transfer 

ratoc aroator then those indicated by this Une. 

For the stoo condenser the itprovorient of tbo transfo 

rcte by tbo tho spilling of the co mate onto a 1ovr tuba  is 
not oppreflt un.ttl\  the 4it"It to tenth tube of tho bmk. This 

mv be a result of the hi her surface tension of UA  eater thicb 

rould decroauo the hegbt of tail of drops or thtorijttcnt stre 

since the tuba jopLoluz Vas the aamo for each condenser,  

Uben a using  amdensing surface is contaminated t,tth 

tcfl03 ubich prevents the czndensato fro!1 vottinq the surf ace, ti 

vapour uIll condcaso in drops rather then to a continuous ftia. 

This is lxncun as dropuiso co 	sctton Drepuico condensation 

has been obto$noc) uith r4z*ures o steam and other vnpoiirs- but 

stean is the only puo vapour for tiid nciusive év2denco 

of dropt4se conceasation to available, Thisorowi inveetigatra 

have 0=i-nod the phow=Gna cnd ostabiitied that, mcr cendtt 

ions of ctez3l cleanliness, uotor utU ccrndeuso on a notal 
tufacc as a entinuuu ftlrn, it is eacntial for dropAao  
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cenation that aoro promoter, usually a fatty acid or cor 

jn other types of orgie caripotmd, be present on the eurfaco, 

anA those will give 0lived of purely dropiso censatSon 

f li1tod iengtho of tire,. Polishing of the Mot surface, 

the pr.senco of a GnAU quantity of no concensablo gas ji the 
topeisturO of the carfaco, arid the rate of condonsation aico 

have appreciable offloots on the life of a sarfac'o giving purely 
deputes condensation  as tliscuzsW be2ot 

Drev # ltiaab and 3tiith12  investtted the conditions 
Mdar thtch droputec' condensation of ateam would occur*  They 

the reports in the Ii terro that d ropdeo crndc 

atica Is induced md maintainedro easili t siznooth than on 

rough 	ace5. GciiroUy, Otear, cnta1ns cone contantnts, 
eppar:ntly inactive as dp.proters for a .ton metal#, vhich 

wn out to be highly effective after that petal &-is been poli 
! or oven alihtiy moothed. For the easy pr:tion of 

oputse c enden sat! on ths condonasti OU otwf aces should be as 
smooth as  possizao,#  tbouh ran cononaation rim occur on hi 

polished surfaces in the abasrice of cont•Laanto. 

The offmtz or opeelflo organic riateriais on the 
type of cdonwtian were studtnd on several ttp a of condenser. , 

supplied some  tines utth bofler oto= =0 smo tinoc uith puro 
4 tOX7 CAU count of the orccL4c compouad imer oonstu 

deration vas rubbd an the surfceo of tb condenser tub* or 

as in. octod Into the stow chanbim*Ccippar or  brass, nonol, nicito 
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OLUt p1tO, 	moncko1 sto1., rd3A øtoel, Old o1uiniuc 

OrO W308 as tho tasting =faCOS fOr proC.DOfl of rotjtGe 

eo1ofl5ati"U. The COIIrQ1 eonclusionn from the results of thø 

ubovo ozperi2Or1ts for prcotion of ropiiise cndarisat on mo 

For aU 

 

notals, mineral olic two iMfOCtiVO or only 

tliChtll dfective in pronotina drapuie conititton. 

	

2. 	For all r.o t .3,e the hiehr fatty acids aro gory off-* 

vOOZ and tho fatty btnors in th3 coe,tol MeT7 

and bipoii bffiA *=pounds zetod 	Ilarly. 

Iiotna Xantbcs, and dItUophosphatoocro v0r7 

affective an copper and the copper aUcyc. 

	

4, 	FM all ito], the njeDbojao organic flitregens 

compounds we crgmic halidoz tied aie Inoffectivo oz only 

Slightly ectivo, 

	

5. 	 =a alminjum Could not be offocUvai 

treated to ueintain droiiiee Ocudaus~-timj altbouh It could 

be procured temporarily on mph surfaces ti' trettort with 

fatty acids* 

in(;morals the quantity of a dzop rozmter needed 

to maintain noavettabilitY of a cu - =rfa-00 10 MIMtO* 

ouo11 a iioutXl0CUiaV layer of the ctt cbst nco on 

the cotal is cuffcioflt. 

BtrpCon at o1 hcVO invosticatco on the conckutiou 
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of otoon and foun6 tho toUot4ug vacua ccntj, nacocc.  
i7 tOt' 10AP, IUo  Of diopuo condonoatSon () 114tid c1oini 
linooC of the notal surfoco boz'o cpp]ing the pte 
2) a poxectiy ds'y 	cid 3)' ppiton'  of,  the p'ooto 

A ioivoat thø ooi*at& OII OtrCOGUI aced te golvMV to 
pz!ootw 2O/ It vac found that 	poziod of tizzu tiae 
no4a ovary wabout btzU an boar.,wator thtoZot3.n of atom to 

ICZttUG btOO the sarface commed its 	 WCO of 
dpuiao 0(m6orwations bet# ozo attalac4t  to edttlon 

otZre btore tn•: bVO011nC Up into tho 
n4ZO4 tpe0 ho czndittono gavourina a 1nf We of 
CThOfl$At1Ofl VIM ==1406 tVatomatloollyl m(l it 
that a. 

	

	oau!ap1atod airtaee epplA,,Od 4th a ttzturo of 
ifttjo quttt ot light 1ub; eating 0110  táh 

lob hW Won baffod to a mirror pOUOi gavo eLtto of 460 
boure,, tihilo an ditto at 0.1 peg* cent of air to the ineeviftj 
'otem 

 
Increasod the Ito of this •eurfco to ouzo 	too tht 

Swan 404s w5 the erno Off 	on a poitsbc1 b 
o obtained ulth 0,15 per cont n&troion in the ato 

1aooa at &' fow2d tEAt the valuoo of the cvomft  
dde CooffiaJoato ranged tren i000 to 2?OOO DU'o 
tbo 1*t;ot value for  the  borjgo4ta position ond ths hi at 
value for the vortiaal poeition, 

Xt tbcr muG icationa tbor founJ furthopthat  tho 
aftoct of tube coanUn000 10 ooucj<eb10 clopeadjae on th 



tor ibich tho ccmooz tao used. Tho offset 
on tq ovorofl zoit trcuaror co.offoent Vae very 
it inoxeoøoti ao the VOU*1tV of tIGtOI? .Lo= 	bti3 a 1it10 

OboarVaG in ovo011- CooftIOL(Mi; fOV M0400 oønGom 
wtion by InownsinC tho water velocity boyond 16 tpa. A 

iGton of Ot0cm co Coorrielonts for tbo t, typo* of 000 

ctton chovd that 6opieo cc deøt&on Vao 12 0* 13 ti 
offcctto then filmwV180 Omdousationo 

It Ves totmd that 1ho Otom 0140 000knolont Indreamis  
in Voroont then tho oteamocheat pocurnro tmo jzcroa=4 Rmta 

2 to 10 irtdor on the witox nc it ito ucpocte tbt e&v 
QfltO the plate ow taco at tho 1oox 

pocw'oo. L3o, 0, 	 *eI of tootoY"S  i,  UOXtdCfl to 
torirZe the magultudo or the OttOCt of tI,1 quimutlea of 

14ort noneondorwahio jaC (ttogon vas t*c*) in the jft 
Otoamo That 	 oixito .cbotyc8 that tho øffoot of tAto g0 irne 
rna*l more for dropvlao oononcxition corpic4 t* ttt. oo condovo.  
suono  Th,o roason for tbo decu1otco in tho 000tTlaimt to io to 
the iac aa=Ulation 	owh tii.tcz the Vapour .rct 8Lffoo to 
ttko tnz'co of tbo concr:mte i3m*  
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'hem. maycl , v .t U1t pproch,of boat 

O~oflO Is tzO, " e eoxro3.ation of 	oricic ta1 dicta .d ' t. 

tho torua1 ana3.ysis ic pz'oaouted0 o dojn tta gaai..t.€ 
V017 , .d 	t1totivoiyv of boa ozago Is 	m ;, 

FinUy tho da5in of a do .bio pipe con thg brut to azWo 
In iUubtto&  

A boat *zcb G' .a a kWW1CQ ttb emocta tai 
tr efor of boat fro. ono Mid tomo a, 	e 	so 
types of az 	geyatenin 	roU S: 

'aoriw 	d e s 	:rt. 	ar: 	r ~r m t 	eta 	' 	a 	.' 	:tea 	► t 	a t o 

` Cf area uh cA "o nln tve2 of e p at*r 

O U ooionta1ir of t t i k' ►trcxiotor i to tu iIc1th a 
putiped hoat trcnofor diuz#j Tht3 tznfor fiuW cireuThtoo 

b tvam tho hot flu 8 G 	vbore the 'he alorrjy Is 
i$Chod up. and the cold fluid oheno t Coro tho thou 

or 7 i r u8 to bent tho eoi4 fluid, 

." 	x~+ 	.r r Sç MO the coto Ltrng ctaoi 
. .p o oc for can ate oS a utthx boat tronofc 	i 
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I$ rotated 00 that en act is poriodiaUy passed frcti 
tho hot to tho cold flow atrora and bath ogi4n. An the hot 
fluid paoaes thigh tho aatiz the fluid JLo coo4 old jhg 
rnatriz Is boated, and in the cold t1do part of the cyoe the 
cold iluid Is boated and the matrlz coolc& Type,00f 

are also called an rogonozator. 

