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ARBIIBACH

The present work was teken up to investigste
aeinly the effect of wire mnd tube geometry of hest
exchanger on trensfer of host whén 1t 4s placed at
different ngular positions, The problem has been
malysed theoreticslly and exporimentally. The
‘effoct of chimey sction has glso been studied side
by side,by confining the exchmger between two ver-
tical plstes, Within limits the theoretical md
experinentsl results obtained ggree to 2 good extent.
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CHaRIER 3
INIRODUCTION

* With s brief introduction the present work
hes been explained fully eand the work done
by the previous investigstors has been sum-
marized %,

—
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LIAIRODPUCXI AN

Ingincoro are continuing to carry-out oxtcnsive

" rogoorchos for meldng rofinomcnts end explorations, Wire
rad fubo hoot oxchingor 48 ono of tho regults of such
‘rogoorehos boing corricd out for producing en ocononie cnd
offoctivo host oxchenger for dousstic rofrigorction unito,
Booicoo pimplieity, the viro tnd tubo geomotry rcndors
corpretnoss, low produetion cont, osse of menufoeture nd
ligatanoose Thoso are tho nein sttroctions vhieh divort the

cttention of enginoers tovards tho investigstion of the hoct
trenofor charecteristies of such & geomotry,

tho theory névolwd in conduction tnd convection of
hoot £yon the wiveo is boged upon tho Lengruir Theory of
hoot eonfuction. A fully oatisfoctory oxprosgion for the
proccas of hewt trensfer from a wire emd tube hoot oxchongos .
ern not bo given duo to its eonstructioncl complorxdty, Even
then the hest trensfor oguctions booed on tho nacossory
cogurptions hove boen worked out by miny workors of thig
fiolds In ordor to simplify tho malyois tho vhole oxchengor
is uouclly eonsidored to contoin o nurbor of unito coch coo-
prlniba of o pinglo tube md two wiros gttoched to 1t eroooe

vico on Cvo dicrotrieclly oppooito points.

aho proocat vork hao bocn corricd out in ordor to find
out tho choraetoriotics of tho oxchcagor for ite off horizone
tol pooitions (1.0, difforeat yev cagles). Bostdos thig tho
offocts of vire spacing mnd viro diceotor hoo oloo bocn



ctudiod, lNocossary noousptions have bocn modo in ordor
to oirplify the problom ¢o the noor satisfsetion, thilo
dotormining tho offoct of yrwod positions, the hoot oxe
chenger hes been tilted fron horizontel to vorticsl pool.
tionce In onc caso wireo ore kept horizontel whilo in tho
othor cose tubon are kept horigzontol,

Though the vork on the nctural eonvoetion from tubop
cnd viros hes boen ‘conductod for loot fifty yeors or 80,
but it tmre lete 19605 vhen fow of tho rogoarch cnginoors
of UsBs v otaorted work particularly for thin confipgurotion
of hort oxchengor, Irom the litornture avd‘lcblo it ooono
thet 1In, OoUe Uitgell, end 1.G. Rntein) foroulrtod for tho
first tizmo in Merch 1967, tho hoct trensfor oquotiono for
viro cnd tube goorotry, Lotor, aftor conducting tho tostso,
in Gcpte 1067 thoy ouggested tho following omporiecl cquo.
tion for tho dosipgn of heoot oxchcn'aor.

' = 0,473 qgr 02216

Howovor, thoy did not bothor cbout tho offoet of off
horizanteal positions of the hoot oxchengor, vhich obviously
goc $o boor cors rolstion vith tho offoctivencos of tho
hoot onchcngor beecupo tho trenafor of hodt tolton ploco by

£r00 canvoction only.

fpporently onybody would guoos thot host tronofor will
bo oot offoctivo in tho horizontol position of tho orchengor
olnco tho convoction currents will bo loast intoroctcd with
occh othor for ooch poir of viro & tubs, But horitontal



plocing of tho host oxechenger 45 found to bo moro £poco
conouming in root of the cpplicotions, md it 4o aloo poosiblo
that dopending upon the dosign, such a lorge froo horizontal
spoco mey not bo ovedloble, lMorceover 4t &5 clvoys dooircblo
to ploce tho oxchenger outsido tho ram gorotion unit vhoere
the freo convootion muy bo more offoctivoy obviously tho
hordzontol position of tho exchenger will inerease tho floor
tpace required by the unit,

A1l thoso dror boeks orphosizo tho nood of invogtie
goling tho offoet of off horizontol pooition in vhieh tho
hect oxchenger ctn bo ceoily plecod dn tho evedleblo freo
8poeds  With thic viou point, Cyphors, Coss & Somors® conduc-
tod the work for off horigontel positions end in 108 thoy
publiched their rooults, Lotor on in Juno 1889, witzol,
Rntain & Pwmok introduced tho coneopt of Avorogo l"uncaie
& Orashof mmber for tho entiro hocet onchengor with tho holp
of mnruetoﬂsuc di enotor dofined by tho nvora\,o hoot ¢troics
for cocfﬁcicnta

Problen of evoluocting tho avoroge hoot trencfor ow
cfficicnt hoo baca colvod by ovalugting cooffieicats for
tuboo nd viros ocporatoly, cnd then dotormining tho convoo-
tivo coofficicnt for tho vholo hoot ozehcagor dofinod by
oquotion il

In cddition the rodictivo hoot trousfor ecoofficicnt
hoo beon ovelusted by the holp of oquotion 6, sinco tho



provious investipgetors found thot the hect tremsferrod by
rediotion forno o oimificont poart of totol hoaot teonofor,
Fron the litorcturo ovellablo 4t has boen found thot mich
of tho work hoo docn carriod out for horizontol end verticcl

exlindorg 91 100 11 but the fleld of ycwod pooition of
eylindorg or plcto wao plroot untouchod before 19503,

During 10508 wo £ind only the vork of BuBe Rlch end thet
too for tho inclined flot plste. Letor Tritton in July 1083
givon ocom conecpt for tho golution of boundery loyor oiew
tions for inclinod flot plato. But otill problom of inelin.
od eylindor romcins unemploited, In tho prosent work, tho
colution of boundery loyor oquations for inelined flict plote
hes toen oxplaoined ond tho somoe hes boen oxtended for epplie
cobion to inclincd eylindors,

It ves elco conpidored cdvisoble to study the chirnoy
offcel by eonfining the oxchengor in o duct medo of tuo
plcico in vorticel position, It might affeet tho hoot trenge
for coofficiont ninco tho convoction current will bo alded |
Guo o tho density difforence botwoca outsido md innido cir .

