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The prount work was tam up to investigate 
m.aIA17 the, effect of wire -nd tube geometry at heat 
exch.nger on tranafer of host when it is placed at 
different angular positions. The problem has been 
analysed theoretically and experimentally. The 
effect of chi eye action has also ben studied aide 
by dde, by conf.tning the ezdimgar betwegi two' very. 
tical plates. Within liadts the theoretical wnd 
eaq,erimontal results obtained agree to a goad extant. 
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With a brief introduction the pre aft wrk 

baa born explained .tU1y aid the work done 

by the previous investigators has been 

marisod 0, 

I 
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Lnginooro ore continuing to carry-out ontcnsivo 
• ' `ecoadioa lbr m 	,C rof of is End a lorotiono. 	l 

cad tuba hoot oxdhcngor is one of tho roculto of ouch 
rocorchos boing aarriod out fbr produoing ax oconoif.o tad 

offoc 1 o hoot ozcxrngar for domoatic' rofr,goration units. 
AooICoo ain1tcityD the tiro tad tube geonotry rcndoro 
co oatnoss lour production coat, ease of rzanufaoturo cud 
liab ooG Those are the nrin attraattono tthidh divert to 
ottontion of engineers towards the Investigation of tho hort 
trcno or Zareaterjotion of cudi a gcom try. 

' o theory Involved in conduction cnd convection of 
hoot 1n tho uiroo is booed upon the Lcngisir Theory of 
hoot conduction0 A fully aatiofnotory a roasion for the 
procooc of how traaafor from a uiro cnd tube hoot oxchcngor 
eon not ho given duo to Ito conotructionol coi to lty, Evcn 
than the hoot trtx ofor oq~a io o based on the necessary 
cscuc tiono hove been tiorltod out by ntny vorkoro of this 
field. In order to oii pli fy tho o dyaI o the isholo etc h cn gor 
to uoually conoidared to contain a rnudbor of unite oac~h coc-

prioin3 of a oinglo tube aid tt,o troc attached to It ar000 
cieo an to dtazotrtcolly oppootto points, 

ho prooczit cork hoc boon carried out In odor to find 
out the + araatorjotics of the ondhcnaor for its off hori cn  
tel. pooltIono (i, oo different ystr cnglea), Boatdoc thlo the 
affect, of wire spacing and utro dit for has also boat 
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stud ode Voc000ary ona ptiona havo boon node in order 
to of lIfY the problon to the noar satisfaction, ' 910 

dotorining the affect of yc iod poottiono, the hoot Oa 

chMGQr has been tilted from horizontal to vorticol poot  
bone, In one cove iroo on kept horizont4 en to in the 
other coo tuboa ore kept horizontol, 

Thou the 'ork an the natural. convection from tuboc 
end tgroo has boon 'conductod Ibr loot fifty yoara or coo. 
but it tsoro late 1960n uh+cn fou of the rocoorah cng2nooro 
of U#G# r Dtartod tqork porticulorly for thie configuration 

of hoot oi.c angar, Dom the literature ovtticblo it a0000 

that flr. O,. Jit ell and t. Rbntain1  fbrL1lrtod Sbr tho 
(trot tine in fiiori 19$?, the boat treofor oc iotiono tog 
t,iro cnd tuba gooetryw  Later, ttor conducting the tontot  
in Gcpt, ].9&7 they ouggootod the folding M, oria 1. ague» 
Lion ftr the doaiep of hoot oxchangor*  

ìuO,?2 3r 02216  

1otiovor,, they did not bothor about the effect of off 

boric=tc. poaitiono of the hoot ozchcugor, Oiiah obviouoly 

coon to boor corn rolotion utth the offoctivonooc of the 

hoot o chccgor boccuao the tranofor of hoot toitoo plrco by 

o c voctlon only. 

Lpparantly cn3body trould guoca that hoot treofor vu1] 
be tact offoctivo in the horizontal pool,tion of the oichcngor 

otnec the convection curr+ to viU be ].ocint interacted vith 
occ other for f`br each pair of viro Et tuba, But horitontr. 



placing of the host oxchrngor in found to be coro, cpoco 
connuign In root of the r plicntiona, cad it in Wo pocaiblo 
that depending upon the doSISM, ouch n ior4o frog horizontel 
spoco may not bo c t1obie, t orci.ovor it is oltrayo dootroblo 
to place the oxeb a go r ouboido the ro f  oration unit thoro 
the free convoction may bo r oro effective; obviouoly the 
hotonto1 position of the oxch ngor trill incroono the floor 
epece refired by the unit* 

All bhosro dc bociLo or hosj.za the need of invoutS,.. 
+~nting tho offoct of off horizontal pocition in which the 
bent o &n nr ern bo oaoily ploaod in the uvciilblo treo 
Op Cco , with this viou point, Cyphoro, coos a 8ociorp3 
ted the irh far off horizontal poottiono ad In I9G thoy 
publichod their roculbe, Later on In ,Trio 1969, titnot, 
Thntein C Pcpta ok introduced the concept of Avorogo Ihzocait 
i Grohhof number fbr tho cntiro hoot o chcaeor with tho help 
of oroetortntic d ,,rotor dot ,nod by the ovori o hoot trip 
for coefficient, 

Problem of ovoluotinG the ovoroao hoot tronofow co 
ofticicnt hoc bec2i calved by ov u,ting coofficiQta 9br 
tuboa dad t iron cop nrotoly, cad 'ohm dotorjiinin the convoc. 
tioo c~ogfic1cct fbr tho tholo hoot one nrjor dofinod by 
ovetlan IL 

In addition the rodintivo hoot trcnsfer coeffidmt 
hen been ovaiuntod by tho help of oquobion 6D since the 

4 
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praviouc invontiontoru fund thot the hoot trcQferrod by 
redlotion 1brrc o nigaifl.eant port of total hoot traicfor. 

mac the litorcturo avail le it has boas found that much 

o? the tor hon hoes carriod out for horizontal aid vortical 

oytin~loro ~ • 1~ ~ 1'1 but the field of ycod pooition of 
o indoro or pltto was o1rot u touehod before l9 1.c, 

Dur nj 19 Oa o find only the work of BU. Rich and thtt 

too :Tor tho inclined fiat Plato. Later ' ritton in July 1263 

iivoo cot concert for the solution of boundary layer op* 

tip:; for inclined flat pieta. But gill. prob m of inolin. 

ad o tiindor roncino unex►loltod, In tho proccut work, the 

colt tion of bountThry layer oqaaBoxa for IJiClInO8 flat plate 

hca t:oc1 oxplaiaod aid the aarno leas boon ortcndod for cppli. 
cot ,on to inclined cylindoro, 

It toe oleo conoidorod cdvinoblo to study the thiaioy 

affect by wn nirg tho ozohaigor in a duct made of tvo 

platcs In vorticel position. It mi t foot the hoot trcnc 

fat coofflcilcnt , ainco the convection currant rill ho aided 

+ice to tho knotty difference bot rota outaido aid inoido air 

Only o on atol atudioc of the cboo z tionod phone. 

pro h c'o boc3 acdo in this toxk. ' hooratgca trootEant is 

co Uectod deco to the cituotion posod by tho proccnco of 

combined frog 3d forced convection of Cory lou roynold 

nutcro. 