In the fofloing coeulona#  the dtssion till ho 
liolted to the firat typov  that Is direatotroasfor type or  
eu.potor's, 

a 	 ø° 	O th1ftipip tth a feu equo feet of hoot 
,trmsfer uaco upto a coplez mrface COikafl8O2 	OVo 

Aare with zany thousands of oqucre toot of boat trf 
eneace,.Zbtteon these oz 	en is a broad field of colton 
sheUtdtubc ezco.go 

The ainploot type of sheliandtubo heat ozcbthgo 
Is shoun in FIGG.  3.l Xtconuiato of a tube ar Pita loatc6 
CO k=trlaally ini4do áothor tubs Uftich forms the sheU top  
this arz'tngetont  Ono of the tluidn floe threutjb the ia 
tube, the other throutjb the wanUs formed boen the inner,  
rind the ou-tor to 	Sin both fluids otreao traagvorco the 
ohenor only OnOO#  tic CrMGMOAt in Called a sinlopaso 
beat QnQ%t&nGO?kO If both fluids flov in ttio ncio 



czcbaugex to a, parallel flov type; if thc fluids move,  in 

oppoeito directions the c=hanger is at the oounterfio, typo. 
The teiperture dtffezenco bot'aoen the hot a• the *old fluid 

loo, In general, not cnetnt eleng the tabs ,#  and the rate of 
hoot tlai, vin V"7 from sotiorL to etion0 

Ulm the trio fluids flouing along the heat transfer 
mrface mova at right angles  to each oIcir, the beat ezcbenor 

to at the eosg is type0  Thz'eo Eeparato awme=tv of this 
type of othngoD are possible#  • the firat o.e each of the 
fluids is w.d a, it paaasi through the anehmger and Chore 

taro the teporoture of the fluids leaving the beater eetion 
a" not unttorrn, being hotter on one Old 0 that Cho othor in  
the S000nd CSG ono of the fluids t UflTtItXSd and the other la 

mlxqd as it flousthrouh the aconer The teipoiatur 
of the mizO fluid uiU be uniform across any s'etton and will 
vary only In the direetim of to  flout, Th the third case, both 
of the fluids are mixed as their flow tbb the eeb or, 

Zn oror to increase the øffeettve host t'anafor 
surf aoa area per unit voluma, moot conoreiel. heat =h=ere 
pz'ovido for more than a single p through the tubes, end the 
fluid I leiing outside the tubc In the shell is routed 'back 
and forth by noons of baflos 

i't7o ipproachoc, arov genere3jy fo1103 in the onolyci 
of heat oehengoro,viso  0 	en rato oquation, approh, 
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2) Effootivocs and Cmbor of ongoz' beat t rfor w4to 

appr,ach. OnlY tbo first approech 10 dlecasscd aov for a stapia 
ypo of heat =chmadro  

Im cotion 34, the local ovoza1I o fTioient of h 
tiinaor. U bao boon: dorinod and tho localrate of heat tre 
for 	 nfaeo area of dJ4LC given by the eprotaian 

d 7 = Od4(i) 
	

#0o 3.3. 

Tho ter orattuos of fluids in a ttottt =hwgor nro 
&oii.ir not Oonztant, bat  vary from  point t:O point as boat 
Clove from the hotter to tbo cotcdld fluid#  Even for emotrat 
thermal r ietine, 1 /0 is the  rats  of heat floe 
Vary alone tho path of the o=hmgers because jtg value en 
On the tC'peratu:G dif'o'nøo btvoon tho hot and the eold 
Mid at the c3atIono Piure8 4; 4.9jr  and 43 ifluotrato the 
hges in tporQture that may occur in oither op 	 fluids 

In a sthplo oUantubo ozchoner(Pig* 31), The dstnee 
bottioon the soUd Unea arc proportional to the toperathro 
difterencov LVbetcn the to  tvO fluiTh. 

Vigo l illuotratee the case whore 4 vapour is 
oou(ening at a conatant totiporaturo kilo the otter fluid is  
Win hoatedo Pigs 4,2 and 4.3 iopr000nt the condltiona in a 
pralioif1ot, and cowt3rnmj oznorc, 

To determine the rate of hoot tr=Ccr in my of 
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,tj,O storomntioned cCOC the q. 3.3 tiuOt b3 Lntogtcl over 

tho ho t tranaor area A along 03 inetb of tho ozctuinger. 

If the ovor11 wdt 	 I, 10 conutznt it chiges 

in- Kinetic -OW ray are ne91ect, and if thero are no bizt 
]3q, 3#3 can oaolly ba Int%rate ano1yttco1jy for  

p'c11e1 *Ad countorfiote An only b3lonCe over a diff4eroutlal 

A io1de 

di 	 Od4(T-7) 

horn .pic sitp In the 'third torm appUas to parallel fiov, n8 
tho rAnus .sin to aouaterflorip Xt the opoc&f&c hoato of the 
fluldo do not van vtth tc••Orturo te can vrito t hoot 
from the Inlet to = arbitrary Coss Motion in the enei 

or  

whore 	Ov'& CA 

oIing q, 4.2 for T4 I;LVQS 

T4 z i- 
 

 c.
(;r, — 7-,,~..)  ..',.,. 4.3 

from tCh bO obtain  

ec 
7-& 	_Jrc & 
ubititutin8 sqo 4.4 tor ( 	Z) In cq, $ y1014flfto3f 

eo warranzenout 

Q c/i 	4,5 
Cc 

Intorjrctin Eq. 4.6 over the ontro length of the 



O cla (.too*  

1 
_ -6 -rte UA 

.Lquatiou 4CIG cci b3 34 	i'c8 o row

- 	

(r' 

e 	7T 	— Tc 

obi for tho total Cth at tho 

_ 	-- 	 ter.0 M 	1̀ 

h 	!gym be uctoa i& it the hourly ?1 at + 	s 
q* 

 

	

4? Air ewe 	r ont vo not 

Conine 	o = o To Eq0 20 o be udttcn  

&Tau — Tb 

``o e 4 Ta 
00010 0i 

u e the cbac4ptn a m€ b Sato 	tho a o< o czta ot 
tho 	ncoz i pcttco It is coivcniont to uco on average 
+ ''. `a tjv taiipoithro diZfo ou o L1 i V*7 tho cn ro boat 
a►x «r z! u 	i 	ar ~! &7 
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S ' • • '1- •II 

Comparing j. 4#10 end 4 U,'ono finds that;, for pai'alloZ or 

counter 
- 	- 

4 12 
Loa e  

jiith is CaUoa the 1tri1iC no= over an topperatmra diffow 

oionce often destnatG 	L1i 	The MIS) alco applies then the 

topo?ature of one of the tlutdo is o,nat ant, o.s ohotrn in Ei, 

4434 

The 'use of loitbic moon t(taperaturo Is only an 

pprorthatton in pre.cttco b3ccuee U is not constant* Tn.  

U is treaUd as constant for design iorl• ,. tl 	varies 

considerably, a ramerical atop.bystep integ2atIon may be 

It the toorcturo difforenceLT Is not ioro thzn 

SD percent greater then A Tbv, the arithinaU,o moan taperoture 

d4f farance wM be vtthin I percent of U4Ø) cad iay be uso6 to 

SiOpIit3T oculationC. 

For more cerplez beat ozohorers Cuch as the shU.ánd 

tuba .arra seonto 4th aoueel tube or abell assocp 	cM tjith 
(jQ1JI 41 

coso 91mj orthcngora the matt= atical dqvlatlCh of an =pre 

ocon for the moan tornperature liffortrnco Wcomo quite coplo. 

The usual procthiro to to rzodify the simple L5) for counter 

flot ti cor?octton factors U) 64ith have t3cn aoal.t In Creat 



s 
m o 

t aneifronttypon in oirzco 25. 

~  5! 

' ~k 	' t r. 	-t '7" 	a '. k Y 4 	Y 4 	'!.5 a I. A 	i 	.. @i 	7t17 3[ 	+ ::ti: 	♦. . 

at 	r e'i ha bon d2succG. iixu s i t ato o 

c uopctnonta on d to t t1ps of boatr. trjo c 
d the realm e O ba , gray, oz the iae rc 'of' 

ae co tsa o' 	In this and the toUoin 

cam , the zre4tct of t1r data and tbo& cppI2caton to 

preto1 doei. at boat =cco-0 are p 	a 

a r entered = b the in tub*, the ti id being a rang, 

o have e. counter f;*ti. The eoolin a or van efreulatca td th 
inlet temp ature of 60t70160 arid ' 	t ith ax cones 

ion rate of S1O2S crd 22 gaUonnper nm0 The anta to 
ec oc8 vae then 	ø 	1Jutcfor each of t above 

o° orateet that n ^preure 	oiUn to a sa 	ati n 
temperature of ', 4, and 2 atxo the tporature of vats 
leaving the coed core ro t d. 

?io cond eor tr -3o tus co lmlaato' froti tho r to 
of erncncato tlo ni^ the initial an Tina an aI!)jec or 

ntonia 	e 11 una dotorjna b7 plotting act to-pc getup 



of oion1a and vatoi ac o1rmtoo, eW position ciong tho 

pipo an baaiccc. By tinCing the iflc3iGS nrei for a givcn tit 
tho coca coordinate in d.ogeos, id the Mcm tcperaturo 

difference 6T as oteine above vac checkcd by the 2q.4, 

a mathenatiml oiaUon ot MGM tootwo diff 

4.22 
fl 

4ic C ID a conttt 

11t 	voioc1ty to tzIcn into account C vaios t*th 

Us ve1octty of vator 1 VfP.nn. YOO* 

C a 233 	V/1G22 	 44,24 

U Vag tzon czrosod an 

*... 4.25 

The Eqw 425 us in goofl aLoaent VIM the rosulta 
obtolned ocot for Zoti vclooltlot6 Fm-n the rowlto obtined, 

the rol-lotana ecnci*ioo varo oho t(l) The coadenear 'onrtage 
Is a 	 tien of the tatei zato cAd the U,.T.. (2) Zia cna 
film urfaeo eoofftcieut of cnuctnco variec ca U vca10 

3 io33? 	cote fuflction of the total quantity of heat 
film 	 VL1?iOC w scar Auietiou of the  

Vicbt Of 	iia CUdccOd par G1i 	(3 



0 
of beat trimafor varies as thG veo*it ç%or 1.22, (4) The 
coofftctcnt of host trAnsfor vaxteo Inversely as the ton 
temperature dIffermo to the O7 potier. 