eslvrn,

Only omporicentol studios of the rbovo mentionod phenow
gena Deve boon nefo in thio vork, Thooroticsl troctoont 4o
comnliectod duo to tho situotion posod by tho proscneo of
cozbinod froo cad foreed convoction of vory lov roynold
nucCrss



Recently Collicott H.E., Pntoin & witzell heve
preoentod the offect on redigtion md free convection hegt
trcagfer fyom wire md tube ?mah exchengars. Thelr work
arphicaized the radietion chaeracteristics slong with the
eanvaction cheractoristics. -



CHAPIER 2
BEAT FLOW IN WIRE & TUBE HEAT BACH/EGER

¥ Mechenisn of heet flow throngh the hegt
exchmpeer axﬁlaﬂ.ned; md convective c¢o-
officients for different positions of the
oylinder malysed for determinetion of hg"
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Ag tho namo indiestos tho ﬁim tmd tuba heoat exchengor
conoists of numder of 'éubeu vhore ends gro Joined in sueéh a
voy thet thoy form ono leng tube in surpentine shepo, vith
viros vwolded crosovine to tubo longth on both gldos of tubog
Thougn the sbovo eonecption indicates the sioplicity of tho
thepe mnd its menufacturo on lorgo sealo, but 4t 4p vory
‘@iffieult to develop tn oxprossion which could sotiofy nll
tho physiccl conditions rad give the offoctivencos of tho
it by the uso of the conecpt of avorego hoot treofor
cooffieient cpplicablo to unit oo o vholo, By physicol cone
ditions wo moen thet in cetuel proctico the vires oro cpote
volded on tho diomoteicclly oppooito points of tho eross
goction of tho tube, 8o getuslly tho vire eomos tengenticlly
cutvord fronm the tubo soction oo chown in tho dlogrem belows

| S T T T

C o e T o e - ey

Lotor vt Loing
FIG 3
Pr this sltuction of wiro tnd tudo it 4o rother Aiffie

cult to obtodn m oxact omprossion for tho &losipction of
hoct md tho offoetivenoss of tho gooratry, Though g coco
of tho vire projocting rcdially outvards o oirplor cnd tho
cffoctivenoss of tho georotry e cleo bo prodictod in com.
poeretivoly oopsior vay.



The problom moy b doglt in two wnyd, In tho first
vay vo cen considor tho wiro projocted from tho tubs to
helf woy botwoen tvo cdjecent tubos, just like the pin fing
- vith tip tompoercturo eovouhct othor then stoosphoric tops
perctures Tho second voy is to considor tho wire oxtending
frop ono tubo to othor cdceent tubo vhich may bo nspurod
Yo bo ot tho somd tomporsture md dissipsting hoct to tho
surrounding oir. In both cosos the problem will bo eltorod
vhcen either tho tubos ore mede vertical or tho wiros medo

vorticol or chuaped to o position othor them howrizontol,

It 15 quite cyporent thot the effoctivenoos chould
bo moximum whon the exchenpor 4o in horizontcl pooition,
oines no interforcnes of hoat currants will take ploeo,
vhile in eoso of off-horizontol pocitions, tho hot olpr pice
ing from a lover tubo or wire will intorforo raro md go
vith tho uppor tubds & wiros, os the mplo inercoaog, ine
tum tho offoetivenoss will go dowun,

%02 [BCHMIIGH OF HEAT [LOW

Tho boot pproech of tockling tho prodlon 4g to dAiffom
caticto tho vholo heot oxchengor imto o nuchor of georatri-
erlly oicilcr componento esanioting of eno tubo @d cac erogs
viro cpot wolded oa it md than conoidoring coch corpoacnt
ocperately.  Rr ouch o cochenisn, hoot flovs froa inoido
1liquid to outsido cir in tho folloving voyme

i, Hoct 13 trcnoforpcd by convoetion fron tho &naids
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hot fluid to tho ingido wall of tho tubo,

ii, Hoat then flovs from inside to outsido surfoeo of 2
tho tubes by conduction, /
114, Hoat disoipetion from inoido to tho outsido ofr
toltes pleeo by two mochenioms,
(o) Noturol convection of hect from the outsido

surface of tho tubo un'n.

(b) Uctural convoction from wire curfocos vhich

\
CN
ore conducting hoot ouay from ¢ho tubo woll. |
iv. Heat 15 trensforrod by rcdistion £rom Gubo md vire
surfocon,

_ {org. ] fnodse 1f tho flov condie
tion inoido tho tukd 4o conoidorod to romein cometent, thcn\
tho resistemeo to hoat flow by difforent woys will bo conge

tant. Totol hoot rosistenco may bo dovidod into threo diffore
cnt vooistrncoss |

i. Insido tubo resistcnce s Ry
14, Tubo vell roctstmes = Ry
11, Outoido tubo rosistencs = R,

Outoido curfoeo rosiotmeo cen Bo furthor cubdividod
into tvo ports oporpting in porcllols

i. Convoetive hoat rosistenco fron tho outor curfecos Ra

11, Redfotive hoot resistence from cll outpido . SRy
ourfoeos

Ry =
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Combining all the resistmces we get total resistance
Reots -

‘th :RL“}Q* +;W"’m: (l)

2 svnesy

If U ® Qvorgll hert trjnafar coefficiant for che'

heat oxchmger,
Then the totaol heat dissipstion
q,tah: AQ=Use
{
yhere UA = ==
Riet

, 8
WA %tat T Y (a

Ltast t’.ﬂ A‘”h;» ' 2hn L'ht {Aﬁ }‘SL""A\]"\?)
hoot D,ZME G Uis equection Aatings aven ol sulsde
Q. Uanten, G flecuat de, -
;"0»!3 - R.f_i\_&_ + Ay h'Y .