Recently Colll Cott H.L,,, R►ntia1ii & Wit*ell him 
• proimtod the offset on r9dl9tlon itnd free convection heat 

trci3fer from wire ,mod tube heat exchangers. Their work 

emheized the radiation characteristics song with the 

c ioction daracteriatice, 

6 
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d1 d is i of icg flow through the heat 
exehmger ezp11ned, and unveetive t 

e ` cients fbr different pos1t1oti of the 

cylinder a lyaed fbr deterrxduttion of h 
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Ao the nnn indioctos thc, dro end tuba heat ouch gor 
e3nolntn of number of tuboa where endo cro joinod In ouch a 
uoy that they form one long tubo in curpantino thro, frith 
tiros trolded crosac co to tubo length on both cidoa of tuboo 
Thou da the above conception indicatoe the ai plicity of the 
G it o rn,d Its uurnufacturo on large ceclo, but it is very 
difficult to develop an o2tprotoion which could aatiofy all 
the physical conditiono cad give 'tha offootivenaoo of the 
unit by the uco of the concept of average hoot trcnaror 
COO.M dent q,plicablo to unit ca a tholo. By phyaicai con. 

Lion o we tioan that in actual p rash co the .r', o are crot. 
ldcd on the diaitrically oppooite points of tho ernes 

coction of the tube. So actually the sir® coca togcnticlly 
out rcrd from the tubs coction rio czo n in the dingrcti Belo 

01 NLUiN4 

FIG j 

Ir this situation of tiro rnd tuba it to rather diffl.. 
cult to obtain cn of ect orpraosion fbr the dioapotiaa of 
Rost rnd tho offoctivcnaco of the Ccocotry. Though a caco 
oi' tho tiro projecting rally outuords to oiclor end the 

cffoctivcn000 of the gcoatry c: i oleo bo predicted in eo 
p erntivoly o cior rr a , 

8 
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The p roblom noy be do alt in tuo trays. In the tirot 
way to co conaidor tho d ro projected from the tub* to 
halt way botwocn two adjacent taboo, just like the pin .Pirio 

with tip to oratuiro mono at othor thcn atcosphorlc tom. 

porcture. The oecond tray in to concidor the viro ortcndina 

from one tubo to othor rdj cecnt tubo which may bo annuied 

to be of the gam tonperaturo cnd d ,amipnttag hoct to the 
surrounding air. In both ooson the problod will be alto rod 

when either the tuboo ore wado vortice3. or tho wi,roa cdo 

vertical or ehr yod to a position othor than horizontol. 

It in quite cpptront that the offactivtnooc chould 
bo mcdcum when the a chcngor In in hori;r ntal pooitian, 
ammo no intorforenco of boat currants will tolso pleco, 
wiilo in cane of off-horizonto3. pocitionn9  the hot air rive. 
in from a lover tubs or wire will interfere Coro cnd cro 
with the upper taboo £ tiiroa, an the r a 	o Inez aeon, jam 
turn the offbetiVcnoco will .(o down, 

'o boat cp roach of taoklin tho problou to to diffo 
mot, cto the uho10 ?pact ouch ca go r Into o nuöor of Ccocot 
ocll i oiri1tr corcponc nto Hof oting of ono tubo ,gad coo oi000 

wire cot welded on It tad than conai lor2ng each coconrat 
ocparctoly, ibr such a c cbmicot  hoot flown from 2noido 
liquid to outoido air in the #bllotrin,rj uny« 

io float io trcnDfor2d by canvoction trot the aoi .o 
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hot fluid to tho #n'atdo roll of tho tuba, 

ii, Boat thcn flows from inside to outside ourfaao of 
the tubes by conduction,* 

We Root diouip tion from inoido to tho outs do Lair 
takoa plc o by to ochc hoes, 
(a) Pzturol convection of hoc from the outoido 

ourfcce of the tubo ,o11, 
(b) foturol convoetion from wire Ourfoaoo v%j lc 

aro conducting hoot c cy from the tubo rat1. 	~\ 
iv, Heat is t?c oforrod by rrjliotton from tuba cad viro' 

ourfococ, 

If tho floe condi 
tion lnoido tho tuba is conoidorod to romain conota1tp than. 
tho 	jataico to hoot flour by difforcnt +soya till bo COflOr. 
tcnt. Total Croat roointcnco may bo dovidad Into throo diffo ► 
cnt rocttflcoss 

i. Inside tube rooist€ c 	0 RI 

its Tuba rat1 roojctcnco 	a Rt 
We Outoido tuba rooletEuo 	a p 

Outaldo ourfoao rosiat~mao ccn bo furthor cubdividod 
Into tm p arts oporutiu.d in p aralols 

it Convoctivo hoot roaioteneo fie tho outer curfaeoa 1Zfl0 
ii. Rtdiativo hoot resist enco from all outoido 	a1 , 

ourfacos 

RC Y 



Combining e1i the re5ists1cee we get total resistance 

k ,« 

 

+ r + r 	 } 
~4C kv 

Zf U Over ,i pert trenefOr coefficient for the 
'G r heat exchanger• 

Then the total heat dissipation 

'tOtt a = u A e 

whore  U A 
Rtrot 

tct= 
tI 

toi 
___ e m 	_________ 

koAt ~, r 	, 	. t. - ,r, 	. cam. ,30-t~ 	. 

' :rid fleet jrWpLgr_+ oei" 'ig jMjj. (hi) This am be deter " il~r ~rMU~u ~Ilwwwr MII w~-a~~~MUw'~!r 	~rr~~~rw11 

rtned by the iell established a Cation 

w  ~ 

..«f«.. 	(4) 

where 	1 , 

• (hr) The radiative 

coefficient cm also be determined by defining it by the 

it 
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110 	Ovations 

,, 	rA0 
00,0 	(5)  

oroco In octu 	 44 

ar +ra _ a t Trnpqr _Ar has (€) Ito total hoot tr+c of'or from 

the oxcbtngor cot be dotoriInod by nccurina tho floe rato 

of I1 quid nd Inlet cnd outlet to porcturo of tho It dd9 

Thus 

Nowflot in tlndina b'. the c nvoaiuo outaido coof.!1eic;t 

vo Oticli concidør that the tot ci hoof l a di c iip atoll by ui roc 

aid tuboc 8Op orotoly. 'dins 

Qtbt ca ir$ra + QZr1b0 

~k tat. A tor. 8 t 

Shoo 11tot rs At # t 	 ooa+on (8) 

(10) 
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In tho oquvtion oo m, htot to noth1ng but he  f►x 

tho hoot ecbQgor aid At fo Ac  for tho ox cniox. 

Thus he  Ae  a ( by tw lI ' ht 	 0000000) 

uhoro to dofinod by 

7 7 1 Arr+ 

1n officic ey of Tiro c n b rocdtly ontiottod 
'rota tho . obovo 2orculco, frith nuffioicnt occurcey. Ibr 

cot of tho trtro confiurcttono it floc bottioon X80 rid 

*IDSo 

lioot trcnsfor coofficicnt ht  for tuboo till nou bo 

ovoluotod f 	rttcoll  horizontol cud ywect poottiono of 
the c7uAdor, from vori.ouc .for alotiono fbi' froo convoction. 
Loch coot tytU1 bo conoidorod ocporotoly fn dotatla. 

ovoluotiGn of ht for hoi'itontol cylinder trill be developed. 