The mean tamp erat uro differ oneo condonoor- onnago, 
U gnd voloalty iare plottc8 as a oonon set of coordinates, 
tho condønser tonnage as abtciasa, uhich resulted tho portoi 
trzco curos thteh am be uod for the design of e sictior typo 
of ochwier, 

EratAl2  nvootLatetJ the ht tranoor In a 
Mlutubs-wltlpasntype of -606donzory x1hich enststcd of tt'o 
cttoljs placed horizontally cntathng seven tubes of 1282 ft*  

fii 

in. The tubooume ammrcfiin the shell so that tbL3 uator 
past tArough the sevcn tubes in eoriao. The to sbej1 
are coxinctoG in praUol wA oivai zounta ot water ptsced 
through tho tubes in each e1L A SWICS Of testg #f CO a4u,  
iith VLTYLAa p'oasure of attnt 

Tho =nw1awfilm beat tr3sfer cooftjcjt ao fttero, 
mined from  tho Uilcon  plot-# vas 1635 U/z/cq. ft./OV. Th 

voter film coefficient uaa founds  from the S=9 Plot to be$  
tie a  211 	Tho cuthors found out on onporical ro1attort 
bacod on the dia=aionai cnlycio and taldne Into cncicratjoa 



the of 'oc t of ettroace of uotoz' into tho tub3 0l tthicb voz 

ozprese Cgs 	 o , 8 

	

14p 	
2fr9o• 02 q6S k~~~~ p 1/ ~ 

	

,hero r 	rat10 of actual tub* lath to cet 1 tn. a d1 to 

Coni1uett1it 7 of utat ',, Biu/oq.ft,fo7 per ft. of  

Fpo i the above qtWttOflo the Value of b for the 

co ensor test y Vas fond tobe3 v0'8. The ccu1atc vlios 

of 0, bcc8 on the above sue t, yore vita Uuits Of 3 ut 10 

hick is probably c eiompt Llo do3roO of acet r' 	tho 

precttca3. parpoEo of CoflflCGr ft of M, The overall coffic3nti 

of :hoot transfer varied from 130 to 460 as the p o uro of 

to n O 3Oe fro 126 to 175 pdo 

Zunb 0 Done tot. i a vortical  vortieal hoe 	tubs 

typo coCnSOr UOInC. zonta os the uorztn fluid* !he caM 
tine 36 in. outgldO dimotor and conteine 3O8 in tet3000  

14ft0 i. ;a Then or of 

tubc inno c oneor ut vat from tit3o to ttno bj pluggthg 

the tape th co on plus. The tosta tern. conducted 4th m. i . 

oonencing vator tenperatwos of opp?oZinatOl3r: , t' & G& and 

550j and 4th varying vopor prosrnrz°oe rd ucttoz velort .oe 

t'ro a the c.etuzl toot Ck to, it uae foimC that tho 

overall beat trcncfoD cooffictent incroroti=z as a otrntht l2no 

fuiction of to quantity of,ndnsth eater per tuto cfl plot 
r 

or the toni of refrorntion rod cedeneor proceo alco ohe oI 
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a stroUbt. Ur30 io1euontlpw This type of Ccfl se? Is capablo  

o handling logo ovor 1034s by ncveain the supply' of vat0r,. 

n Chic is obtoitiab3.G uo to .3 odd y foil vlthout ty adition w 

ozpoi1itire of povr t .fir co theva or ttiiougt eon?ens 1  

• ouch dttiora . hers 	r is r quirc to pump the eater 

agolnst the stztiO bead*  The test data cc he uoc8 eoorkitrntL 

fc the de icn purpo000 and uo3d also .co onub.to Ot.O to prophesy9  

tdi . reasonable aOCUrUO7$  the perfov Ce der v iouc Condit' 

ions* 

Xn this ee=c ion the des of ho tont3. typo  ref .* 

cent 	:ere is icused both qulitatiVoiy end quanttt.  

c process of 	 oixt VopOU2O Ofl Co2iGUr ac 

la OfO Utii tl has 'fXX1 very euceptible to theoretical attack$  

. 	j3 OOt psOgDO0Q hO C b3ifl ra o iith such onaiytieoi c ache 

bginnini as for bit as 191$ uhen !us 1t fret to 	atoll the 

rathetettco tnvoLv 	C 	.na puro 	ouc l grootor 

un 

 

otrzin has boon deve1opd øf procosocs of f ' $, d IS10 

Ono beat tronofor in Ceora3., ro precise netho& of V c at 
ion of heat tronsar c dcn orn of both pure zd otd 

vopouro have boon poosiblo, At the scio ti:ic do no nieottos 

b; o cmo the problems more copLe cc that9 	z tier design 

a000ct tho precise procouros hva boa unociiilo In conmrn. 
ption of ti o, as a result 'Moro b an boon a :need for opprotirm  



Oh 00a2 bo ooivoI reftiy wW which VOUjAj yio] 
cults cuttdent1y securate,  for most purpocoa 

In tbt defAaa of host mcbmaors, a zrnbov of tctoo 
have to bo ppeolgjad o  UiiciU7 the opparatue, Is 8oi6 to moot 
tho e 	cco of ttzo aoXety 00doo of  tho A8r34  ib 

opeeto at'e to bo conddorc4 In tho oat of a condonc 

o0lL,ondtubo azchangoz, 4th tizofi tube  shoots 
tB Auttable only for thoo easee in which the flud in the 
does not tog the tut*zo The large difforenceo in tcprtu 
botecn the *ell and tubes nay poduco nevoe tcporntuo 

end vhan too U cep tocd a typo QV cntuoij,r 

that iiU muow i dpenz3nt opansUn of *ither th •oheU (o 
Lon 1oint) or tubea (iloAtin hethe) Chold be provided 

tnctively tomperaturc Streacen may be cvotded; by the cou 
U hoped tubas u4eh houmv p  are moro dItTlault to ulean 

V EneCDiC4 nau0 t frueat elourdn 	rau&ro6 
the cstizctie. onp2oyod choiz34 ZuajUtatq th1s4  r..*r  this  
roacoA a37 =0hatW,0-r0 are provided vith  XWqVUabj0 tube 

If one Of thQ fluido fouls the vurfaoe nuob iro 
rsj4dly than the othor, it Obould be routcd tuouh the tubes, 
since the iric2do orn4ice may ho cloixao) uthotrcQv1nC the 
tube ndl,,) 'ro the iono  Z both fluid a ao c•:uajly nonow 
fouling crA4 may one to uneor btb possuro, It div,3116 fjov 
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thtdo the tuboo to avoid the Ozpeuso of htb preowro jDhoU.  

Uhr'o only o no of tht ]4ido is corro&Vo, it should f1V tnOt& 

the tub to avoid tho oonoo of cpecXal motal for, both oboU 

and 1ubao, If one of the fluids Is ouch nnoro Vicaouo than tho  

othcr, it may b* outod thouzjb the shell to inoreieo the ovorall  

coefficient0 It Umoos boccneo of a 1XuitcUon ibo.voijablo poao 

cure drop, it i.noC000t27 to routo a iivOn OtrCr3 tt&'ouh tho 

itboub tbQ ientj2ia of 4 to 28 ft. or tioro arc 

taiu&b10 one often V,01,00ts a stanftr4 )engtb of So 2, or 
G it, ualne more than one pu s11OZ!O noeoeari, dopendint on 

the AUbio spaco oAd then, Xartjo eU dianotors are roquIred, 

The tube dicitotor Is to be colootcd depending on the fcitng 

,factors • ind volocit7 of ths fluid to be uecdo In ewe eezoe 

foiLeg MW he roduceG by uco of high voIodt, thus izitting 

tho ueo or tubee of eodorate d1motoro The t)4Oifloag of tube 

vial hou1d be eoetod not ohy to iitbatend wotrlag Vroomvos  

and otreio toortre.o end to provide eUmco for coeion 

but alce to fceilitatø mpanding the tubes into the tube eticota. 

The bafl000 uacd to incoaQo voLocity oil the ioU 

tihonid have Ices cioarano t4tb the choil to rodeo the 

leoftzov, 8oretitoe the r4ninn c1orenco bettoon the tubee nd 

edgoc of hobo In the befibco is I perCent of the tubo diaritoi' 
but cinco tub 	hove a dini tor toboinco of 9 porcont, the 

OOfl C1OU1?3A00 may be 3 porcontj eaziooquontjy, cone fluid vU 
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floe thi*ouijh tboo 010a=0004, Tho br$:ia is za 	uz 
tho tuba oan bo roplaocA tndtvtduU and tho 
tWoctcJ to conide,ce 4bzs 	 on tho tube bm10 its bGtn 
4tiav2z; coxquont1 tho bU2.o. cbøulO bc at ioat tvice 

oo tbic 
 

au the wU of the  tubaSuaicicat øpeo bttreo 
bTjoa should be pi'ovLcd to raollitate c10anin, 

Tho iE1ftii cost Qi' a t1i18z' boat Q2cttcnco 
OCI per oqere soot of bt 	neroz map 160pondo Upon a 
imribr of factorej the total h0a~—tronsfor OUfct the tuba 
Ding to lomtho the material Of Onnstruetion or the tubas euc3 
the ChCUv the mrldng pressure, t110 4ogroo Of Wrlinp 
the coat of spacial rGatursof If ony, 

In the preiouo Chmtorav quantitative volationot 
olthor der4ved Mdtc41 or oarrojate4 troa 
dAta, have bson given u4ch Cm ba used in tho  

boat transfer piatuc ach as boatergo eoolera end 
 

In many coaca the designer is fzoo to m1ploy tho optitio vo1e, 
"Y et thicb the totel coot.o era at a tinnw; txoiover, this 
nr load to picoticej proportions og app4ratISO At ti 
bac mm of process roquiremonts or to' othor re) 
pZQZØ drop is CLV4I labia, md the oxchangov La do  doul(Inodto 
nest this dtuatiON latorfttivolyp one may fin tho tuba ictb 
Wr diaiotor wi3 use tihcttcor velocity end PrOODUVO dzoj, are 
bcct 0 RoCardleva of uh.tcb factory era £tzcCh in eGvcnoo iuO 
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F1Gr• X4.4+ OP t1MUM CONDEN-S/NLw T,LMPEkATVR£ ON A 
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Ct, CC!. i'NtJI"MOl^ o 	.O/t. r.4G,,A T ALL Ca l/5i TEM- 
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Which z'e coputc, the cco b3c1crolationa, cro niuziJo tnvo3,vca. 