Ipside Hegt Irmafer Coefficients- (hy) This cen be deter-

rined by tho well established oquations
£, 03

(%)

\ G’
Nu = % = 0'023{R¢)

:.0.0.0. (4)

nedietive Hogt Trmafex Coefficientis~ (hy) The rediative
coafficient cen also bo detormined by defining it by the




folloving oguations
Yy = hy Ay B

sy (5}
vhorons in oetucl 4 “
- T " oA
W\r ~Z S A& (Tﬁuﬂ‘uc i}LM‘\")«.Mt)’
2 .3,
1'\1' - g fi( Ts '*Tﬁ’/ (.TS*TQ/ ©)

Rotnd Hoot Trmnfor Ratote (&) The totol hoot trcaofor fron
tho oxchengor cca bo dotormined by moosuring tho flov rato

of 1iquid end inlot cnd outlot torporcturc of tho limid,
Tug

& = M Cb (Ti --'"3'0)

veen (7

fov in finding by tho eonveetivo outsido coeffieicat
vo ohall considor thet tho totcl host dn dissipatod by wiros
cnd tubop scporately. Thug

otal = Garo * Gubo

- {’\tot At@‘t_’, et orew (8)

Slnco neot B % A AU (L XX R (9)

-" "\tct (ﬁw+ﬂ’t} et‘: h.u“) Atﬂ'et "L+ htat %t gooy (10)
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h = Aw hyo "l + At htw__‘ |
Thus "¢ (At + ﬁ“}») | oso (11)

In tho oquetion No» 10, hent 4o nothing but hy for

tho hoct onchanger md Mgop 10 A,y for tho oxchengor.
Thus hc Ac o ht! Au*l 4 hg Ag ) tau(mﬁ}
ﬂhoro"’l 19 dofinod by |

1\‘ tCm“xWL
MW . "o (13)

]
l w o= 14 he,

W——

YR Do
 Hn offieicney of wiro cen bo rocdily ontinctod
fron tho obovo formuleo, with sufficient occurceys Rv
£oot of tho wire confimurotions it 1op botwoen .80 nd
« 00,

Hoet temmsfor cooffielent hy for tubes vill nov bo
cveluoted £6¥ vorticol, horizentol nd yowed pocitions of
the eylindor, from varioup formulotions for freo convoction.
Loch enso will do conpidored ocporotely in dotetlo,

tho twootoeat of Delort ond Dreko‘ﬁ o ogaotion for tho
oveluction of hy for horizontel eylindor vill bo dovolopods
Tho boundory loyor oquotion for thig prodlon woro colvod
by R Losnean®, tho colution of thich ogrood with oxporde
csatol wocults of Jodlbcuos? Burnory of tho ropulfs mcndero
thot tho ovorano hoot trencfor eoofficlent on circulop tubd
vith @icotory 4 hoo the oomo veluo of h oo vith the

011 with %5 4 hoigat, Hormean'o ecleulcotiono

[
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oro beecd on the gosucption that tho boundery loyor thici-
noss 1g nogligidle o5 eorperod to tho dlemoter of the cylin-
dor vhich ip not true for tho cese of vory thin wires, In
ordor {o cceount for this cleo wo sholl toko tho holp of tho
thesry of hogt conduction :ln. Conog doveloped by Irving Lengs
muir® ead letor token up by RMecd Tho sunnery of vhich 4o

given in tho following parcgrcphs,

1rving' 0 Theorys- The fluld in tho icmodioto viecinity of tho
hoyizontal viro nointeinod ot o conotent torqaoéaium, goto
hocted md risos up vhilo 46 S0 rcplecod by tho coolor fluld
of grockor deneity. Tho difforenco in denoity cenoses tho
eonvoetion current to sot up. A filo of tho fluid remaino
ptotioncry ot the surfoeo of the vire due to viscous offoct.
The vclaéiﬁy of the convoction currents increcses as we row
gaoy £yon the filn until the eriticsl woloedty io roochod

ma tho flov ot thio point cuddenly chemgos to turbulcnt flous
thoso tho diccontinuity botvoen the stresnlino emd turbulent
eotion tohos ploco, the outor boundory of the film is dovolop~
od, T torpopsturc ot tho innor boundory is ogicl o tho
gurfeeo tomporoturs of tho wiro vhileo thet ot tho outer it

4o ogacl to cobient tomporaturoc.

Loagoydr sicplifiod thic cocplon problon of convoebicn
ints o picplo conduction probloo by cocuning thet outor bounds
ory of zolotivoly otosnent filo wes o eylindop conecatrie
vith tho viro md it heo o Gofinito diccotor.
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tith this concopt of the Lengmuir Thcory md tcking
Ty o8 the redius of vire, ty a5 vire tomercture mé 4l= 21y
diemotor of viro then by dofinition, wo rot

;’{;\z‘ - ;(? _\_‘,{, - . i \:r' Lo L ‘»} ‘sesa (m)

Mo fron tho oquction of hest conduction for hollew
eylindorss

B i b :‘k Q“'E ;/'
L,\' - i n‘!’:;t,. -‘{—(‘)‘—* T IUOOO(I@}
Md e L
ta--ua(lﬁ)
& Al Ny = h oL
' ) veea{10)
Subgtituting fron ogiction(15)
Mui\ = l/&ﬁ’tj -\f‘—é‘; LYYYR ) (1?)
| YLJ’
i r"ﬁ- Py = b =2'Thiclmess of the f£iln
Then 2 = .bw"ty‘”'
YLU' Yo
- Loy 2b
| = (v, )=+ 2D -
{ = R IIITIR ® )
Nu k= L/Lm;‘ (1+2 L‘/{,L) *

DT vortiecl hodiod plotos Lelort @@ Deco! ng
cugsosted tho uoo of folloving equotion for cir vith ,

Pr 2,714 ad for gnnll torporcture difforcnens

, \
NL\I = (0378 <Gﬂr'.‘i>/q L YTY (19)
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8o by chenging to ovorago hoot tronsfer cvofficient
md substituting z = 2,84 for horizontal eylindor.

Ni‘ MD QW(CJY&) eanse ()

Br smell voluos of b/d, the oxpression Yod(l + Z2/Q)
is gproxinctoly oqual to 2/6 md thereforo

Ny = C!L/
“d b veos (21)

b R (22)
Introdueing it into ocquotion(18) wo robs

-~

Nu, — =
T ST e e (@
-y
, — s v
CY N‘M:}\ l ) 5 “some (mﬂ)

This oquetion will bo uscful in ovalucting hy,tho
hoot trmsofer eoofficient for horlzontal eylindoro.

i1,

tanlysio of this pmblom ves oedo by Sporrov and 090339. oy
obtoinod the romult by colution of tho difforcntisl oqagtionsg
of tho lcaincer boundory leyor, In cdditien o caclyods beocd
on puro conducéion through o oqivcleat ostomat leyor of
fluid ves dloo mcdo, . |

- .%o physierl siturtSon of tho problon g chown in tho
fige 2., Thoro vill bo ogtedbliched m upvoerd grevity forco
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i FIG -2

FREE CONVECTION FROM VERTICAL CYLINDER
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duc to tho donsity difforonco betuoen tho fluids just

nesr the vizeinity of the cylindricel woll vhich s &t
hifhor tormperoturo md lover density, ¢nd tho fluid for

ewey fron tho vell vhich 45 ot lov terporsturs ond highor
density. Tho rogion vhore tho upunrd flov prinorily oecays
is called volocity boundory loyor, md sirdlorsly thormel
boundery layor 1s tho roglon of speeo whoro tho tomporge
ture dovirtoo morkodly from the tomporcturo ¢ infinity, ¢ <o,
In generol volocity boundary loyor ond thorcel doundory
layor hove difforent thieclmosnos, relotive comitudo depcade
ing upon fluid proportios, Tho thicimogn of both the bounds
ery loyors noy bo nssured to be zero ot tho locding odpe

(z = Q).