The boundory lciyor o .cation for this problon tioro oolvod 

R. I-SomM , the volution of c tc' mood vtth oiorl. 

c ►tol reciltc of J4dlbcuor? B,c ory of the roculto rcndoro 

thot the cvoroso hoot trr. cfo? cooffk!0ni on circula? tube 

titth di coOi' d boo tho oo valuo of h oa oath the 
1 Ertth %.% 8 4 hoc ita Horn 1 0 colculotiono 
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oTO baaod on the aacuption that the boundary layer thf e-
noaa 113 nog.itibla as eorp rrad to the dicieotor of the cylin.. 

dor thi ei la not to ►o r the + mae of vory thin uirrouo In 

order to account ,fbr this olco do aholl toho the help of the 
then of heat co ducts n in Gz oa dovol,opod by Irvine time- 

tad f or token up by Rico 	ho alemcry of uhich to 

glvcn in tho fbllouing paac rc bo. 

I 5. e a Thooryya The fluid In the iczod2oto vicinity of the 
horl ontol uiro racintzinod at a conatait tor,orcturoq aotu 
heated csd rIcoa up t'hIlo It la rcplccod by the coolor fluid 
of roctor density. The difforcnc in dcnatty ccuceo the 
canvocticn current to act up. A fib of the fluid re +ains 
ctatlemay at the curfaco of the t4ro duo to viacouo offoct. 
The velocity of the convection currents increases an to tov~. 

c ay fro r the film until the critical velocity to reechod 
and tho f oli at thin point auddtmly c! oa to turbulent floe, 
t oio the diocontinuity bcttccn tho atroaciina end turbulent 
CoQion totoc place, the outer boundary of the film to dovobop. 

ad. 	o tot poraturo at tho Inner boundary to ocia1 to tho 

aurfaeo to oraturo of the Oro uhibo that rat the outer it 

go oxaal to c btcnt torporcturoo 

Lmamir girl u1od taiga coc lou probbom of =Voatlen 
Into a o .r~lo conduction p s+obloe by Csszus t ghat outer bo & 

o'er of relatively cto ncnt fin waa a cylinder c cc trtG 

uith the tyre End it has a definite dI=tor. 
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titb this concapt of the Ltgniir oory aid t&tj 

as th ridiuo of iro,triro to rorcturo aid d( 2 ) 

di motor of vi?o then by dofinition, uo ;pct 

tica f oD the og4tion of boat condactjon for bballot, 
oyl dorc: 

44% 

*0000(16) 

ibatitutjnt foa ogictton(15) 

It rte.. r, 12 b -2'Thicknaso of the ' 1 
Thcxi 

I+-b-  ~. 

tar vorticc1 hocod p1ctoo Toler c Drr ro 

rata ootcd th uco of ibllowlng o ption 9Cbr dr tith  
Pp 0 .714 ad fbi' =oil tocporgturo difforcncga 

N
u = 0 * 378  



So by ch,nging to cvoraijo hoot trr cfor cDotticicnt 

cnd substituting 2 a 2,6d  lbr horizontal eylindor, 

...,o (am) 
r small voluon of b/d, the oxpr000ian Zó(1 ' M)/d) 

19 cpp?O .gctolp o at to `d aid thorefbro 
N = 

introducing it into o intion(18) to Coto 

+ 	c -iS].*.' (Z3) 

This oc .ttion 'ji11 ho uucftll in ovoiuctiag ht,tho 

hoot tr albr coofficiont for hort. tol cy1indorc  

ii. 	 o 	 d S. Tho 
Qalysio of thin probio© uco oco by 8porrot rid Gogg . toy 

obtonod the rogrit by solution of the diftorcnticil ocisctions 

of tho 1c 2ncr boundrir 1cyor, In cdditioi ai Mclyda be 

of pure concucticn throuuji ci oc2Iivcicnt ctcr scat icyar of 
old ucz cl cD moo. 

.2ho phyoie1 oituction of the problom to cb0t11 in the 
fib. 2. Thoro tilli be o9tcbli bod C upt crd ar ity force 

16 
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duo to tho doncity difference betuoc n tho flutde just 

noon the vb inity° of the cylindricci yoU hLth is at 

d'hor toirporetuio end to for density, mad the fluid tar 

way from tho bell t.iot is ct lov tec oroturo t ►d h dhor 

dcrn ity. Tho regiont t'haste the upti ird floer pricotly oe .ro 

is called velocity iounday 1oyor, cd oinilor.ly thorn. 

boundary layer is the region of ap cco uhoro the tomporr 

turn dovictoc Qo?ltodly from the tozporcturo ct tnf' pity, t cam. 

In gcnoro . 1olocitq boundary layer cnd thorc 1 bu'i,dt 

layer Novo diffaront thi&mnocaoa, relative cajiitudo dc?c i& 

ing upon fluid proportion. Tho thiolmoco of'both the baud 

try loyors mey bo acsuid to bo zero at the long edge 

tz =0). 

The opiction o rreas1ng conaorvotion of mono, roc . 

tun ,cnd georgy for Leiner Sao convection In boundary lc yor 

an thn vortical cylinder uill be 	poct4vely an ibllocs 
t (Y LL) 	 -)  

z 	 • 1 ) 

y dY Y_ 
oaoaa~~~ 

17 

i 	~f 	a .'.'i ( W ii 1~ 	•ry 	~t 	q t r 	wart x 	i#1 	~y s 

i. The dcnoity bcc boon t o an o vcrithlo only 



in tbrrnui,oting tho buocnctj term 81 (t - t9,). 1U othor 

fluid propo ioa air tckcn to be conetnt. 

U11 Viscous dint tp otion cnd the work cgstnct grov Uy 
bon been noglertod, 

Sp orrov tnd Gram h. 000 obt cdnod the roculto in infinito 

canoe form cd dovolopod the o2 rocoion fOfi Nuccolt nub' 
In the fbiloiIng 

. nalycjo is boned on Legmzuir Theory or conducting 

iayor, In ih1ch the froo convection .foot trcnofor probioo 

to roploced by a pure condactton problem In cylindric l 

Cinulus of stcr cnt fluid over o length of the cylinder 

froi x 0 to x 	, The tom poroture difference ocroen tho 

conducting lojor in (t tJ. Ovor ll host flog through 

such o eonducting €.muluo Ali ho 

+ b 1 w w vc a- 	
i ►two*  

W 

4 Nu  
x 

<1 	i 
	

) 	 arfii 1/ 

t can b/r 7 	1 1 thcn toe (r t b c,tU c,procci  

+ ,  ~ Y„ t 

Nll  
4  ) 	OSØO () 

Rona Our. ic ru000lt nu or bcacd on , 	It acn bb 

18 
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duood to ozproaAion halted on di toy' d of the eyliudor 
connidoritig 	t o Lc n ath of the cyllndor; Thus 

.R*• 

Ibr pr a 0.72 Cp errotr std Gregg geve the vcluo of 
'lulls , of 

N L X : 	
+(Lf 

. 	
(i)5/4 

_ 	1~ 

3 	 ~ 

Subat2tutin g In o Lion (30) t►o get 

u&  
19 I 

/ J 

Thic ocactton wlU bo eppitoeblo for vorticci poaltion 

of tuboa cnd titroa1 

III, 	xr°;tca Cyi ~►d 	Ibr Lt 	or froo 
cnvoction frog yciod cylinder, ovorego flucoolt auibor may 
130 predicted by ortonding the colutions tar horimtci aid 

rttco1 e1jndoyc, cnd the hoot traicfor rcto'froo the 
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curfew may be dotoiiiinod by colution of tho a Suctiona of 

conservation. of most  o1•ntum + onorgy. 