Tho ro1iot1nc 13oCtirn preseno tho cipplicattcn of boot 
tranvor data to prccticai dontgn of bøz,iznt4g chofl typo r'ef.. 
rigoxnt condensoro  ias pz000nc by powa&U230  u8irltj 1?on4 
no fJOZ!Ant Condderablo 1OQrCl2 ras done on heat trmsror  
Cooflie touts in conco, but thoir appjleat On ucis 
emp&ricaloTho practice tam to eatcibU sb 4 finc4 nmber of aqu.eo 
scot por ton of' retigoi'atLona  ocozdIoss Of' Other influmedne  
feotorp Ptu*chciao of a condonsina unit io on the tole of no  
torinagc th.ieb the unit can 6oilvor uuor n ivon. cat of conditi 
For a eiven motor sn6in, pct a fi=d vator tctpor turo ioc,Lnt 
the condensers  tho unit opeciting 'vith t10 ioueot condo*ing 
topuro is the ono eh1o, of pro8ueing the moot zofrigorw 
a trig 	ci ty, 

4,4 oboes that condoncer perforrumo twang to 
ep0c1i0 P42 00Mow3bi, unit at a Zlzed evaporator tcoratur 
and a fizod iving cond.onoor Vator tpQrr1ro Curve /t choto 
ttIO p 1contoge incroao in tons 1c can be eocto as e 

cdetuing toporntuzo• to do0reaCed  fro to ao10ctd to tit 
Of 	Cui'po D GhWO tho  p eAtri3O 1n&ø ifl Unit cost 
Vbich'uOuldVhl(ft'uOuld bO ozpocteI usig this particular typo surfaca in 
oror to obtciin the various enadeasUxe tcoturo, 

By Cubtractin curve B gyrapblea.1 from curve A. curve 
C 10 OuiQdD ouin3 tho porcentao 600rcaaa in tho coot por 
tOD # as tho cndoni torporaturo bc1oncoo bi-j 



o boat cost per ton in t~ is coca IV 3030? to 07 	ro it 
jo. pz Healy Const t Cue ro i swotis the porcc tnao clowDano 
t bran ho p, pox ton ai3 the eont.er r ,nj to pGriutu_'+ fia r1ucoG 
alou :2O0, X1 this sore oporatcd at 1O7O, ca e.ciitj tozipor.. 

attwo the cost per ta vinaW 2,r dooas4p 	r c to r 
190 A ttz b,h0p pot tell would b domoQOoO by about 21J of 

thy: r r3 p tivo V ;UOG at 1F.. Zf the i t uoro pperotod 
at 2O3OL, the dcctoaao In 000 v tua viii be ropeotivejy 

$ Lm3 2C huso in 'ouetng the eonIonsin t pOratijra ft on 
L;to OPP s, toi"o tould be n DaIn 11.1 O*rt per unit ton, 

t i cost toui 1nccc.a about 125*7be pouo Oocroaao 
ow!iting 'rot the ' 	uotion uiU bo' pro mat*jy Sri, The 

cost of Aver oui6 be  b nfluential in iotez1ning ihethor the  
b jghor £nttiej. unit cast Could be wwtifle , 

Xn ozor to icih ouch 	r&oin . one nut hz ve some 
means for ana1oinc eononeoz Pero :,100e O ff; 	ooent ad 

e tiotho& £U 3n y000 Coro r O tin the 1' a oc a 

tuba tn O &Y tf ebjne the variables of odci,xjz 1onth cd 
pass L "r ,t .t fo ' a ui i patio 	cm tubo con60WOVO 

Par tm t ci Uf to tam! oaro Of 1 6 , i o that 
fit inv, iv .n du'  M ,' • 	r of ttzboo po pao£4 may be  

Do O i t. 	cao O co r, 

]Qoo Or c1 'o eueo bottof t=- Qrot roI 
Clc on LthtoM`2 # ,ngj .PrOOMP ' and ou joi , coo1incooling Caton 
uao uao3 as the b~ io or c p . 1 n gor conenaor por of o. 



since b" uGinn this value the offoet of g,p,r.  . t0? . tan, or 
eater ranca, may be aagz'aa.nted, In aU as .aulatT..t 120, a heat 
removal in the con censor of 16004 BTU per hr. per ton was 
used this value represents an. xverge a3f(ition for common 
ref i c°  rant B, 

Overall heat transfer ulU  iuprovo as tam 	eter 
is OoOressed o  but to arrive at an oeoio:-Aa a ?fc o for prac-
tical use, It i necoss t to carry analysis aoiorably  
further tban ocrely obt 4n±ng heat transfer valuos Co.' 	or 
performance can bo tou r by tb iorwLno1 difforonco obtain 
able for a given aquaro foot of condensing rIa o per 
of .retrigoration, 0.0 all heat trm.stor surfoeos, traitor prossu 
drop may U it tho uezimurn petii ear is water voioctty,uh ab 
should be utiUDed in selecting theaxangeinont of pa coos. 

Vith the mom: ,m ailo,.,able pressure dry .d to 
temperature difference bain ; fired over a particular length 
of travel, the rate of floe of uator can 	dot nned from 
uhiob tho tube diameter ccnbe selected. Covpaicot of per `or . 
EnaZaOG of different dl etors shoos that t e sma .lor the tube 
di=otor,, the shorter the total length of travel necessary  
in order to maintain the same torr4nai totiporctuo difference 
and loadi rag, 

• 



Nomt1 tnitorc ut],1 havo littic or no eoct upon 
no4coiu, to 	titer 0 thin ozido AID bus bn 1otcd 
E7uovoro votgro c Ot1tGD termed a tempovary 13O26 vzta' 
vatorc thick Mill depocit 431.t upon boctin ca ocgjjy 
cmco troub1e 	i ainicj bighor velocities ujj boZpD nc tho  

vQtor vti3. tuivc a ton4onr to ot,00p the eIto Ot as thoy 
arc precipitated,  

Soauna ban a aroater ofoot upon fin tube than on 
bro tube aurfco so it boid 	ye be tmclftrod In tho 
forner cGS& Zn to coca. Of nonferrous tubos, the oec fotor 
varies frm 1000 to 403Db Ferrous tue, wiULo rxn4orrouc  
tubes* somm, to hnve an toorossina scalO ricteoD beoatoo 
of Mbo eont2noua o&tiim o1 inside tube curtaeqa, oran mith 
nz4 tiotcr Th0z?otoro, it is ipOaibio to Ostb1jch 
Ie Valuo for acdo condncUvity, 

the condoUQor tuba becono coxo end coro coal 
or oo'o6od, the rocictcne a to boat tcfoi eiu 
aos, 

 
00 that for tho sie load the te oraturo differ once in 

the C!onE)or vnaot be incaeac1D caucinc a 
co in bocI proiouro and in aozpoccor horse pevor 2hØ offat of 
ta:oraturo dZorceo nay ho rouocd by cicxnn tho crn1cuaer, 

corrocponoine roamOUO2 in poner p0quirc=tO$~ ad  
M cccor4eaj bolcnoa curt be struot betuQcn tho pouor oc11nC 



iüO 

czO tho cost ofc1erdn. i1tort,ød 	doi d a fomi to 

tho optth2ra Plod ttuou ciccnincs, tøb n b3 stow an 

I zc 

Opt1rmi vcrlod totwm O1eeTIh)C, 6a7s 

Total toot ot cccb elaunlw, oZ tho entor 

Pocr cost por'bp*a (s=e units as 

4vco daily necoa 	ibOcttQ in pOiYOr, Ono 
k* tho RUOU10C of the 4ononZr tub3e, 

ES 	M 171 111,11 	01 1 11 

cpcb1G of tftDr4  up a joa6 of W4 tz ot 'o ri etion at ovp 
*ratorp to tUnotDto Po. Le ten as the UO2ting tlul& 
It Is r-mauned that the *vopo'ator pcwe Is D 
prasu'. Z pe titb a saturation twporatare(tJ. of 

The upwra loavftathe eopretcr are tkon to be at. 

2O 	(t) ai the UquiG ia aut*coaod by 4PF In the eonfiensa,  

With the abovo assumptiongf,the rofrUermt 
up a  load of 	pr pound., 014ch roqu-Irco the rate ot 
flou of rotrigerant to' bi 159 UJhx. 

Tho inlet tenpo?atwo of th< cooling atcr (t) Le  
atmtacG to be %)Cgs, It hcppeis that the t pODo of ¶'i* tub 

uall in atow MO mttOn ttto of 	 pub IHIPOWr flO 
the romp inlot =6 b.,IOD tio natUratim tpi ire tt the 
ottot. Uor thQca 	 to vapaur u.0 ti, coolid 



tritbout cnenoatttn in tbo irst part of tho prazct Ulu 
eondrnco in tho a0c3n13 part, d viU 	 o 
lAttor part ' e ottact of ubicb my b3 ctbtho2 v& ti 	ma 
part inco tho 	coo1ing I € ne.td to be veer sago. Sijicc tho  
caeffi4nt at hot .,tnefor In the deupothoatin region is very 

• , ate copec uith th % in the con naing rbegion the doslgn. of 
heat ozdiaor la dtvidc into tio 'Stagers d poi'hoatin 	d 

The boat 	a 	tbo deeuporhaatXn region 10 
W (Hsup — N,sat~ 

.Z559 (x25 8708) 	 3fltr  

1(He —/1L,1) 

Dieotor Undo) - O31 ia  

) fl motor :~ 	o) ►- O 375 in o- +ZO332fl M. 

Jacktt 	J * /G ini3 O oD* Caper Tu ? 

g) D " 	$t o ' (► n 	o) 	O 3'P ix $+a a '0 a0 	t. 
) Dicr3otor u s do)= O,7 Ott # 60*95 S' 
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(De) Equiv ,. t di oto ` w' 04297 in, 00275 ft. 
FIuUI cooUnj ttoD, 

Voloi ty of a Alin vatorz 4 ft. pr ec. 

,4 ' , I ato o cooling Bator (ti)  

Actor acsu in the abovo data, the design is orpUfi  
to the detonaintion Of the lon~h. Of the at cba 90r,AD 
gated o `llor ttto docin is split up Into two partsa dom por 
Nog h and e enoing, So the lengths of heat Ozebangor roui 
ztd for the two rot.ions re calctlatc8eparatey and the sum o1 
tbaso tue gives the total lgths of ocxger  

The cooffnt coo; 	 of at transfOr in t! is aootlon tuy 
bo 	luntc froz the equation 2. 1 3inco the Pcndt1 nunbors 
Of Cozaon gases do not vary ueLy the following equation In 

cor zand c4 by 4hm6 

O,, c 00„8 	0.2  

p rvificI 12o offoets of natural cozzvectlen nra not itx rt .t. 