Tho oquction oxpressing consorvotion of nass, COCChe
tun md cnorpgy for leminer froo convoction in boundory lo-yor
on tht: verticnl cylindor will bo rogpoctivoly oo followss

o\lryw) 2(rv) _
> > =0

oves (£3)
u,‘?-“i +\ri’,§. =9 B(t-tw)

+E2 () L

\t 3L . o >
+\5 - 2 9 t
Bvc_ Y Yy 3Y ( BY)

eooou(m)

ho folloving cosurptiono for fros esavogtion aro
Bedo whilo solving tho chovo oquotionss

i, The dmsity hes been tekon oo ¢ vericblo only



in formlating tho buoyemey torm a/o(t - tg). ALl othor
fluid proporties aro token to Yo constent.

ii. Vigeous dignipotion end tho work sgeinst grovity
koo been noglectod,

Sperrov ed Greu% hovo obtednod tho rosults in infinito

gories form end dovoloped tho omprogoion for Nuooolt nunhop
in the following way,

Mnglysis 1s bosed on Lengmudr Thoory of eonducting
loyory in uﬁich the froe conveetion hout trenofor problon
1o roplaced by o pure conduction problom in eylindriecl
cnulus of stognent flufd over o longth of the eylindor
from x =0 to x 5 x, The tomporgture differenco neross tho
condueting leyor 1o (tye tde Ovorell host flow through
ouch n eondueting mnulus will bo

{,C"ﬁ Yoo +b) sseew (27’
Tw
N hx -
Yy, = TF
) ke Y Yo +b
Wy Lb‘"is ‘:‘rw, ) kno (8)

vhon b/%, <<1. » then log (Pt by winy Cop PO oeh

Ve, | | : y
w ., -1-:- ﬁ?.’;..x_f(g :"{:’: ‘.\lu.x"b
N ')"/f'cu.’
R (C?(t_t.‘“x./m- )
Nu_%”—_p avo0 (&)

Horo Muy 4o Duooolt numbor besed on x, IS eon bo
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vofueod to oxprossion bosed on dicmotor d of tho eylindor
conpddoring 2 = L = Longth of the cyimdor.' Thug

Nu, = hd o = hi W
R R b esee (30)
1<L~/c:t
NHCL/Q\N —
&m‘(;+ 2L /d.
d N
Rr Py @ 0.72 Bporrov end Orogg gove tho voluo of
Hugy gy, 08 -
NL\.-L}‘P L\757 CI Y?L
\
= 5 G-Y'.\Li/q - )
-5 {. yia(te— "»0)1—3} “
. - } & ' 2
' Vo Uvh
=5 z%fi(tw—-’tm)c\ %L*(c.\)
V2 '
| L 2, ‘
= ‘g 4 (L ce = ={31)
Gr,* (""JI)
Subgtituting in ogation (30) wo get
NUO\' = - - ‘ c-e = {32)
ANG
LE%‘ Ll "("“L"(G‘ld. -:) HJ&

This oquction vwill bo cppliechlo for vorticel posxtion
0f tubos g viros.
) n.io&-i-',’ v“ mr menr me

¢xavoction fyon yeved cynndnr, vorpgge Hussolt nuebor may
B0 prodicted by extonding the solutions for horizental g
vortiecl eylindors, cnd tho host trenofor Foto fren tho
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gurfoeo mey bo dotermined by solution of tho oquetions of

congervotion of mess, momontum & cnorgy.

1f theso oquetions oro compored with tho corrogcpending
equation for tho horizontel plate, thoy coom to b identiecl
oxeopt thet tho oquetion of concorvetion of momcntum s heve
ing o torn reprogenting Moymt forco, vhich 4p multipliod
by cosino of tho yew engle, Thug tho solution of horizontsl
| cylinder ecn bo oxtendod so oo to obtain tho colution for
y»é:&req cylindor vithin cortoin limito, Onco-ogoin conecpt of
tho aiagnmt layor enplyois of Lengrulr rodifiod by Bokors
cen be used for finding out the colution.

. LR Lokque, sfho ogictions of
congorvetion of mess momentun cd cnorgy for dnclincd pleto
vill bos

c - (33)

‘«.L%-&- DLL V"m"+(j m(#ﬁ)(t. tgg) : )

QU - Aon P 3 (t “‘t"'““’)“—(’w“)
uax .»/ “’Vayﬁ'% 9
A
28 26 _ o 276 -~ -(35)
e TVsy T ayE

Stneo v & , oguation (340) moy o ommittod.

Boundory conditions oro e |
Ve O = W =U=70 . L= b >y
y«:C}{) v W:UDGZCJ : )L"ltf’)o
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FREE CONVECTION FROM \NCL&!_E.E FLAT PLATE
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E. Pohlheusen hes suggested the introduction of [}

new strezm function Y for solution of flow eqietion, so

2 |
that = 3;%:' od V:*% » then the resviting

perticl differentisl equetion for ' are reduced to en
ordinsry differential equation by siilerity transformation.
*}»l: Yl (L~-tx) Z“{ y
4yt by ] o
V= o4y {“ 9 C,mqi( C- too)]’:j_ xs/“f (Yl) - (37)
= Hd YT te R

iy ”‘.w(p(t“txﬂ]# = C

———

Py /\’L: C _’E-;;’ , \.P = 4y C },:3/4 £

VAL tﬁ} C/JLW\’ tﬁ/\aﬁ’”"b-‘ '&U"'\‘Q e

L 3 y
w o= 2% _ 2 }A\VC XA §<CE>‘)
=55 =L |

2 e I
o Weogyce xPED : ()

G A

v

ti

Y
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Substituting these values in equstion (34), we get
the folloving differentiel equetions

- “,/ , a - _i« ,ri i l "- - ?,
X 3 Lo 2__ - ] - b 7 ] A (4
“4 ¥ LT XS4 B R s} A NP SN T Y gl VIS

' i

Y o oy A, T
+ Yo x C‘i‘”‘“\ —e yAV et L
‘ 3 XA )
-~ T
=Y T G R L
- —
‘L-'/J.'\ ‘)
+ 4 L:’S([)(tw-t,(,) o
{ o«
oY <! : J Pl fl

t !