If theco oictjoflc crc torpid with the car 	oidin.g 
etian for tho borizontel plate, they coon to be ldc ztico, 

MOO thet the otction of moorvotion of zrcntui is hey. 
JAC o tore roproc rating b oyot 1brco, trhich its Ditipliod 
by cocino of the ytr a gIo. Thus the colution of hoiøntel 
cylinder orn be ortcndod co cc to obteth tho solution for 
yr od cylinder within certain UmitG, Once ogc2n conccpt of 
the stct irnt 1 r +ialycio of Ltngcuir o&tficd by ckort  
cn be Used for finding out the colution. 

conservation of mcoo rcntim cad cnorgy fbr £ncll,ncd plate 
will bye 

S!nco v 	o action (340) moy be oittod0 
Boundary conditiono era. 



1 ~ 

Y 

PIG -3 

FREE CONVECTION FROM INCLINED FLAT PLATE 



E. Poh1hsus i has suggested the introduction of 

new srem tUnction qJ ibrsolution of flow .potion, so 
that 	and `=- 	i t# the resttting  
partisi ditferenti4i etp8tio Zbr ' as iced to as 
ordinary differentisi a ation by sid1,rtty trws rmstt, . 

~#  Z  .. 

-t ]* 3/  

.~..... 	[ vc  
J  l 

cY 	t. _'-3- J C,2.: 	- 	(y` 

C¼ V` (A 

\y __± =_1L 	 'd 

6 

21 



Substituting these velues In equation (34), we got 
the ibllai4ng dtfteyentlsl eguttlons  

Yz 	[L4 ) 

Y 

tC XC fit  

zc 	 H Id —-m 
+-e 

L'f 	±  

td substituting In ecist1on(35) we gets  

__ 	

C r— — 
)/ 	— 

22 



( L±  

1f 	.• 	!4 

Boundary canditLQr now becom at 

Solution of the aquotionn (41) nid (44 havebeen obtained 
for hot vertical plot* by go Po ►suss 15 	r Pr a 0,73 
and Is ahoiat in the fig. 4. 

Nov hest trmsfors ,d per unit area of the plate 
G 

= 	 ) (c xT) 

t~ 

23 
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- 	 (t - 

dt 

3 
0 

Total heat transferred by the plate of length L and width 
b 

a b j 

	

a 5O 	±L b 	C 

L (. t -L) 

f~. to L (t4. — 	) 

I.,Y 	N  ;c., 
	t '" 	{"~ ' 	 _ (_ 	) 
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Mopping the r od GiVcfl for vortical tuba in sectioxi 
ao3uui. ue oiqoct to get a aim41t ezpr000ton as gives in 
os lction (32) fbr the c o of o inclined tube e ibllotmg 

Cry(  

	

This oquction utli not by c plicablo for CP 	g ** 
But uo em very an11 apply thin oquctton upto 4 	46°, 
Xr 3> y) > 48 the coiuttonc for ho ,ont l cylinder 
u ll hevo to bo o xtcndod in eider to include the effect of 
inc ,nation. ttio to Ec! ort the oqzanion (44) u.Il hive e 
co&ttiod form es fo110 rn; fbr this caoo ø0>1) >4&0  or 

?.O4 E I;RIf-t ►! 	ISM-OATIoll OF he  $00 

Errorir ntcl veluo of hn  will be dctorm nod by the 
defining oquction 	Q = 	 T) i 

- 	a 	CL 
(c\ 

 L 	) ( 	- 	( 	
- ( ) 

` ilo equation to bcood on the tubo curfoco tonporoturo 
cnd e1udoo fOr convective End ?cdicttvo hoot trinofor 
from the ontiTo curfceo of heat o nth gor. 



4T R 

`lam  + S T 	w« ...., 	..,.. .. . 

'$ Osnerol criteria of selecting the various 
units of the test setup explained in details 
siongvith their fUnetion , 

26 
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3,801 	itx _WI~4 

The ci o Of tiro bolt ouch or try ooloctci crb1 p 
s .1y depond n ; anon tho cp cco filth ooy bo cvcllc!) o in a 
C310 fl 	ctic ro 'riaoretoge Tho ovoroll 1c23(tI1 ca 
tn?Orilth, tubo cpccina cnd Cabo d c otor uco Lct a notrt 
lfl 11 tho toot onito0 oinco offoct of thoco fcctoro Ic 

uo21 tnoun ad io indcpendcnt of uiro tubo -cm=Lry, She 

f1ou rotc throe& the tubo to olco ricintcincd c ottnts 
Vt 	cblo feetora uoro tho tiro diccotor, tiro ccc1n 	in. 
clinction with hori4ontol , cats cp ccig bott;oci t c c 	)1c,o., 
in e€ . o of a iL loy offoot. 

1irco c fforcnt tip d1cioboro tioro oolcetc4, nc ol7 

Cc21 3OP 13 ;c o cnd 1 80co t ich nocoocitctc tho c ncc 

tr4ctio2 of c1orot t1hroo hoot cuclaicor u itco zo utro 
cpocia coloctcd. YOro 1 `~~ u  Cad 	ic CAL-)^Mcticn 
rocaircc1 Only =o unit for coch dicrotor cid it tic; pocc2b1c 

to cbciro over to ncrrotvo€ opcoifa by introdue2no two cddt 

Lion ~.iiro In bot ocn tto uiroo to c1 cn go tho cp ocis p, frri 

`&%0 incifaction Of tho onchc3cor ucO CIO coloctod 

cb1rcrily c rod1cr intorvcl of 1& uitb the hori tc . a 

n rnt the mOh cf 20 r in c1fnncbDaj uco r;i a to; C 	D O° to CO 
?cc ini Hiroo horir;cntc? mo tI» aof ctio uco ciacc2 
fron o to oo Lccp c taboo Lor .zonto1 rap actosoin zap; 

ciiaoy offoct the oiczc or uco in vortioci pooltion cm.. 
Mod bottac c duet t]cdo of to vorticel plt oo9 the 
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spacing between which was varied from 2" to 3 o 4$ and 
to 5". Each unit consists of *" I.D. steel tubes with 2" 
sp acing between them, and ends joined alternately so that 
one continuous tube is in 4g.asg shapes Steel wires have 
been spot welded at the diametrically opposite ends of the 
tube. The whole exchanger was painted with black paint in 
order to increase the radiative heat transfer coefficient 
and to simulate the actual condition in which it is used In 
practice. The exchanger was suspended on a stand abot t ?' 	4 
high, so as to provide the facility of chrngng the engular 
positions of the exchangers 