S 10 boat trcncforo8 q can bo equated to 

Ql 	v1 L) eAtL 



from the ouation 

1U3 

At io coricnsor proocurep  CP a 001810 a,'oj 

302OOO 	 aft*  

Subctftutjn W the voluos In 	17 tim coefrician 
of heat tz'rrnafo r to ourzd to bo 

bt 1% 
441 

Tbo boat transforrc (Q) eon alco b3 ocu3tc6 to that 
aboorbed by cooling uator 1*04  

L1 	1C (t .tl 

On aubtt ttttion of the 'valuas in Iq 4 	e tetuo 
of the Oooling water at outlet () of the dosvpeottjng BectLn 
coIitr out to be.  3 

to 	 71,71 Oj 

Thelom-moonotorvoraturo Wforcnco 	Is cniculotod 

(-)-(e -) 

vibich Y10160, a vnlua of L\ tL 	?6 

,C,UbGt1t1&Oa of the ab.vo cu4uoc in Sq. 1.JB given the 
1ont & Of hODUMMUMP in  tho  d ocporboating region ocLual 
to3ft 



iti4 

Tho lwth of beat 4=chmgcr 2n the CoOfln 
10 cieuiotci UCInC the oqtutton (a} for iihtth tbo oiiorii 

cooffcjont of ht tanofer is to be. dotomincd ftret thieh 
it twrnrequires tho cJetor'mtnutjn of tan cool ficiont to Imat  
trmOfQr of con catncj Froorbom, cnd uato.  ThQ 91rat one 10 
pc4ictc from the Iluecoit'S  OquatiOut 40 given by 2i t1zco ti 
tuba is aocuued to be bOVISOIntals IUIO the  COCOad one is pz'ot 
&ctct Lroa "4 oqztto 422 the vciue of Vill0h Is  
by 16 poz'crnt no POCCEMMOCd by inz ot 	Ompal-ca ti> that 
of 23 

The A iW Coot ciorit for a tonperotuz'e drop of 
Is nrSt OalMdatOd Wd thtrn wALfLod by a triol =d 

to to into nccont tho teporatwø drop thz'owjb 

!o popertIoa of FwjS 4TO to froi th 
taon corz'onpcntUn,j to a teporituro tf 0 ov 	VbOSOit 

t, vhflc, j lo thQ ovoz'ooorat,re of 
tlatW md tho Va1UQ of A reponds to the Vaturatlon poauo 
11164 WO ciao  

o tcipoz'nturo xino of eooUnrj Tjotor in tho con,  
Voclom iD ____ 	 3 	The njoç eto 



1u5 

tcerQture In the cononstxzE region bin,g t2 71#710P, tho 
outlet voter to= orat o () Is ? " i + a7 'l4 

Lo Overage isator ttruper taro t, 

,5  

.. . 

i58!' 

W 
i O.0253.tt 

Ghtstitutir. of the above v3 es In the equation 4 1,, 

72s f ~ ~ k ~ ~ 	~4-  o• 	 -  

	

D ltd — ~ 	a 1.f ,  
(Fot~f -tS=3.¢885f 

Zc i ttor .fib cDffieiont of boat zcnsA r Is 
prodicte6 iron the ocyMix 	o ,8 o ¢. 

-iL //5<(' O23)  o•  
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The proportios of v.ter are tUU at n avermo 

temperature t 

0 	4z6OGzGB4 

OODO Wft?/. 

/4 =2.2xbmr.rt 
X 	0.377 tTJI'tn'JtI*P 

ubctttutton of the -values in SqA, 44,22 gives ¼ 

be6 p, tho Insid 0 surfaeo ol the wmuluz = 1i? 

oeUl, cwlTialmt.ot heat trmsfer baaot' on 
the tdYsurfco area of 4=1US Is eda1e4 foin the 

tien. 

+ 	
kcopptp 	 4.23 

Substitution of the values ziroiy 4etor!ixzei ond 

M O.004?70 
The tomperature drop through each of the film IS 

pDGpoXtiorii1 ti the oaitane of each fil Or the reolprowl  
of the heat transfor coofficient 



10 
W. 

The .tinel ruits of the tAqI and oxor solution 

to the overall coefficient nd the coxuIoning ftin ooefficimt 

bavo (At 	t) 	2*48) : 	•5 STU pc 

+ 0.0004 * 00OQa49 

Tonporaturo drop coa udoncixg tU 

Fw  

• Overall ooefticitnt of heat tCf' for . mean torip 

*ture 4iffoenee of 04OSSW # based on the cutsido surf aes 

-area of tbo tube Is 

U 	 = l5.• 3TU per bsq.ft.s0P 

The heat trSezed # q2, 	 en an  

42 = U (tt.D j Lz) A ~  

L2 Is the ieati of the heat ozohaor in the 



1U8 

808tttut 	the valUOS I. 3q, 4.24 the ientb. L2 1 	.~► 
intodto ba  

L2 1 t  

The try. ten Eh. 	of the C,n6on$jne host 
j or io eq . to the E oi tho ICl3t1iS dC eZjr d iniVjduc11y  
for clv porho :tine and eon!cneing r gicne.. 

The total Lonth of a ie ctng be4t ezetuuor 
`~ 	 r 

h c zeenstng asst ozchrnger has been ', 	cat 
for a 1 th of 1G,33 	uitb the rczuinin particu1 s 
as assumed earlior1 The ale ch of thoctehançep Is given in 
the nezt cbapteq, 
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Thlo 3ptor doolcuith. the doacriptcn of tho 
parituo taw for t  tbom.experimmtel purp000 o1cir; tith tbt Inatp-

xmOnta t*ned for tho acreentn The procedure v4optO4 ror tho 
epcz'ieut on oonfionoation of Pe6m.43 vapor is olco outUnc. 
A cati.y of tho 4te takon Is pocent(4..Tho rnethod of o]iijat&o 

of heat 'Orwgfor coft100 	Is. i.icatoe 

i or to obtain data oil' a co ca'oi imtwo, 
all boat-4reaster =amrmcnts tOO liO for the 0fldOfl5otiOn Of 

Pa2 vapors on the intdo vurfaao of a Ina plain copper 
tub Tho  Bete toa o•btoincd to find out tho offset of tho toncriN  

Ltig on the 	 coafficleato and oven heattrGn,srer 
ootfic1ento., 

a) Tho toporntw'o of the ooaws nute. at iniot, 
b) Tbo velocity of the ccltn fluLL 

0) Tho direction of flct of tho coo3tn3 fiu, 
8) The ayso 'teoratnre 4oron 	ttic on tho cond 

Vapour ana tin Cooling fluid 

In oil tho abco casos, the Coolina Maid s, vIgQ  vator, 
jts ciculato6 In the cmular cpcco ZW=C btucn V4 tn,tub3 

and 3/8 Inotubal  



m 

11 

Li  h 

tic c1 tcp 	pciicnta. 8a 

Cona C`Z13W float 1C 	O2 c }.. 
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Conda=Lnc-flim coefficient uoro dotorninod from tip 
ovorz:ii,l coefficiont3 by the uca of ,ilaontypo plot. Thco 
C=dcnaing coCioient have be coparod utth tha coicu1at2 
Vi1U;fl froi the TuCic1t'o analycIG270  

uto4Ux coefficients i;'O also dotthcd fron 
the alopo of the i1con.typo plot and eoiparcd iiith the corr.  
o1ctiono already ado by now investigators,*  

The appaiatuo Is sbmm in 1?ij 6.1 thr:xigb 666 and a 
ditgra!tie floi $h2O Is Civen in Fig.* .  6.6. The oquiptct 
cniitod of a COfldOflE*, aitz vQ1va, *vapor toil,  and 

poorot in a ciosd oirui t connected b' a 	prosmrja vap€ 

our line , a codnata Una,, wd a lou pressure uaour line, 

TM ccadonor under Invact1ratica cirncibtci of a dou 
pipo flol or 0ountoNwam coil tpo ui th 3/8 in, plain oop,-1  
tube incice a 	in, plain copper tube havlAr,  en efThetve tot 
al ionsth of 26 ft. 4 in, Tho eoip1Oto  4otials of the Gi1enior 
are CD in ThtZo 6.1. 

J2OZ' dicetø (Di) 	0.307 in. 
Outer dino to1J 	0.376 in, 

Outor tub: 3/ in, plain copor tub, 
flZ1OZ! diamter (> 	In, 

Outer Oicater (DJ 0.7$ in. 
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Area bwC of t2io in t 	o.oci  

	

+~ a 	* . 	a # ~t ,i a 	.we 	e 	! o a -. rr ~t 	a ■>~ _ _b' 	, 	y •■ •;a .a 	° tale 

0', i '¢ 	+ira 	t 	G•. 2 - 3: 	... o a4 	■ 	r 	of .i c 	[i'f 	 tt'.'3 s 	~j 	' 	~: . 

r# 	?* o" 	a 	ra 	ct■ 	c 	arr 	! a 	+suear rlt 	'.!e 	3fr 	s 	'~ 	a 	rae 

'" a ■ 	~.~ z.air 

3 nd 	i RF A . 	•t', f@+k 434 	rA' # 	! C 	'~ ai!- 	' - L° 	r e .:1'gt 

'~ 't 	•~ ltfi M f 	Y. 3 J 

d`R- 	~ 	Y ~ tl' '~ 	. i 	3 g Vra! 	# 	to 	+t 	• 

ppUod to tho C C ' ,O 

i 0 Ono ( ) 04 the diacbrjo 

	

tha othoT 	on  o ttio Uitim 1itot of that  
prov1d try roc► t)o pxOi uxoc of ee ` ZoF t . 
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The arxt one givoc the precmz'e of the rofriorant in the 
candezwor. In order to neuro the topo'aturo of tie rofP1Cor.6 

an thormoCcttplOD  vore provided at inlet, outlet, &zO 

at all return bmda of the ton!oflCOD, 

the condoner vac croun from the nains..  
In ordor to got 4)jffort inlet tiater,  teeporaturos, the voter 
vao prohoatcO in a tQn1 by itncDoi colic and elroulated by 

a pump. UEtOr velocity in the candensor vas teIU3AtO6 by the 

mmlpul,tion of the roujatin vvo. Since the pup vac baiting 
tore ctaCit7 than that roquirod by the conennot' 2  a part of 

the uator from the pvnp uaa W back to the tcnk. 

The boat trasnor 13-mcess in the eortoneer could th. 
moo •c1the? pcir.Uei or ceunta:10 U2.th the help of the 

VaIV3S l231  and 4, pvidc4 in th uatc' line for  to cond 

oncorm  For parallel t1ouO the veivae I and 3: mro .pqfl: and 
valvos 2 cnd 4 tare closed, the tntor entered at the we 
point Uhore tbo refrtt$rcnt  entered cad loaves ot to sene 
point ac that Cr rofrigercat. POV wuntarorjou#  tho v4voa 2 
and 4 more opened anti valvas I and 3 ioe closed. 