1 y o “ - a Y . X
oY ‘i\ B \S“\\ - £ <‘~-.\ + A @ o (d“ ‘}
' i

and substituting in equstion(35) we get:

Y6 _ 58’ D’[ — ! ,"‘2:{1 &
» - ) = - 7 - L o
dx ‘b?\ 2L “ PR
_— A L
4 \07
wad AR _ 2B ¢ 2B

2Y - DP\F VY T v ?,wl



.y xg,z_ Cl'< (,,A;;__: )]-"?—'91-) + Y ¢ x’"z'/q(qgfwjt;);)x

(& 28) =k c* 278
RE G e )
I & 36y e 20 L y< 28
—Y }\} .,__lf__ +,»J”vlf:,)«2-—;-w:>?<l\ :ﬁl
l _ o '2)3-9
oY 2}'@ + 3 Y A€ = O
}¥]2~ T % CJLV{
/
o 57 +3pP, &L 0 =0 - (a2)

1= ?omd%cfxgtigg n_gwobamm &t 3
= >

7 . -
- e - B=0 < tzto

Solution of the equations (41) md (42 have been obtaoined

for hot verticsl plste by E, pohlhmsen 1° for Pr 0,73

md i3 shown in the fig, 4.
Now hegt transferied per unit gres of the plete

C‘/;L = —"}"‘( JNT’)
o

>T _ 2T 28 _ 2T 28 2
3?{ EEEY 3= N Ay

o S A
= ('tw“tvo)(c\,.\ (\C XA
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Yk mokoo o xa(dE
é-C‘u g:

a T\ (tuv - ta(:)
‘,j""- oo Py o= 073

ae} '7~.‘)/Cbt, ‘/:‘:(fnlkl:c’. g,\;(_caﬁ,(*,
(‘:M) = ~ 508

o TI o

Totol haut transferred by the plate of length  md width
b .

Q=5 J L;‘\xx A x

o

&= 508 » %r,, b L RCt —EL)

D
——

b= &

b L' (tL\_‘ ‘“t_)o)

Nuwx (, = ""‘)}‘

Q.

bl (t.—- L) .

Sog xd4x bUMCh(te-te)
Sk b (L - Lo

{

SO RR LY ‘
> ¢
. 505X ;
— _y_,......::--w—'"“ '
2 &) y

i
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idopting tho mothod givenm for vortiesl tuboe in soetien

203(41) ve ompoet to get o similer exprossion as given in
ogiotion (32 for the ccgo of ¢n inclined tubo np followos

| 2 o faa
Nu&“kwbaﬁw”%&moﬂ¢%f@ -
This oquction will not bo pplicadle for ¥ > gg%
But vo emn vory woll gpply this oquetion upto "f) = 46°,
Rr 0% >P > 46° the olutions for horizontal eylindor
vill hovo to bo ontondod in ordor to includo tho offoct of
inclinction, Duo to Eckort tho oguetion (44) will hevo o
todifiod form ns follows; for this ease 20°>F 7450 or

(Vﬁ;ﬁﬂo) »

TNy
L

NUE Cul - ‘ - T (L\ S)
A J A - { 5 L
) LL :J 'L'i + /(C; Ty (m v ) Hj

%04 LIPLRIITNTAL IDTERIUATION OF hy te

Exporicantel volue of h, vill b dotorminod by tho
dofining oquebdons Q = b A (T tey Ty )

ot W A - "\‘L AT
&= h 28 ( ALt A “) (Tt N “"Twu ) - (8e)
g equotion 40 beoood on tho tubo gurfaoco tomporsturo

td includos for convoetivo tnd vedictivo heat trmoafor
fron tho entirc purfoeo of hoot oxchongor.



CHiPTLR 3

IEST BuUIPMERT

" Genorsl criteria of selecting the verious
units of the test setup explsined in details
slongvith their function®

26
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3,01 IEER W%

Tho 0170 of tho hoct oxehmgor ves ooloeted crbiter
mlyvdepanding upon tho gpeeo thieh ooy bo cvedlchio dn o
cor=oa doraotic rofrigoretos, Tho ovorcll length ad
béocﬂth, tubo cpceing md tubo dicmotor woro Lot emoteat
in ell tho toot unito, oinco offoct of thoco foelors 4o
voll lmowa ¢nd 45 independent of viro tubo ceorniey,  Tho
flov roto through the tubo ves cloo podnteincd eanobnte
Varichlo feetoro voro tho viro dicrotor, viro cneelng, ine
clinction with horizontol, md speedng botucea thie cénlctor
in coco of chirnoy offoct,

ihpco difforont viro ddcootors woro ocleeted, ncooly
D g0, I8 oo d 17 g0 valeh noeoositeted Sho cAMce
traction of ctlopst throo hoct ozcaragor vnito, Bio vire
Cpoedng solectod voro 2% 1% 3" md %, Tado eadinchicn
roqaircd only ono unit for coch dicrotor md 4% uveo poooldbic
to chengo ovor o norrouor speeing by ‘mtmduemg ¢n0 cfdle
Glenal viro in botuocn ¢uo wiroo to cacngo tho gcpeetng fron
2700 1%, 17C0 " @b "to ",

o fnclinction of tho oxchmngor wes oley coloetod
crbitrordly ¢ somler dntorvel of 16° wAth tho horicontel o
Iipst tho cndacazor dnelinction ves Gacaxd £yon 00 to £0°,
kocping viroo hordzentel @d tha dnalinctdon veg c:hmcod
fron 0% to 0% Iocping tubos horizontal, Ide dotosmining
caidrnoy offoet tho oncheneor veo in vortiecd poeoition on-
fincd botroca ¢ duet pedo of Gro vorticol plctog, tho

-
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8pacing betwoen vhich was varied from 2" to 3’%0 4" ;mnd
to 5% Each unit consists of +" I.Ds steel tubes with 2"
spacing between them, nd ends joined altemately so that
one continuous tube is in yig-zag shepes Stesl wires have
been spot welded st the diamstrically opposite ends of the
tube. The whole exchmnger was painted vith black paint in
order to incresse the rsdiative heat trsnsfer coefficient
md to simulate the actusl condition in whieh it is usged in
practice. The exchanger was suspended on & stand about 7"

high, so és to provide the facility of chenging the mgular
positions of the exchmger.

3.02 QTHERE MENT

Additional provision was msde in the test sparstus
ss follovss

1. Hot & Fxed Tempersturs Water Supnlyi~ This was achieved

by providing one preheater tank and cne constmt temperature
tmk, the capacities of vhich were gelected so that they emn
supply water for sbout 1y hrs, continuous mn of the test.