3.02 O REcJJII MFJJITS 

Additional provision was made in the test apparatus 
as tbilovsi 

Is 	 .. This was ac ie"d 
by providing one preheater tank and one Constant temperature 
tank, the capacities of which were selected so that they can 
supply water for about 1 lore, continuous run of the test. 
In the preheater tank the water was heated upto about U0 to 
3~BO0l~ 'which passed on to the constant temperature tank where 
the temperature was maintained constant at about ]ROOF. Two 
thousand valts heaters were used to heat incoming water in 
preheater tank and to maintain the water in constant teapera. 
tour tank at desired teopersture* Preheater tank vas of 45 
gallons capacity and of the size 2'x ' x A' aide of 3/S" thick 
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U0$. hcot 	font Volvo ct tho ttor clot of tho p ro.3 
hocto' tcaI providod conottat lovol in tho prchoctor ttnh*  
Tho.pictor tic ton plocod on 	h4 stand Co on to 
prv'ido. Crvity floc of uctor fin it to tho comotzt to ,aoa 
tiro tcak6 

Constcnt torporoturo tcnh eoro,cto of to tciI o rno 
of crc1lordicxtor of 1 tad 31' doop c d tho othor of 
lcror diotor of 1' W °  cad 3'' doCp0 & ollor +no tin 
piocod in tho bi or ono z04 tho canuluo eien lnrml.citod nth 
2' * thict corh per (c 002o) tad folty co co to ointrtco 
tho hoot to go from thin tc7lh0 Goollor t ttt hc +a cictoP 
ccccity of 30 gollono 	4n tcn1 tio oleo providod ti2th  
ttit thouo.c.d acts hootor cad a tho i ootct in ardor to Dc231 
tom cctcut toror`&turo, ti ovor f ot1 p$po ti co olc pro 

aid In tho notimt toz oroturo tcuho  tho ovorwfloti from 
t iici tics co roulctod by scan of o ht d not up aoly#  that t 
tho lifloti Into tho teak o1Zmlo tho outf of This orrr. j 
Est p 	lod oonotcat toipor ro r oto' cüpply to tho on. 
+r cnCr,  c lthin a tolorc ico of + , 

11. ' 	 - Sho Pia rata 
f a tho o1chctor too flcintoinod conatait bocQoo this factor 
to c1c Sndopondcat of tho uIro tubo a000try$  Thio tars 

atCtCa by 	1ctine ncancUy tho inlot p ccaro by coma 
of a b coo vat.vo fi ttod botwocn tbi i.lot ,tad outlot of tho 
uctor pto 'ho tator gnu ucod, had thofollouinij apoctllerx. 
tcu 

t1 " 	s UcacoO 	oo'1t 
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C adty - 30 g.p. . 

Statjo head * 30 ft. of water 
Single phase rotor driven.. 

The water was applied at a +conetsot pressure mdi.  
catud by a eanoneter erected just before the inlet adx. 
inip. 

iii.  )t.ai e t „q:, ...,thr low Rat, e t W.taTs. Water flov 
rate w s nesured by weighing the water collected In the 
weighing tank after cortsi n interval of ties. The ai, r 

of weighing tank was selected so as to provide the call.+. 

tion for about two hours of continuous rune The tank was 
of 70 gel z c ppacity and vu kept on as Avery weighing 
as thine of 5 cvt capacity. 

sizing cops were dssiitad in in attempt to t*asurs the assn 

bulk temperature of water passing trough the cross ssctian. 

*l area o f the pipe. woaizingipgsssbownin fig. 7 
(61  lcog & I " Adis) were made of brass with +'1#i " inside 
bore. At the Inlet mixing was obtained by sudd*a nip stslon 
of liquid frau a disaster of 3/1 to i]/1', had at the 

outlet mixing is obtained by expaision of 1i ciid fros *" di a 
to 13/16'0  di& 

Mixing cups were connected to the heat exchanger Inlet 
ad outlet by two tubber bones,, inordnr to provide floxlbi-
lity !br tilting the beat exchanger In different position. 
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Ccilibrotion 9otup Sor millivolt Potcntior.. fior, 
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Cc1ib,ct1on 8otp fbr tlilijvolt PotcniocQto 
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Doth DidnC caps rnc2 bbo? ho0on tcro !c 1i' 2ncaleuct1 
by r boctoo ropo in ordop to rcrntrict cagy Iac! c o of hoot 
froc r2d.nc ctpo cod ozcncicoP inlet ad c it1ot. 

• c 	+ i P a A rcu ~•~ In the p ioctoP tc k 
2)O uolts hooter coilswere directly connected to' volts 
i•C* tOthO mod, roc nod o trot, na for tho cntiro period of 
the ran, in the conatcnt tororaturo tank the hooter coi] 
of 	0 ioiti .uoro kept in orloc iith a thoiztcu- cad 
then connected to the 22) volto ..C. r. also. i10 orct1o3 
provided the boetlr, of the ciotor in tho tc ik c  to the 
be ►o 	o t* 1 u ;v 	d 	'~.. op oP2i aI 

r ~-- 	tozorcturc rocdhcdp tho circuit to dicconnoctod cutout 
Gaily by the thorostct t reed lcço tea connected  bobs 
the off - an point of the thorcoetct CM tho bocto'D Cat 	LM 
tbct the bulb rocdnod off then the hoctor ticn o i tad it 
rra3 G1outT1g ,'acn the hoctor uco off# Thic indlectod tho 
prepor opolotiof of hoctor colic. 

ct 	 In the initiel per of tc 
V*Pk tho tote turoo toro record d by C [MD of thc cvci1 

C to T cSco (1roct rOc inC po$C2tiocotor, be iint tho $ocet 
count of .0O3 c. v. Tho pots tiertor Lcdlngc C'o'o ccl 

brctcd fbr tho docired rc o. 	o thozocougo 1cum OE' 
COppOL Od c OtOtcm tore plcccd on tho bubo curfcco to 

thcicrlo , tinctic o t oro placed a& t iroc in bott-x tho 

find cz t tra cV rcCo totem curfcce fio orc ;ara4 f Ice n8 o \\ 

to tube  in odor to find out cvorcTo CQC uiro tc orcturc0 
ill there junctioao toother uith n.lot cM cutlet to~oPo. 

31 
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/, 

tiro jtmetiona uoro cc actcd tug; by tetra ul the taolp 
of a colo+ or ctTitc. L or the firot fcu a uo ccgcod  

ton point tctporctni rocordor of ado othr Co. of 
U+ . 	ich bcd the cpociel £octuro of cdjuotcbio ,oso cad 

A 	the 	 viou otcnti cotoic ~lu~~eblr~ r ~o ~t~ ~~ ~St~►co o p ro 	s p 	c 
cathod uca mch tics c3nrn1Din, it r co decided to nco thin 
ten point tc crcturo rocor4or, Tho pocordor vex cc1ibrc 
tcd alth the pctiCt11cT to of coppor coi ctcnto thou. 
couple for tho roc$ d tor, croturo rcnCo ( ' to is 0!), 

', ou dh the occ irccc of c . u ~. nt vith the candor is 
comma arctivoly vory icee but it vC!) t oo4 cnout21 £'or to cecz 

rccq rottircd in this Cork i.e. Q ., 	P F 	0 ovo thc- 
tho eciibrctico cot up of the tccmorcturc+ 

vil. 	jig a 	- r the invoetiic of icrioy 

effect tto plyt-ood acct a of the of eo <3 n 3° r ,, 0 
UO3 picced an boti tho cidosof host o cacerg ciao cyoro 
clocod by cp cco o of voio1ae t?id ► co CO to vcvy ' 	cp ccinC; 
bottoc the t p3V od chcotn. 'moo uppor c ►d bottot cad.o 
occ1n opcn ibr the ncui'cl 	culctic3 of cir,. The OZC1GP 

nog ucc l:pt in vo icel pooltion bcttccn the tto pletoc. 
Ibir tocd cparc of 2 $ 3 0 4'0 C 50 uidth tore acod for 
c1WGinC the c c nc bott c' the plctoo. 