The coeltr trntor or the conlcncer, vas passed throw 
Uh tio camlar ECG fO3ed totmon the two tut *s Of 3/4 in. 
tnd a,e i, sie,Ltuing Ito psesgo in the ccndensor, it absorb 
heat from- the ramaormt thusrev the cuprheat and inter
hest of the rofrc;orent. 
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a Collooting tmh trao aLco provided at the outlet 
of tho woung utO' to otortho the rate of to  flaw of coolt-c 
ustor UIth to bólp of a platform coulo ii1ob had an accuracy 

Of nozourinc t,oibt upto 1/8 lb. In oror to u9acuro the 

torporittire of the coolinc fluid , niz tbormocouplan uoro prov* 
dad t inlet, outlet &ad at all the roturn bonds of the Or 

ltho, so that thesa volue8 o- ld corr000nd to thoc of the 

refrigerant oloni tho length of tho coenserc  

The ovaporator waa fed uith at cithor frog tin 

or frM 02 pzip. Lo the rotor UAO coolcd, it tcto draine oft 
alt froth uator van, rnppltcd, 

The b toehcgor as uoll insulated to prevent boat 
tranefor to the sUMUnding aophere 

In order to doterine the rate of hettrnsfor in  the 
from Via vopor to the ccoj4aja fluS, the rote or 

tIOUD of c,o1jng f1ud uas oac=ed. After the itcodyotae 
con.tjono ha1 b:on reaehd, the omdaasor to 	tia tU,7006  

Into tho ticighharro1 and a uz startod, At all t< or Z100$  
tho Vater was collocted for not long than 10 uto 
on a pltforrzocalo from. U4Ch tho øzaet rate of ttatr lieu van 
dotor1ncd 

itoocurcrnat of the toriporaturoo iaa by the uco of 
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tboreoupoo. 	ratroo of crndonz3ing fiu1 and cooi1n 
fluid t,o,e recar4cd at oig points oab along the 1cntth of tho 
cm!onceI!. The oact jocotiois of these throeoup1cc are 

opreiut6 b,7 the points I to 22 in Fig, 5.0. Ch'otioi and 
411=01 alres or 1 rm st&adard sto ire usoI an thorrocoup10 
,ireso ibo ooi4or04Mio1ntL or teso to uiroa, t'hioh foz'iã tho  
hot unetion ,ioro piacod at the conto of tho tube for ecb of 
tho fiut: so that they t,oud give the average tcperatu'o of 
the  fluid at that points They usro all located in the snc 
onner and yore bOUQVCd to give f4r viinOs of the teprAturo 

foronco tz point to point* AU the thoroupio joints 
were sged off and yore tooted for Ieoiea upto a Elortm 
pesnure or 200 p.sL, 

The 4inie1 iree from AU the 3t!flCttbns uere connecw 
tS3d to .aseoetor 	1,cbubch tnza$.n turn connected to the 
otontieter by 1U!eI uire. 7bO cbnej t4..roa f oU 

tihich forriod the cold jimationo  and the other end of It ueo 
connoted to the potentlomoterw The cold unctiort 	?apt in 
an ice toz  end uac nnintaind at a tcraporatwa of 

The v)toe in millivolts, recorded by a 
zion potonticet0r• use converted into torperctnrec •D?) U3iflC 

the otcnnrO conv.oreion tableao  

1oforo cheijng the plent, the refriorcnt thia 
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tiao ccuctca by tram of a Vamum pump md it was iantai13zC 

for about 24 hours. A cy1inor ot Procz?J2 VaS eimn000O t 

tho evacuated apparatus by cezms o1 copper tubing* Watcr t,cu 

1rnod itto the condenser tu bo alld UM fluid ovporatcI foi 

tho eyitnor c3 	tO cpertu. iThLen so Gfl' 

couO data ero trd, pflrfliflg vac done 	=0 air wee 

blom to be present In the apparitU13 

tihon the apparatus 	 boon chanod and prn'gd 

the vator rate tb'ough the cond near tuba voo regaotW to 
tho dovircd value* Tho Inlet vater temperature rnOr4jus"D  

vbon 	that it roe at ?3b260P. In sorto czsec the 

avcflablo vater supply was altar above this and no edjuøt 

tt was  uaa The corapreavor was started and the desired 

pressure of the condensing vapour vas aahleveO by 
the thott1e value and vaC obteind on SCASO P"10 gU.tbriu 

aS cred to have boon etibUE4 	the preaøuro 

ice, p4 anrthg 03 prre of the condensing Vepour 

was stead for at least 20 TAIMtODO 

Tjhen oiutUbrl = had been roacbod tho eontonooi 

utter tan tuned into the 	 aad a rM,  CtartcdA,  

The voter ttao conooted for at least 10 minut000  

At the bocixmtng and the end of' a Ms ro&inCD 

V1O QCe of the vapour and colWencrato tcIperQtroo at di 

amt points wd puro. &izilirly, oadino i'ra c0o of 

the 4COUna Vatortcroratwe at 4tfforcmt Point& by  rloaw 
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or a patontiouotor as Onplainod otUor. 

For each rate of tiu of. thq cooling uto, r= 
ueZ'O ntO for both parUcl tlov od counter flow.*  RUUD  
ioro alo ut.o it o ero• •ot font %yBtQzw rates bat vith 

nearly constant overall torporature ftfferonaa,.  
jxtueen ft cononeLn vapour an3 the uverago ter toporat 

This proec5nro van noceocary in for to hvo 
foxy data for ullocn plot of racpoeal of ovorj 000ffloo  

tent of hoot tranatoz vorstu rotpro cal of water velocity to the  
0.8 poter, The vater volott rare vas frø: a inizm of about 
2 ft+/se, to about 7 ft/sc 

Data VGG *btuincd AW two more temperature 6iftaz 
s 	tfl vatev and Yrcon, 	31!I, and 360L tttb inlet 

vez tO3peratU?Oe of 774 o° 	 to find 
out the off oet up= the Coafficlants and condenser tonnoio 

The euporLm=tol data and oaloulated ovorcU hont 
tnoer coefflaianto are reor4od in. tables 62 throuh 
This data correpond to ca .uo rate of flou of 160 1b,,1bi, 
of 	on42. Typical obaovo8 rouIta of tororaturo dist*t 
tions are ebom in Vigo  &Z 

Th total boat load in tho zprattu "*a calountck 
fxozi tt,u vater rota and ta4oraturo zio.n  cnajgo eciculation 
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of the beat tronsfor eoffjct.ot from the ori ginal data  is 
given. in Appendin 16  Tbo following oqwtion tot1as nec for ege.. 
i1atiflg ovoroll 000fficients of beat tatifor. 

q 	Uo A. (A ;) 	 0* SOU 
in IVIAch 

q = boat t =sf OrIV6 D 	per hour*  

overall 000tIi43icflt of boat tzfr based  on 
RMT 

 tb out 3UO swfnco area o tho',% in* tube, 
per br,O 

L o dLftoroice of suturation Omporawro and averago 
tmtor tom-de 	017.  

210  MOM tonporeture dtftOJGflCO Could be readily 
d4tz'tgnd by 0=910C OWMIOtmt point values of teipez'aturo 

ever the 00MOOODIng length, Tho rater ti,oraturo row 
acs linearly Wth lrnth in most of those oporinte so that 
the n.Lthotio avo.rsce of the t4rVjnpj bmnporatwo dienco 

gran the tie no= in such *moos, $o thLt in rx, 3.1 ø 
Uycoa as the difro=m botirn the civorago weter t pomtro 
Um caturation tc,orcturo of the or42 Corrnponding to the 

ossuro in the CODOCOMV12 thlcb is rordc8 in its 13. 

Vro2 the no rccnto .th or ttor MV rate, the vcLoci 
of c,o31nrj uutQr 	./cz,c) vae toriincd ioth the equation 3.20. 

a t 
'Aiij (!1U 
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b.i.o valuo IM rcwrsca In ltG3 13, it= U to tho 
Umporatwo dt if o?OnCo battoon saturation teWoratmrc of Vroon-22 
eoroGpondtuC. to tho cmdmcor proioure (item 4) and the jnjot  
uator toupeatuo (ttet 7) 

'zguGc of ovorU th. 	o1 rovictwoo p  uso vco z8o of the  tzthoti 
cumoStO W ticon 	ad 6iscassed in Chapter 4, In thul3 p?oG. 
enro the over rezIstSU00 (/7) MG plotted eelrist the recl. 
proms of the O8 potmr of the ti ter olooity.tn ft,, per  coo,  
'Iiioon poll-It *at that from Oqt*atiMZt 	:th a plot should 
yti: a straight,  Uno if the ntcrr flit e fiIOfltç  bt7o  Is the 
OAU 4oefficient VaKeds The oteLt Lima thus obtained tbougi 
the 4&La UOO =trapolatcd to infir4to vator 1eei7, Table 8,G 
Usts4or several overall teratte 	eue-e tbo uumn 
plot I rept3 vidah corrospone to infiiito w4tor V01001ts?  
leos the reotatmac of th copper tubo vaUo  Thom resists 
Po of tho' copper tut* vtii 	ceWc by q, 

() 	0, 	/_crle( Ell  /pj) 
- 

71-  

tfl r0aXAM00 tmo cicu1atoG to be 0.000014 tu QP j  s.fl. par 
• Tho rooiprc,l of the titicen plot intoeot minus tho thor 

ca reictnoo of the tubO vail (lvoo the ftin cociTiclent of 
heat tranto. 
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Fflr oofftcLmt for orntn 	42 uo eazputod 

uoing the 11uolt oqucitton 441 for horlsontal tube m1 in ozc 
to of calculationLi io gtvoz in tbq apoutz 2 Tho ovor 

coeotot of beat trnnsfor vas Cototitne4 by using tq, 4432 
for an morz)ze noo2 tapparataro diToronce batueen saturation 
to,portcturo of I:'oonJ2 cor 	&t.n to that Cooc3onl3or proosuro 
r1 Um, mcmage tXAt1rO of itor eormponding to o velocity 
of 4 ft./cc, Usina thic ovcr&..l c*eMclent GnfL tho individual 

toncos to tpertre crop across tho a.-II-wansina filci tas 
clltcd, This tot r&uro drop vas uod again for4otemining 
the coefficient of beat trtnefor for mficasina Frcon,, fly triol 
nd err colution for the ovoz'nll coetficcnt and the oon4onain,  

ftla coafTlolant bad on her Insidoour-face oroa vas n&o 
The con&nsing Alm coefflotent bacod on the Oatzidc area was 

a1n 

The ealcuatea n3z cofflelents are ofmipared gth the 
arperimautal 	 altveralts in Tablo 5. 