In the preheater tmk the wster was heated upto sbout 1% to -
160%¥, vhich passed on to the constmt tempersture tank where
the tempersture vas maintained constant at about 180°7 Two
theus:nd valts heaters wers used to heat incoming vater in
prehester tank md to maintain the water in constant tempers
ture tank at desired tempersture. Preheater tamk vas of 45
gellons cepacity snd of the size P x 2x 2 nfxo of 1/8" thick



P4

8. Eacots 4 floot valvo ct tho wotor inlot of tho proo
hoctor tenk providod constcnt lovol in tho prchcator Scalt
ihovps‘chgator tonk vos plocod on a 4 high stond 5o oo to
provido grovity flow of wolor fron it to tho constant torpoms
cturo teake | '

Constrat Corporoturc tonk conoists of tvo tcaks, one
of cncllor dienotor of 1 md 3' doop md tho othor of
lorgor 8icmator of 1Y ml” o4 3 docps Srollor ono woo
pleccd in the dlgeor ono od tho canulus veg inoculctod with
29 thick corlt poudor (coorso) cid folt, 0o ¢s $o oininmico
the hogt lockage from this tonle Bmollor tonk hed o vetor
copccdty of 30 golloas. Thic tonk wop oleo psovided vith
tvo thouscnd welts hootor .c:nd a thosrootet in ordor ¢o Drine
toin congtont torpopoturo. /@ ovor flov pipo wes cleo pro-
vidz in tho conotont torporotuzo teank, tho ovor-flov froo
 thich uco co roglcotod by oocas of o head oot wp volvo, thet
tho inflov into tho tenk oginls tho outflow. This orroape
roat provided conotrat tea:pemtﬁm votor oupply to tho ome
chcapor vithin a tolorrnco of ¢ PR |

14, £} . _
feon tho onchmpor v nointoined eonstont boernoo thig fockor
ic dico indopendent of tho viro tubo pgoorotrye This wes
ecaicotTd by vogaloting neauclly tho inlot progssuro by oo
of o bypcos valvo Fittod botvoca Chs inlot rad outlot of tho
uctor purp. Tho wetor purpy uscd, hed the folloving spoeifiees
tioncy

impe Ihe flov rabo

bty

lcko » Benoo, Donnapk
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HPo w» &

Copacity = 30 gupetie

Static head » 30 £, of water
8ingle phase motor driven,

The water was supplied st a constent pressure indi.
cstod by a msnometer comnected just befors the inlet mixz-
ing cup. |
iil. Measarement of the Flow Rate of Watems~ Vatoer flow
rate vos megsured by weighing the water collected in the
veighing tank after certsin interval of tims., The aize
of veighing tenk was selected so as to ;;rovido the colleo-
tion for sont two hours of continucus run. The tank vas
of 70 gellons cepacity snd vas kept on n ivery weighing
machine of 5 cwt capacity.

1‘0 et

bulk tempersture of vater passing through the cross-section.
al area of the pips, Two mixing cups as shown in fig 7
(6" long & 1§ " dis) wers msde of brass with 11/16 " inside
bore. At the inlet mixing wes obtained by sudden expmsion
of 1iqid from a diameter of 3/16" to 1/16"% md st the
outlet mixing is obtained by expmnsion of 1iquid from " dis
to 11/16° dia

Mixing cups wers connected to the heat exchanger inlet
md outlet by two rubber hoses, inorder to provide flextdi.
1lity for tilting the hest exchmger in different position,
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Doth mizing caps ond subbor hooos vero hevily incaicled
by agbostos ropo 4n ordor to rostrict my loakoso of hoot
fron nixing cupo md excacager inlot ad sutlols,

Arenitse In tho pxhogtor Ceak,
2000 wolts hootor coils wero diroctly connoeted Co ‘93) volto
LeCs poins md romoined operating for the catiro poﬂoﬁ of
the :#zm In tho constont terperature tenk tho hootoy coils
of 200 volta voro kopt in sories vith s thoroootct md
»t.hen connoctod to the 23 volto 4G .nnina. ihio cporction
provided tho hooting of tho untor in tho teak up o tho -

borporobura, eoRN A 1 Wnusostot thd an Coes 20 perticllr
et

tomoroture rocehed, the eircult wasvdinconncctcd cntoms&_:‘m _
cclly by the thormostots A ecd lemp voo eonnoetod hotwer
tho off = on point of tho thorrostct cnd tho hoctep, cuch
thet tho buld ronedned off vhen the hector ves oo d it

vas gloving vhen tho hoctor ucs off. Thio indiectod the

piopor oporotion of hootor eoils,

) In tho initicl post of tho
vork the tormporcturco woro rocorded by Como of them voils
1o Royece €droet socding potcatiorotor, heving tho locst
comnt of 005 nve  Tho potcatierstor rocdingo voro celie
brctcd for tho deopired ré:n@o. Rino thoroocouplo Jractica of
cpror cd constoten voro plceoé on tho tubo carfees to
finé cat tho cvoreso tulo gupfres taporcliurc. Alco nino \
thorooesuplo funetiong woro ploecd e vArog dn botvecy hd \
tvo tuboo in ordor o find out cvorane Coca wiroe f;c:,ocrctnrco

£11 thoco Junetionn Sogothor vith inlot omd cutlos tou:pom»

\

\

\
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Calibration of 10 Point Tempersturs Recorder,




turo junctiens woro esnnoetod tum by tumn vith tho holp

of o ooloctor owiteh. Lfter the Llrpst fov R v reecived
o ton point terporcturs rocordor of Locds Dorthrup Cos of
UsOe o thich hed tho gpoeicd foqtmro of cdjustcblo zoro d
&3usteb1e LN (bﬁiﬂ), 84nco tho provious potcntiorstoric
rothod uns tuch £4ro consundng, 4t ves doecddod o uco thio
tcn point tempersturo roeovdor, ITho roeordor ves ccldbre-
tcd with the porticulor Sypo of coppop conctmion tHOPCO=-
couplo for tho rogiired torperaturo reago (26°F to 100°D).
Thouch tho cecaarcey of roecurc=cnt vith tho vocorder 4o

cop arctivoly vory leag but 46 ves cood cnouth for the cecte
rcey rogaired dn thio vork 0. 1 ., PR Re 8 chous o
tho eclibrction oot up of tho terporcturc rocordors

Py tho investigdlen of Cxicnoy
offoet tro plyvsod cheots of tho glgo ¢¢ = 8% =z ¢° thilek
1ore plceed an both tho oldosof hoct ozchcagor, Cndo wOFO
cloced by opceoro of varfous vidth co oo So vepy Cho cpceing
botroca tho tvo plyvood chootse Iho uppor ad botton cade
rocodn open for tho acturcl Glrealeiloa of cire  Tho oxcicee
cor veo kopt 4o vortieol pooition bobvecn ¢ho trvo plotoce
Ivar vocd cpeeors of 2% 3% 4°& 67 vidth voro ucod for
Gicaging the cpceing botraca tho plctoess