0 
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Fail proc.dur• of starting iid conducting the 
test explained slOn.gwith the pr~rc utioner7 
$SILSUTØS to be taken during the test: 

33 



1) Both the gyrator treks uoro cloQod end valves voro 

checked for proper operation. 'hen the tr ►ko tioro ftllod 
up to the mwdmm capacity. 

ii) Elo of ri cal. connections wore then oato1 lly checked 
Ed boaters in prehoater tcnk red conatcnt t®aparaturo tc k 
yore suit scrod an. 

iii) )ator in the prohostar tcak was ollotrod to roac"l 
nearly 18+x'°F of tarporataro, rh.ilo that in canstcnt totems 
tam tank was hooted till the rod pilot lau otortod loti2ng, 

iv) A check of the tacporatura of tr or in constant 
terporaturo tank iias aado by a rorcury4n gloat) than sr otor, 
Thin indicated the correct operation of tho stat ulthin 
the apocifiod range. 

v) Tamporaturo romrdor a au txccn chocked for the p roper 
operation. Ibr this all tortnclo of thorc000uploo mra 

tort Circuited and zero error of tho rocordort if toundo 
was removod by cooroc and fine €djustnnt Itnobc0 &&ao of 
the recorder tray ad3ustod according to raqiirod tacpor, turo 
ran go. 

4102  , 	. ROM All 

1) Tho byp ao a valve and ozch en go r inlet aootva s wore flly 
opened and then tho tator pu1p tres auttehod on. 

It) Tho inlet pressure +gas regulated by cos of byypoaa 
Volvo et l9 "of Hg, 

34 
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iii) The bcid setup volvo at tho inlet of conotcnt tom.. 
oraturo tc h woo Co regulated that the inflow into the cona, 
teat torporaturo trnk waa o, Zal to tho gyrator pui pod out of 
tho ttnk, TWO condition was cppt rzimatod rhon tho overflowr 
from the tank was inLniurn, 

.v) Tho ozchcngor, was sot in the docirod position* 
Th help of spirit lovol dao teka I'br keeping the oxohcngor 
o.noetly horizontal, . tn, ular "position woo than cdjuoted by 

!seeping the vertical cud horizontal ordinotoa such that divi.. 
uion of tho tuo Coordinates gave the value of ton t/ tihoro 
i€ roqiirod glo 4th the horizontal. 

v) thole test sot up tree left operating in this condi1. 

tion for about cn hour so that the steady ototo in surround. 
inga ,id iolo 	porctus is  roachod, Thio tree chochod by 
cr 	of a room thormmter sucpondod just near the toot Dot$. 
Up ttiich alao Indicated the room tomporaturo, 

vi) It ties fbund that fbr each position of the ozchcnoor 
the otoedy otato tree reached 4thin 16 to 2) minut000  after 
Filch the tomporoturae could be noted don. water f ots use 
CUD z000urod fbr this interval and then the position of 
oidacztgor vas chmaodt, 

vii) After the obovo precautions the toot Tun Ergs ofortod, 
to to oraturoo of tube aurfcoa troro taken by nine thprc. 

camploo cproad all over the orchcigor, The arithmetic mcm 
of thoCo torporaturo to conoidorod Co avorogo tube curfac3 
tozporcturo0  ' ho Junctions of thesnx,+ouploo troro mercury 



flash soled, cnd uero placed on tho tubo aurfaco by iinc 
Ina its one turn on tho tuba periphery at a croao»soction. 
Thin c ick1ng p for tape was tea* uaod to keep it in place. 
Tao error caused by this *ca assured to be no lig,blo, 

The avoraja gro tocparctura vas r co dotorminod by 
toUn tho arlthtatic seta► of readings of nine thor cuploa 
aprocd ,a .l over the azchcngor ci;rO somata, The junction 
vac plaaad In tho middle of the cet ment no Go to ;CVO the 
tcn tdro tanarature, Son of the Junctions ors plocod 

on the wires on one side of the exchr gor cd coo of then i 
on the other aide. 

Inlet rad outlet tarporaturoa were tckcn by thorc 

couploo placed in the mixing cups, 

36 
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"The eherecteristic curves plotted, the results 
discussed and the conclusions Ore m out of th 
obtetned resultst 
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nOE;. Xlovbj representation has 	gopted in 
the Characteristic Plotos 

Theoretied curve lbr iz•  So W, I rlta, 
—e— E~erimantal curve W12 5, J1 (. w1r~~ 

	

w..I.••Theoleticd curve for 	S,U, GN wires 

~.._~....._... _.Everimedd curie fors 601100, wire, 

	

. Theoretled curve for 	B. ,a, ulre, 
----+ 	eriienta1 curve for3) S,,G, wlie, 
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5.01 DISIOfl  

Both thcoroticeUy , d oxpor1cmUliy cotercn1ned  
vel toe of he hove becn plotted cgcinstfr4 bra cp ce1ng 
to 	 u the eho aeterictiec of the vivo zid tuba host 
of chc cor. 'rho roculto o'ht tnod may be intorp rotted to 

li+ tr 

1• 	The effect of 7cthfl is dcirntctrctod by tho curvoo 
of plot nos. 1., 2 3 &4. Tho curves In upper holf of 
thorn plotsshow the off 	of yrzdnhcn the rotction 
of the plcTIo of ox 	gor Is cbout a horionto1 tuba, od 
the 10t70? hail' thovn the effect of yci1ng hcn re ction 
Ia t t horihontol wires 

1. 	j pjit 1 . Tho ro lts from plots i.( a, 
Zs3, 3(r c d 4(o indicete far the a so of horizntc1 
tubes that t ox is about ) to 23$3 reduction of hoot 
trc!afor coefficient, by a chngo in poait#,on frog how 
zontal to vorti c iit, fbr di tfor it giro spacings. Th.tc 
pore too reduction is scc to be Inc using as tho ulro 
c ccing decreases. There to noarly ) porccnt reduction 
uith 20 rive opoaing, 2...5 per cGnt with 1 via s► 	G, 

0 par cent ulth ' tire cp ama rnd 33 per amt ui h 
tiro cpoeing 

ii. j JEga } XA, nt_~ s. Tho toculto from plots 1(b), Z(b) 
r~4 3(b) indicate for the case of hori onto1 uiros, that 
the porccntao reduction in hoot trcnrsf'or, by a chcigo in 

pocitio i fmn harizontol to vertical, is coc?orctivoly 

• 



1090 iei'ioai aid tc find a ra ro uniZorc chcngo in the 
valUc Of heat ti'rnsibr coefflaicnt for this aaao, Tho 

percGntogQ roduction soer a to docroase uith tho docroase 

in i4re pocin. Tho rcduetim aoetoa to tak I)1tico froril 
obout 16 porcont to 10 porc it; t ro cpocificz)11y' it is 
noarly 16 perccnt with 21' tiro cpccing, 116 po?ccit ith 
1'l iro cpcctng crud l2porccnt it€h " tiro p to g. D zo 
to proctiC01 di,ffualtto9 the data for fr"  uiro epacln 
to not iom. 

iii, 	b 2 	In both cases tie And thct the 
chcngo In, ha is rzro serious with in cortoin r Go o ' 

c1ia o in inclinction, thcn tho tuboc rocicdn borl=tr1 

the aio to CDro offoctioa' bottiocm 45 cnd 600  ;term e 
Fb r the case of tires roodnifl ( bort tal p?acticlly the 
eb ngo soons to bo offoctivo f oc tho oaritor otcoo that 

Is noarly 30 to 45, This may be probably duo to the fcct  
that the blo r.Zo of flat tith chc*rjc In inc].Inctjc to 
not to saws for tho case of horizontal, tuboa co It to 
for tho case of horizontal tires. 