For turtuleat flct of voter inn civen oppnratun, 
the VtOr tUCk coaffiolcat m7 bo tat 0: C, 	Eq 
ubere C1, to na ori$i*al **natant oAd may bo 	erd as the  
opparont Individual ooffieicnt or ho. t trznofer rMn to to 

tor, Th.o raciprotal slope Ci for occh set of tooto vaes fotm(1 
to ba 3O indiocting that the voter side coeftjcjcijt of a 
trotor velocity of ift/coc, woo 320 fi br.e'tP, iiforoneo 
tt 'tuba to Ticte2# Utdne this valuot, the untor filci coaffteion 
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has-, o o oao .t at at o, t volocitice bi ucintj tho forrma1a 
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 € i 	srn. nTab.a6.7. T. int3tho pbieical  

m•  
prep tiee `~ stcar. ttce 	v ,u 	

4
o of~"o pe

~k~ ~~ I 
1 DeGi/ja z o c 1ato for all the cots of r etCinC ma iro  

si, m in teiio 667. 

it EA'1l 	Y el e Bi tax' compared 	 o V O uo s Obt,,In '3 	tile 

c to . 

Of In -e curfaco or irc u 
qJv :.t dietete2 of 'rho btu 	j) 
r o vitp of vats, /tXr.ft,OP, 

l ss rate of fly .I a par br, O. 
Iq ItVceoeity of va or, ib.por ft. tt * 
Cp w' peti f c t2oat of uator 9 3U p ww lb. O.7 , 

In & tt o to tho eve p a s, e falletinc plot . 
ma also d 

 
;bioi are di eec3 in tho fl, 

1. A plot of v for velocity versus ovorg . c raclon1 
Or z : ofd Vi.5,iO, L A plot of i . a*De vO i aver U,  

of boat t s , i e. G.U, &A plot of canoncer 
beat is s `or and 	Pigs 	.9 4 	plot of fl, .D* vor 

rnZuro..o cn (item 11) v F .. ,8.131 6, A plot of vo 
ity vor o veto tc pwwo uro rii Uta c), I'ig, p.14, 
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Thoroc* ltc o i ho ob mry on3 ! d iraj tho 
po nant , smo 6touocL The ozporttioritol C ouo2xai 

ator film coffielento o n in good e eEot1t Uith the fi corc ., 
p?cd CticfL* App 	ion of to i'oeilt3 for tho 6oigo pnrpocot 

O 	 ff. 

rje 68 to a. plOt of the reciprocal of tho over 
offiCi 	o' . the roctpcel of the 0*  , oter of the mentor 

velocity 	ft po soo-# The ct4gbt Unoc theugh the + e a 
ot r oittcd to infinite eater voloeityi  The data include 

obeorvetione tu6e for t oroe d f 	aao of 	# 	, 3II1  
o6 31? and wit nitiol jmter to serattuec of 	̀ °Fa 

Oj 	 ►u ' 	 the car aUfforcnoe  
re0630 t.h Oeicht tae nn infj throuh the reepoctive 8gate 

arcs ovin up and o ChOt,tr1C that the tloon plot intorc t : 'a 

coo nit 4 t i ronnos* %10 14 in ereot vIth tho theoryof 

¶ablo (3 lists the v niuoo of iUcon plot into o to 
too the copper tube tiaU DooictAcQcc r 	o iding to different 
voluos of L\ t the OOritXOIt1 SXd 1CUICtCd VeineD of ciid  
.i t fib cryef 3 ont 
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Tha ca1c1tcd film ixoffictcr*tO  an Cotptrc u1t1 

tha =90rinentox posults in the Thbio 5.6a The a•'ocont la 

vory good. 

Tho czporinent 1 film Cooffidionto am in good 

poencat vith tho cojeulatot2 voiu, the deviation boing ti'oti 

about 	to 6.G$ t'ot o7LpoiQofltn2. vaiuoc Thin hovo that 

Thweolt'e eimiysiO can be wod Vor p1tCtiflt *ondonsina film 

zv  tito tjpo or arrangenLento  

io 3CipDOCn OpO (4) of the Avou.btlinoo in 

t1con plot 	fowz3 to bo 3O.. Uing tht6  veiuo of CID tho 

or film oo 	cicnta tcZo 	c.ulnted 	usin tho equation 

ttoo valtmS ore tnzato4 in Table 6l olmg tiith usluos 

O 	
'Del 	

and )e6//1 

Pia. &G 	a plot or rate fils ceofficbntn eprot 

Encd In to to of Thinolt°C cnd prfl nuobora vorcue RoVnoidC 

numberp De 	ntoo that the 0xporL0rLtoi values era i 

quito Cood agreaQt vith those obtainod b7 the equation 5.4. 

AetuoUy, the oortontcl values eLtctttly  ezcec the coleulat 

valuon by about ,4 poreento  possibly duo to the turtulonco in t 

uator 00 It ettoc6 tho ttiho itt, la  gonoral, the agroomoat 
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or tito =crimental roculte la very t3004  t4th thoGo o tho 

caleulcztc& ValuoD uithin the 	or3rnta rioro 

5.10 is aplot or overall ommatent of h3ut 
trarinfoi versus vator velocity for dUforot no=  

1ioroncos both for paraUel cad  counter f1o* SM8  ous that 

the overall  coofficlont is higher at lou tporaturo difforenoc 

for the s=a vater velocity. The overall coefficient of heat 
trorisfor ja nerd icr aowtorfjou thm that for parallel tlou 
for tm smo ILC.D* en4 ve1o.tty of cooling vatoro, 

'The VO1U43a of overall coardoient of boat transfer 

are plotted aD Ordincte Cnel,  the mom tempcwatue duformao as 

abecteoct for a given velocity of vator. These ciuves oppeor in 
Fig. S. 1l.o va10 of U0 deereaos as the izum teraiziro 
difference increase, ror a given quantity of cooling uetor 
as Is ciotzi in. the tiguro For the swo ncn tciporature diff 
erenco the value of Uo incrocto-s as the rate of cooling vote  
ineroacont  as pointed out oarliar, 

Fig. 5.12 shove the not of Ourvos obtQinod by plottt 
the moon tczporaturo fttroronao an ordinate ond ti.)3 cuco 
tonnage for a given t,ator rate as abceioc. For a givcn quatto 
ity of tiator, thorn Is e a otrczict line relationship 
botvoon the cocnoor heat tranefor end mom to.orro 
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difforonCo Th000atrtbt 3.tnoo tond to converao to c coon 
point at zoro r n tol?poratxro ditfercnoo.. If runs ero nndQ 

at very iot meantGipuriturt dift r ncoc, t2iovo mo a may bonJ 

Wit, .'.pass through thoor2Lu, 

£ or the & mo 	t.eartwo torcc a,, the omdena r 

1iot transfer i.ncronaon o the volodt of the coo3,inS gyrator 

erves In Pic. 6, 13 nbvir the relation botucet the 
man to p attire difforonoo, cad tho 61 fob 3 in to pGrr tur'c 
of the saturationt ratui a of 1`r 	• r the onterthg ua or 
tet p atu (Item U) for a given velocity of O olin ato . 
may be 

 
b3 b 	that the relationshipp boteeii thoo to in a, 

line for a ,C von velocity, use lines qp owr to 

convoreo at lo*i i1 *T D* end iivere an the f& , , incronveii. 

1.7  

Fit* I4 in a plot of cooler w.ter velootty vorus 
to peraturo $nit of C0O3.InC uater *r a Civeu morn e pora uLo 

diffnco, both for parallel  d counter f ou The even 
are tahin the. shapo of hyperbola nearly: it may be obaored  
froi the Go at of curves that the to o z'a uro rise of Elie 
tinter, for a given velocity 	 a givon teen tore ure Oi 
arc h, Is more In count er .otr then In parrUol flou, it has 
been obDo c in the Casa of counter fi r the subcol1n of the 
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c ouccieSo riara tW that i n p a1to3. fio n #+ e s 	t 

The 6s to nhcJn on `la, 	►nod <ma dia for 

ratio of DpA 2, 0 I.,1O3 1 e" arl siOU ixLth the o po act 

o cul to obtcxlnod 	LGatOL that t40 data taa 7  oloo be uc3d 4th 

roaaonnbia cr tu'aoy for other narrov 	 sl 	aeon of .angtar 

ratios of fl .1. frcnu about St 	O in the turbulent ioCLon 

for ar c w u3o toporaturO of cooling vatcr from abort ' 5 to 

The ctn,voa of ru e5iO are bacod on 	 or o tenpor.  

at two dif o eo trx about 16 F to 33 F 7hie data. may be 

ucod for p 6icting the ovoraU c afficiont of hoot trzinafor 

corresponding  to a particular volodty i6 avora O tezt) aratur 

di tfe ce or the one. may be done with the use of i .aco 

plot p2ot i.e. iig. 6400 

The curves of ' co lg vey to ucod to rcdict tho 

mean torporatu o di orencO#  it the total heat tnsferrod 
by the 1&ncor and the velocity of wolfing uatoz are tizo 

earliors, 

4, 	It the aeturation to eratu o of Freon-10  inlet unto 
nporaturo cad tho Velocivelocity  ty of the c line uator ü: nc 

earlier,  the +moo of Vic,, (.13 my baucad sith roaoonablo 
accuracy to dotoritho t20 is m tcnporaturo ('ItSforoco, frcz 
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uhtc1 the ovorcii coefficient of heat tress or cnd boat trcn 

toxoI by the + ac3QZZOO' ccn be (otorrin an at toy abov.  , 

j1 	cttcn data obtained in icato that tho prrpor 
floyno3.3 s n br to be aced ic DcO/1w , iboro. o in the oquiv 
diwnotor of the 	clue?  uhicti is oc t3. to the Ifferenco of thol 
tvo di o oro of  trnu1r cpceeo  

The friction data In the turbulent roion arc vitbbin 
recarrnblo racuracy of the calculated valuoo rnc1 it In believed 
that this correlation can be ucod for other of n of wnul1. 

The ros ito of the a oria r 	iii Coefficjtø bacI  

beon found to be in good rjrcoiont with podictiorts frongt d 
a33 'heat trancror oqun ti e.Though this data can be asod, with 
roasonablo accuracy o for the do gn of .gin its, it is to 
be coaficd thsthor or not this data oL. be UOod for o dor4g 
of tbi hor Capacity plants. 
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mm 
POs-2 prCromro in tho Coon3' 	31 patg 

46.7 P, Die*  

Taporttue of l'oon in opu' 
• iasn v, 

$ttion teiiperatuz'o of  
Vrom table of tbrodiricnjc 
p'oprtiea). 