CHAPTLR 4
EXPERIMENTAZTIOR
" All procedure of stgrting d conducting the

test explained alongwith the precautionery
megsuras to be taken during the test.
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1) Both the votor tenks woro clermed snd velves woro
checkod foP propor oporastion, Then the traks wero fillod
up to tho meximum cepoeity,

i1) Eloctricol connections vore then cerofully checked
end hoaters in prehester tenk end constent torporsture tenk

verc switchod on,

1i1) uater in tho prohoster tenk was allowod to rooch
nearly 160°F of torporoture, vhilo that in consteat tocpose-
turc tenk wos heotod till the red pilot lemp otortod gloving.

iv) 4 chock of tho torporaturo of vator in constent
temperature tomk vos nedo by o micury-in-glnsa thorronotor,
This indiceted tho eorroct oporstion of thorcostat within
tho speecified range.

v) Tomporsturo rocordor vas tﬁcn choclod oy thg propor
operation. Rr this ell toxjminols of thormcouplos voro
short ecireuited ond zoro error of 'tho rocordory if found,
vas removed by coorpo end fing cd;luétmni; lmobgs Reago of

the reeordor vos edjustod cecording to roquirod torpersturs
renge.

4002  ZEST PROCEIUIR

1) Tho bypoos velvo end oxchengor inlot volves woro fully
opencd md then tho wator purp wes switchod one

i1) Tho inlot prossure was rogulotod by bac:ns of bypogs
valve ¢t 187 of Hp,
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111) Tho hend sotup velvo of tho inlot of constont LOrpw
orcbure tank wvos co rogulctod that tho inflov into tho conge
tont tomperoturo tenk was ool to tho wator pucpod out of
tho tonks  This condition wes pproximotod whon the ovorflov
from the tenk vwes minipum,

iv) Tho éxchengor, wos get in the dopired pooition,
Tho holp of spirit levol ving token for keeping tho oxchengor
onoctly horizontal, Anpuler position was then cdjuoted by
. loeping the vortiesl end horizontal ordinoton such thot divie
odon of the two coordinatos gavo tho valuo of tm'] vhozo Y
1s roquirod engle with tho horizontal,

v} thole tost sob up vos loft opersting in thip condie
tlon for cbout cn hour so thpt tho stocdy stoto in surrounds-
ings cnd whole cpparetuc 45 reocchod. Thig waos checkod by
co2os of o room thcrﬁomcér sucponded Juot near the toot £ote
Up vhich algo indicotod the room tomporaturc,

vi) It vos found thet for occh position of the ozchengor
tho stoody steto was reochod within 15 to @ minutog, eftor
videh tho tomporaturos could be notod down, tiotor flov wae
le> mocsured for this intervel end then the pooition of
ozchengor was chengod,

vii) After tho cbove procoutions tho tost run woo startod,
Tho Sorporoturos of tubo murfaeo woro token by nino thoprow
cuplos proed oll over tho oxchenger, Tho orithmotic com
of thogo torporaturo was concidorod og gverago tubo curfoco
torpopcture, Tho Junctions of thorrocouples wero poreuyy



fleoh wolded, md were placed on tho tubo surfaes by vind.
ing ito one tum on tho tube periphery ot o eross-soctions
Thin cticking pepor tope vas also used to kecp it in place,
Thoe error ecused by this wao sssumed to be negligible,

Tho avoroge wiro tomporaturo was olgo dotorminod by
toking the erithpetic wacn of rosdings of nino thormoeouples
sproed oll ovor thd oxchengor wire gogments, Tho junetion
woo plocod 4n tho middle of tho segment o op to gdvo tho
Eyen vire temporature, Soms of tho junctiono woro plocod
on the vﬁms on ono side of theo exchmgor md goms of then

on tho other sido.

Inlot end outlot terporstupros vore token by thorcoe
couploo placod in tho mixing eupo,

36



HPIER G
TES5? RESULIS

" The charscteristic curves plotted, the results
disaussed md the conclusions dram out of tho
obtgined results”
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HOTEs« Tolloving representablon hes been adopbed dn
the Characterlstic Plobss

e Thogotice] cutve for 12 8,00, Wi,
o— Imertnentel carve for12 6,6 Gy vine,

ommmam=e Thooseticed e for 16 5HG0 e,
........ -~ Experioental curve fo21f 546 vime,
BWeomeemen Thooreticel ourve for &) S0, vire,
—-—- -5 Bupertmentel wirve 2022 Sk Gy vide,
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6,01 DISCUSSION

Both theoroticnlly md oxporimentnlly determined
veluop of hg have becn plottod ogeinsty§ wire cpeeing
to chou tho choracteristics of the uvirc md tubo host
ozchenpor. Tho rosults obteinod may be intomprotted oo
follouos |
1. Tho effect of yswing 1s demonstreted by tho curvos
of plot nos. 1, 2, 3 & 4. Tho curves in uppor holf of
theco plots shovw the offoet of yeuing vhian the rotction
of tho pleno of exchengor is cbout a horizontal tubo, ed
tho lovor heolf chows the effoet of yaving vhen rotction
1o cbout horizontal vire,

i, Zubo Horlrontrlse Tho rosults from plots o),
Ay, (o) end 4(o) indicote for the ccse of horizontcl
tubco that thero is cbout D So BY roduction of hoct
treasfor esofficient, by o chengo in position froo horie
zontol to vorticaly, for differcat wiro spacings. This
porcsatase reduction is secn to bo ineregsing a5 tho viro
cpcedng docropsess Thero 19 neerly D porecat reduction
vith 2° vire gpeeing, 2%5 por cant vith 1° wirc specing,
250 por ccnt vith 4 ° vire cpocing ond B por eont vith
&% viro cpocings |

i1, J4ron Forpfsmtrls~ Tho romilts from plots 1(b), (b)
tnd J(b) indicete for the ceoso of horizontol wiros, thot
tho porecntego woduction in hoet trcnofor, by o chengo in
pooition fyon horizontcl to vortieal, is corporotivoly

38
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less sorious ond vo find o more uniform chenge in the
voluo of hest transfor coefficicnt for this cenc. Tho
percentage roduction scens to decresse with tho decroase
in vire gpoeeing. Tho reduction soems to toke placo from
ebout 16 porcont to 10 poreent; roro cpeeificolly it ig
ncerly 16 percent vith 2° viro gpacing, 13.56 porecat with
1" viro cpocing md 12 poreent with § " viro spoeing. Due
to proctical difficaltios the dote for §® viro spaeing
1o not shown,

iii. Copbinod Lffoctss~ In both ensos wo find thet tho
chmge in hg 45 core gorious with in cortoin reago of
‘chenge in Inclinstion. then tho tubog rencdn hordsongel
tho chengo 40 roro offoctivo botvocn 46° ma 60° yoy agle
bz the easc of wires romainins horizental proctically tho
chengo soens to bo offoctive froom tho oorlior otrogos thot
15 nosrly 30 to 46%, Thig fioy bo probevly duo o tho feet
thot tho blochngo'of flov with chenge in inclinctican 4o
not ¢s gerious for the caso of horizontsl tubos oo 4t 49
for tho eoso of horizontol wirep.