P 	Iftoct of tiro ,cpacinia shotm in plat no. & for 
16 ac co tiro. Th value of h0 1a found to Increase with 
the docroazo in tiro cpcclng but c ci o In tho value of 
b0  docsoasos tit h the docro =o in tiro cpncInr This may 

be duo to the fact that as the tiro ap aeina docro csoci, the 
boundDry laver offocts on the cdJcoat tiro predsa aato 

r ra Cad Moro,, In no case the utro cpccing should be to ole- 

so that the boodrry layore of tho tto cdj cant tires t sy 

39 



into aoct occh other,, in d, eh case tict plate condition 
is odiov 

3. 	Effect of wire specing on Q is oho rn► in plot no*  6, 
r throe different ozchcpr positions* It Is cocn that 

hoot trcnsfor incre sos vith the docr000c In wire cpccing, 
In the horizonti position the Incrotoo in the hoEt tr io. 
for to fbund to increase ct n footer rote with the docrorco 
In elro epode g. iw the oxchcn or £pprocchos vertical pooio 
tion the rote of lncm000 in the hoot trciofor to co porz-
tivel7 logo, uith the cviro cpocina, 

4, 	thtTznoy off#ct to ohotn on the plot noo. 71  as  0 a 
20. ' o upper port Ct) ahouo effect hcn the tuboc gyro 
b pt 	onte1 end the lotor p 	(b thus the effect 
thci t fro c bozo kept hors giant d. Fron all the plots to 
cep s oiudo thct the voluo of he  Incxoccoc uith the pl6o 
a ecric. P rtiauorly for 12 cnd 16 3.U.0 tiro, plots 
7, fl C to indj ecto thot Ct 4 a picto opocing the hoot train 
for coffic .cnt to either mcdn or bo nd 4 0  opocinC 
the Incrom in the voino of ho is vor 	ttio ftc,t4. 
It is +eta to tho fast thot probcbi ► uith thin pinto op co 
Ina the convection duo to the cirnoy ection is coot offfoo• 
tivc4 

8,02  TI".Q a TICAL I .BTLR t p12JID 

hCrotiCtiUV the ic1uoa of ho Coro cicuittod vith 

the help of defining ogtetion (3). Toto1 convective coofl 

40 

+mete fop t,fte rnd tuboc both vero dotorolnod 3th the help 



9 

41 

of cozbining o tl.o'n (U). Convectivo coofficicnt5 zr 

t iron cud tuboo In difforcnt pacitiono sop crotoly uox'o 

dotorrinod i h the help of oqiationo (3,r*, (34, (44) 

sad (45)a, Rodtctivo coefficient won fbund nth tho ho r 

of eiucti+on (6) is rich the configurction fcctor for the 

•eicrigor is ooh unity. 

This assusrrtfion did not nffoct the results of oil 

since the vorit ion in the value of rtdit .Po coofficicit 
for the is irod tocporcturo rrigo utc ,mod to bo mom 

giblo, plch worm eniculatod ooporatelg for occh coca, 

Hugh the thooroticolly colculotod voluoo did not 

fully ogree with the oZOQPi cntci ra1uoc duo to tboorett. 

cc : id procticol diccrcp rncioo unccc untod :bra, o coed 
cttjrooccnt In Ibund to exist in tho v.criction of thcoroti. 

ecily cnd o o .r ntolly dotoreinod vt, uoc 

1 The uiro tnd tube hoot orthcjoi mo r be InCiInCi2 upto 

matt 45r utthcut cttuctind Its porfbr co cprocit l r 

t'icn the tubas reucin bothentol, 

% t cz a in tho hoot trrncfbr cooffie.ait is loot in tho 

ecco of horja rntol tiros thci that of hori., ntol tubooD  lbP 

the vortical position of the boat oza c igoro 

39 more to o ports .ar vivo opocing fbi port2calor die. 
rotor of viroD  fbi' uhici the boat trcncfor coofficic it is 



*jiaz, A farther decrease In wire spacing does not 

affectthe heat trmsfer coaffici it appreciably. 

4. For my wire spacing the bout trinetor is c s*L m 
fbr horizontal position, 

S. The cht *ey surrounding the ezch;iger is most atl e. 

five when the plate spacing is at a particular value, 

H4 2 
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Total arca of tuba a. 

TOM] croa off` t ro . A ` 

	

i 	D1 ter of hypothotjta Cyllndor fr 
D" 

 
Picxotor of tire. 

	

D, 	haractorLntia di ccnotor. 

	

U 	OvorcU heat trc isibr cooff „accut for ?ho 

I roo of the arp000d aurtaa 	,A. .},C-. 
0 	?or,orcturo ditfoa ca bott ocn 9naldo 1ucL 

aid outcldo fluid,, 

Convaativo hoot traafar caaffjcicnt it Inoido tube aurfaco. 	i• ~,i~ f; Z 

	

a 	C fVQCtiVe heat trcnafor coefficient fbi watoida 
- _ 	

tuba nurtica. 	z.0 	' P 
hr 	Rc ativo hoot 	cooffidcut fbr orator 

£311 ?t0000 	(' T V f 
	t 

Tuba tYal . thermal conductivity, ( .it / , 

	

'd 	MutO#do MUus of tubo 

	

x , 	Inoido tuba rediuc, 

L 	Tuba lcn ath. 

	

Air 	OutOWda me ore convection hoot trcuifor 

Inoido tuba oroc, - -fA- 
n 	Velocity  

1.uid daioity "~'-4 / (— . 
VIDOODity of fluid,, k ! 
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Cp 
ThOrd conductivity of 

8pocifj.o heat of fluid.  

fluids  

Rm ,as.v ,ty of outor aurEnao, 
Univorsol goo conatcnts  

x !I sc fiou rate of ietor. 
Pin

r~~i.ers. 

Offooti onoes. 

R)6un tluaoolt number bocod on' n 
fled Iluaaolt numbor buood on 4 
Gr, Gr  hot nuabor bcood on u 

Ord Gre ho f nuc ber b zod on d 
rte Rc9Suo of nitro. 	ft 
U Velocity oaiponcnt in 	z 	dirootion, 

velocity cow 0nont in 	y 	dirotian. 
Cowordin ote .co ezurin g lon gitudin ai oia. 
Thermal ditfaoivity.  . 1/,C 	fc %~ 

Cooffloicnt of thorzacl o, oai u 
a Accolopotjo 	duo to gravity.  
t ► Ia1z torporaturo. 
tom, t~ubicnt tot poroturo 
t atatio for eroturo. 