Xniot rater teoratizre 	76,82 i, 

Cutlot tinter 	 8227 F0  

'Opoituro Aso of OwliniS tiato2' 	M27 76*82 

Rest trwwrorrcd in eozidanor 	WOO z GO z 6,46 
200470 13D3 or hr, 

Avorage tooraturc of eooltnr 
vator 

a we SA-5 vo 
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4Avos o to ozratuihbG + 	or a se e n 
c iturctod heron v. our anI and coo11rig 
vator ( t) 

=' .10'0283 798i5 

Oatcldo area of tub* 

Ovo x11 c ft . 	of hoot annttr 

2365 BJ/h,Qc10rt,°p 

 

RoctrocaL of 000fticnt  

RocipocA1 of ,. 	z of v o 1 tyz  

X3,6 'i 

Torporattuo ft"o? CO botuGon Uto6 Froon vzro 

and Filot tat or a 2O72O3 — 	C 	'. 
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F c= Pos=e 	130 P . Co. 

re: V oUZ _ and COOUUg Uat (t * 'F. 

4 erje uat t peratur 	 :0 0 F 
Vi*L' rof cooling Late? 	 «►5f " 
Tube datas from ThbIe 5.2. 

Th iatcr fi2i coeffictont h, iIV ' i s la o5 frx 
the eqw 	: 

K 

The phycc1 prportioo of water are tiai at an 
"ra o to por 1' a of 	e 

0aO 6 't4 

0 	z 3000 z 94 	l28OOO lb/eqo ft0 hr. 

CP 	o B `lb dogJ. 
g 	0,331 DU ,tt.° 
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-7 
048 	0-4- 

0 oO;X70Z is  1260,000 	 ON 4-v 	(30 10 (0  3) 00 

a 30 BiO' — mart.0 IElCidO i3u?tiC of amnulas.  

Tho con&rnaing film cooffletont  ct boot  tTMC;for  j S  

cloUctc toa the equatiorto 

Tho valuo s of I< 4 .4 /11  for vraon*,12 two takon at tbo 
in tG 	uturt, thtot 10 tho tporatnre of ttio con2cnajn 

vapours atnuo 21t. Tho VOE' A to tOkOI at thO 	tUDO 
of V10 Condenalng Vapour. 

iho film Co fitCLont for 4 274t i0 ftt Calaulatod 
06  thcu mOdIfled by a 'trial nd error .intho6 to take Into ace 
ount tbo teziporAtwo drop thug  tb uatcr film md copper tube 
uali4 

tg 0  107 c 	ItZ' 

O,G2 lb/Iir.tt0  

e, 4372 lb/cf t, 
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54.806 nTu4b. 

g * 

 

4* 1? z i* 

040000 X 8 105722 Z 401? 21 I 54,806 
0.125 	 irr F I 

329.5 /r.4e9V.e,ft of inside surte* st 
inner tuba* 

rfl ceeffiotent of beat andw is determined tree the 
i1V1ItiOfl$ t', L 	(z, fr)  

'J0 	 + j 
 COPPER 

evenU oafftctent bad on the outside it*ce area 
at the inner tubs. 

* JZL a o.e3125 tt; 

 OtO266 ft* 

xovpv * 822 3V'hr10tt.4.ga. 

.-, 

* 0.*04364 

The tp.ratUZ!* drep through each at the MA is 

proportional to the r•atatnee of 004h tile. 

Tho final results of the trial and .rrsr aaUied 
f•r the condensing file and over cefftd.t* Of beat transfer 
are. 



132 

at 22,70 t) =344 	r (4o& ($.tt. 	inside 

1* 	
0.00085 ' 0.000034 ' _ 

0 .0O066G + 0.0038(5   

0.004209 	V 

2S4 E~/.- deg.L e ft. cf outdde surf 
ao 

Cudensin film c ifi sAt 

mod or ou c suriacg rte  
VV 

* 2Ø15 	 /h o eg., sq o: 
or outdosurface aXea, 
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A I LX 	Boat Tr t ` 	t4 Prot3cuo Loss In 
Lo1l 'GouiorCi i ch l-t ft' 	tuba boat o hancoro 

a,A ,8IoS, VOL (37 po G75.iG1 (19 A5) 

n D JV?T t # a . cud D.L.Iat 	Cononotion of Va ou'n on 
outoiatoldo of tinncd tubaop + cr►i eal SM9# ProraDo, vo. . 
Do 

3, cAUP N R 1,P. 	A P *CQLBURt ' 	Th Effect of Vapour 
Volooi1 	DZt ofl mo Taboo," P cootUnz of tho 
+ ►Or , Dicc ocion on Heat 	OfOZ ,'t , 20.m2G (: 31)O 

4, cRPEU2R F,Gap 4o o COL 	T V AND U4tHQX3OBt70 Mitt 'ranaf 
en ,d 1zotLou of Wt In € alt cpac v T"r v A o16C 
goo Vol, X2 PO I - 287 (2O) 

o W)D I , J.D. V ri Condcnetion øf Vapour in hoj'j2ont n3,.  
o Rote Cnrj4 , Voi.65t p0 3G April (198?). 

G CiI4'.'' 3' * J q Lcina Condenotion inai4o ri2onta1 and Xnclino6 

1 COLtE 	 Tio Coloul.atton of CQndonrotLonA 	
a" of theCondou3ato 370* to in turbulcitt f1 so Trarto0A,I, 

Ch(mo L o v O10 31 Pa 18? (i93), 

Col irn, . eP o v Probtoa in design on aeearth on CoO o bo 
Of V uuO n6 Vapour zturoa Pr+ o+ ftv'o of to Oonorol 
Dicuooion on mat Tranofet p. 	1(1D81)  

0# COLI13flfl 1.,P,p 	L, 11LLM3O. and J W, VI": S' 'i'TI Co + oor  
8ubcoo3.oror*bzictcO an4 Dcei n A-aIecho 10 Vol, 
pO 467c 	(192), 

, DI V 0 I ,OA v float ro~fo rid Pr az 	. zo Drop 	u1t p 
060 P6

y 
66 (3 4 ) 
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Ili, DE Laz zo B. endi.D. L Ta13OZt Host Tr a `ox and P?oo r* 
A 3 , 'poi. , p, + 3? ?t (1~ ) 

32,E DW2 /̀̀ 't ,Ea U,i4.flcrio, cr6t'J,Q. 131:IXM 	#o Cotjonofoz 
D op too Condo Et .00zi oi of Step Traci*I,ChbE, # 
p 	, (19:5)+ 

13, U E2On 

0  

	

J4ttO3, t o O eat 	rufci Vol. 1g t'i.i0 `0 Uot yo 

10. JOl8p WW* 	of cud Co dczor Beat Tr sfor utth Loi.pooiir 
Ian ofrig ent , Rote n 1 1 Voi. 4142 P, .3, Tuno (2)41) 

.?, KZ i.L# R,!. flGP1o SsC. Duo, ort*D4 R I3XXtT 
:tire► of Fio+cn 1 t . b I?inraad Tuboa part • Sin] ] florj on 

	

uboc$ Ra "o Cngtj, V 1, t 39 P,,` . 	7 (37), 

tiou of  Foon32 	 e, Pari Ur* Muj1.tabo Cond. GASoXc Re 3fl3i. VoZ.63 p. 318 (197) 
ie XATZs * ► ► , #0* MA TY Jr.d A.S,► POUs., flort i gym ' 

tb ucb ubo  .; Xbaroi Spct1 va07(1"4)10 

* 1%T j D; ac v czd JeiiGZT Condcutton oz Sig'  tort&-ems flóut, 	s 	n, o1 ?O 

AVS 17 a1.$ 00  	O 1D11Tco paob Uoz .t z . 3,0 * P 	A 

224 ItXRCBR1flt C . . Root 'r: 	or b Conner n Vapor 	or O* Adlochos*s Vol-soy, ,17 4a ( 	) 

23. RA o A.P. 11400 tACXhZ, cn R.. 0OUV Boat Trzuo r In u t24 . t 	,.a. t coo w o!4a awd cor, Rod'# nC yo'* '.743, p., 	80 
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!4 
•1•!J. 

280 i1oAznB, Vlog4 v Had TrenWAssimp UcQrM Rfl3. flook Compaqv  
a8r6 witiono,  

ca 

 

11=68VAo TOMOo nogv b0tVem Boat Trquotor n6 fluid 
Pio1on in OflttUp OcorLI 1)iocataicm on floc Trmoforo  
Po G342 (10040 

970MSSMT ao quotod by tl= Jshat~ Neat ?mots Volalp tfloy> 
Dow iol vfi. 

28 pC1IML9 fl, 	Appiiation Of float 	data to piaoie4 
dootgu o ho ,nta thou typo rotrigormt cxmdonccws,  
flat, Skunse. 	30 p p27 (JL.U, 

29 OU3NO W••It Boat TraAofor aud Twporaftro Dtot4bu.t 
tociftar Condonaatio. 	raro# Mt 	tTo34?, p 2384G8 

MEMO A#A4 flcato on FUM Ce4oaaatiaA With Turtulant 1710y 
Tr4a Voi? p3O3O2)o 

?.. cooao 	fla1i*o in Datg 	j Opeton JV  
Of raonia Cononao floEng, VoL 	1*,8, p,830 

2, sgortT, E0E c1f3 	. BR131T, Con cLcatton of Vcpouro on 
Voxjca1 &n1u2 0g Bo 1fltQ1 1lC OtrnEr21 Divcuion on 
Boat TrcøfOr P8 27.?iJ. (i951) 

GP=O, Sollop CAd JeLc 08200 4 lbundary Door euttcnt of 
nrft1n Conoiwattor, Jo no3 of float ?'annto, Trcuo 

06o 6PAM- Otto 849ov =4 J.LGflGQ LaMinaX Condocation, Heat ?rcn ter cn a fl6tonta2. C71indor 	Øfl 	jØj 
(nov ZO), 

5* 	3tiIRFOCO Md 	iLLMD, Dot*bio Pipo Cooj& cftd coo 	ioZ 	VoL i?48, o48 (JJ 1D2O 
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c 	LX7Lfl a.Le Jr* C,D. LITL D3ub10 Pipo Boat tzcoc 
£ t.CCQ CbLtT 1fo3 	UO.0410 p883 (piL 

U:M=s B.D,, fld DLn IQZ ?o?Zoz1aac3 of 	¶UbOØ in 
il,uDe UOat C cagcrc Vol.760  

P'* 

• -as quatcd Uøat Tronmlsaou, tcGri 
Mil rook 	2tr8 Edition*  

J,UMUCM O CmdeAmtIon at Saturnted  
VApor on a 	of ho 	ntc. taWs,  

Vol, W2  po 77G. (2), 

4O.1tO. 	Toot o a Vox.ticl 8bOU city b3 
tLOfl2i Vol. 226200  Pc '43 (1G2$). 

C'N 	ell 
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