TUC 11ot3 uriro tatporeturc3 (ovorogo) , 
Tto £vorogo tube aurfeco tozrporoturo, 

I'nglo ncdo ttith vertical p1tno. 
1nglo aado with hors ont 	, p1cno. 
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P rmdt1 number.  

Heat trcncfbi per unit cro 

qR 	Rcdiativo heat trOafor rata, ' E  

(a 	Total, heat trtna or 	f T. 

4r 	Grathof number b000d on a for flat p .cito. fp 
Ord, an Groshof nuEber boaod on d for cylindor, 

Hugo 	fuaoolt numtor bcsod on z for flat pl too  
flud90yl f•ue colt nucbor board on d for cylia cre, 

Djctotor of tUba8(outsldo). fC- 

all 	COMM to cntre tiro ap aclne.  
ST 	Centro to ontra tuba op ao ,n,a„ 

Plato cpoclnC (In c000 of chfiioy offoct). £,, 
1n circuoforcnc 	; t 

ho 

 

Overall hoot trcnafor c3officiont(c bat fl,), 
T , 	Iniot miidn.cup $or,porttt1dro 
TQ 	Outlot M=Lne.cup toporoturo 
Ta• Surfaco tO! oraturo, 
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a c thod nod for ct1x1tting tho corotie , cnd 
oothcntt v ,uoc of ha hto boon eon bolo r lbr a p i. 
for TM, 

Obzorvctjon cheet no. 1 
Run no 	rtbon rornotning .orl=tcl 
H.? 	for 	 = 12 S.1!. c. (JO41'4) 

ro cc g(tetra to contro) a 
Th cg.o  

Lvora^a tubo curfceo for or ituro = 12.8°? 

tvorrp cxc viro tczporoturo 	= 3. 1350 p 

1btcnt tororcturo 	a 8 0P 
blot tc porcura 	 a 
Outict for oi'ctu ro 	 = JL5~►. a` v 

o •r o 	 = iS? lbCAV, 

conrocttvo cooftielcnt I.c dotartiinod by tho ocp; Loo 
11). 8inoo in Chia ecco tuboc ro cin hori%ntg card in.1 

clination of tiiroc is chcigodv o tion (Me) u.li be ucod 
t &tortino bcs • (,o ,o„ 	ton (46) fbr dotorcinln,g b , bocn. 
to it Is clXccb10 upto 450 of 3TCr t g].c. 
livrltrtic"a of ht$,. 

Vo ca t t to por t?a too  

X 1O l  

! ~; Y `fit : f.  



I 

49 

N 2L 

9L '4_ 	ti 

2 

 -I-- 5 -- 	cam' t 
I L 71  

"" 	 'T U /11;t {t2 OF 

Ev stl oaf ,.m 
f    

5082o 



± 	
( L... 	• 	

) 

C 	
C 

2 

- 	\L'¼ \•i. 

"I ---- 

LLk 4 	
- 

>1±?+ 2oL\x: L 

-i-- 3L) 

- 	(3T / 	-; u 
hr -T LF 



te 

cck J ,\JçCL2 

TS  

4- 
- 

t7LkX 	( S q) 
	

7 

(tt ;7 - 	4-t) 

kCL 	( 4 

i S721-H7? 
4 0 t- 

J JLCLL..' 	a 
41 9 4Ac 

- 	2 t 

51 

7 



52 

	

3. 	'Itt o11, 4, u. a 1mtoth, W., .;,R3Mgor1atjn a En gtnoo'ng, 
V. 65, p,33 T1orch 196?;r nt crc tho boat brcnc1b 
chtarootoricties of tore end tuba condonoor 

tze11, 0. ti, & Ebntctn, L.E.; Rofrigorot1n,a fag1ncor+ 
ing, V. 66, p„41, bopt. 198'; '"Dooion of ttiro aid 
tub* condcnoora ; 

3. Cyphora, J. t. , Coax, R. t. 	ovixc, 1 . V.; 1 }1R 
Jou not, NOY 3.4591 '3oct trmsfor ehoroctc jotjco or 
wire aid tubQ hoot oxohcCor" 

4. I-Itsoll, 0. 1!. ~ Ibnto ny U.1, a P cnokt, 0 J.; 	z6 u 
Jou; c1, Juno 1959; Convoctivo floe ovoluctod f?r 
wire 0 tube heat oxchcngoro . 

	

6. 	Lcngt4r, 1. Physi cal Roviow, V.34 po 0010 l912 
"Convection tnd Conduction of hoot in g000 

	

6, 	G. tit Qow ti tth. floch., V. 130 p.387.380, 193.,. 

	

79. 	Jodlbrior, 14; bbroth. Obioto Irgociourtr. 

8. Rice, C. U. g Traio. l B~, Vol. 420 l9; "loo and 
fbr recd convection of ho Gt in Gonoo £ li g4Ado o 

9. c'"rotp L.TI. Ci Orof3g, J.L ; raio. a9.tto&, Vol 	, 
Pov. 2963; ''tolnor troo convection hoot trcncfbr 
fznn outer curtoce of c vortical circular cy11ndor 7̀o 

10. Ecxrcrto E. G. A Drct o; 'Introduction to hoot trci ob , 
pub* fcOrc s Rill, 



53 

IL 	Schlichting, 1.; '3oun.dory 10 ror theory Of  NeGrctr Hill 
publication, Dow Thrk. 

]2. K a, t!* t1, b London, AL.; MCorpact hoot OnChmaor0 
U otio i Press (1956), 

13. Rich, Bo B.; Trac. A.5.U1«h. A  vol. 769  p. 090  1953; 
"tan invooti,6ation of hoot trinsfbr from rn inclinod 
plate In free convection 

14, 	Tritton, Q.J.; Jouamo l of fluid t1ochtnicca  Vol, 16, 3 
pa 43  July, 1963; " raoient to turbulcnco in 1.roo 
convection .boundary layer on inclined hootod picto q,, 

16. 	C+oiiicøtt, H.b., bntt ,' 	6 tit. o11 Olt.; 	J fl 
Joun4o  Docombc r 	3; ' 'Bcdl stion cud fjio convoctic 
hoot t rni 1br from vivo tmd tuba heat ozchc rc 



RLCORD 

541 



55 

Thbo dL ter ( aido) 	: 3/4 " 

?ubo di for (outside)  

'bubo i p oci t (Ccnt?o to ecnt ) 	2° 

Tout, tuba lcn h 	 4L sn4l 

Totcj. tuba ourfaco Esc (i) 	3.86 ogfe. 

Ovor ...0 1c ath of fro ct o nch to z= 0 

Ovorc.l width of hott ozcha or c 2 " 

Ui air Ion gth 	 = " 

• w+ t v 	WA 	.M 	a_ w 	_ .r - i . 	J 	•~+ 	 g 	 j 

e I?C!• 	Dot all Ct 	1-11 R L DI A I1 L T 1 f 
,2 L3.t!!O. 	13 asI5 	M 3OL*t* 

l 

	

11ZO CpCC121G 	an 1° j° 	2° 1° ° ~ 	0 

a 17o, of viro 	12 23 4$ so 12 3 40 Gib 	4 co 
pairo. 

30 Tot cl no0 oS 23 0 M 178 M fi3 00 179 C3 CO 170 
trims. 
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