2  Dffoet of wire _mcing_m shovn in plot no. 5 for

16 gago vires Thy veluo of hg 45 found to ineroeso with

- tho docronse in viro cpoeing but chmgo 4n tho woluo of

hg doerocsos vith tho doerenso in viro spoeing, Thin may

bo Guo to tho fcet that eo tho viro spoeing doerocson, tho
toundory loyor offects on the cdjcecnt viro prodonineto

re od oree. In ne ccso tho vire cpoeing chould bo o ¢l
oo thot tho boundery layoro of tho two cdjnecnt wiros ney
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Intorpoet opch other, in vhich cese fl:t plate condition
is nchioved,

S Effoct of vire spoeing on ¢ 4s shown in plot no, G,
for threo difforent oxchengor positions. It 1n socn thet
hont tremsfor incrocses vith the docrocse in wire opeeing.
In tho horizontel position the incroase in the heet trons-
for 1c found %o increase ot o fpster rote with tho docrocso
In vixo spoeing 25 tho oxchenpor spprondxés verticol posie
tion tho roto of incrongo in tho hoot tramofor 4o comporo-
tively loss, vith tho vire cpeoeing,

4,  Chimey offoct ig shown en the plot nos. 7, 8, 9 &
10, %ho uppor port (¢ chous effoet vhen tho tubos woro
tcpt horizontel omd the lover part (b) chows tho offoct
vhan vires vere lept horizontel, From oll tho plots wo

e eonecludo thet the veluo of hy, fneronsos vith the picio
tpecing Portieulorly for 12 ad 16 3.4.Ce wire, plots

75 8 & 10 indiecto thot ¢t 4% plcto spoacing tho host tronce
for coofficient is ecithor poximin or boyond 47 spocing

tho dnewreso in the valuo of hg is vory littlo affociods

It 1o duo to the' feet thet probedly with this ploto speos
ing tho convection duo to tho ehirnoy cetion 15 rost offooe

tive,
502 ZELORUTICAL RuSULZS COLD ARLD

Thcoretically tho valuos of hg vore caleulsted with
tho holp of dofining o@ction (3). Totel convoctivo cooffi-
ceicato for vire md tubog both vere dotoymined ¥with tho holp
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of corbining oguation (11). Convectivo coofficients for
vires cd tubés in difforent positions soperctoly wore
detormincd with the help of oquetions (B, (33, (44)
wad (46)e Redietive coefficient waes found with tho holp
of equotion (6) in vhich tho confipurction feetor for the
exchoager 4o ocosurod undity.

This cosumption did not offoet tho rosults ot all
sinco the vorigtion in tho value of rrdictive evofficicat
for the roquirod torporsturo rrnge vos found to do nogli-

- §ible, vhich wore ecnlenlated ooporotely for occh enoc.

Though tho theoroticnlly calculeted voluoo did rot
fully cgroe with tho oporircntal voluos duo to theorotis
erl nd proctienl disercpencios tncecpuntod for, o (a0d |
agrooment is found to oxist in tho voriction of theoroti-
colly cmd emporinzntally doteroined velvog.

503 CONEIUBIONS |
Bllouing conclusions nay bo dram  fyon tho gtudys.
L Tho wiro end tubo hoot omchmgor moy bo imclined upto
cout 46° vithout offocting its porfosenco gprocicdly
thca tho tudbcy rcocin horisontal.
% Chcmge in tho hort tronsfor cooffieient 49 loos dm tho
ecco of horizontcl viros thea thot of horizontol tubog, for
tho vorticol pooition of tho hect exchengor.

3. Thoro is oporticulor viro cpoedng for porticulor dics
ater of viro; for vhich the boot temnofor coofficdcnt 4o
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maximum, A further decresse in wire spscing does not
affect the heat trmafer coofficient sppreciably,

4. Por my vire spacing the hest trmsfor 13 saxlmun
for horizontsl position, |

& The chimey surrounding the exchamger iz most effece
tive when the plate spacing is at s particular value.
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HOQHENCLAXURE

Total eron of tubos, /svy—v

Totol oren of wiros, /QVF\"

Diomoter of hypothoticel eylindor -
Pdexoter of virve, e
Cheroctoristic dicmoter, fr-

Ovorpll heat trocnsfor esoffieicat for tho
OnCNLNED Pe BTU S
Avon of tho omposod surfeess, xwr

Torporcturo difforcnco dotvocn dnstdo £luid
md outsido fluid,

Convootive hopt trcnafor coofficicont for inaido
tubo surfoco, f T Ve Jrop.

Convective heat trcngfor coefficiont for outnido
tubo surfecs, G/ K‘l °r . A

Redotive host trensfop eofficicnt for outor
ourfoeo. R.T.V /w k’.@(_‘,

Tubo wall thormol conductivity, R.TV /. w2
Outoldo redius of tuba, f(
Inoido tubo rediug, ft~

Tubo lcngth, 4:\~

Outoddo oron vhere convoetion host trengfop
oxigto, /gw ‘)\-

Inoido tubo orog, 4§ "

Volocity Waee .
Ruid denotty ™4 /Coji

‘V:locosity of fluid, Q’Mj/m&&-
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Thormal conductivity of fluid. BTV "

Spocific heet of fluid, BTy /s e
Emigeivity of outor surfseo.
Univorgal ges conotents |7, o %
Hese flov rote of wator, Ut/ o

Hin cffoetivenoss,

lugoolt numbey bosod on ' x

Nupgolt numbor baged on 4
Oreghof nuobor besod on 3
Grochof nucder bogod on  d
Rediug of viro.

Veloeity component in 2z dlroetion,
velocity component in y diroetion,
Co~ordingte poesuring longitudingl cxig,
Thormel diffusivity « WeG, 7 /7,

Coofficient of thermal oxpcnsion.

‘\J

Aceoloration duo to gravity. v e
Hall tompercturoe,

fobient temporoturoe

stotic tomperoture,

Homm wiro tomporature (ovorogo).
Avorpge tubo gurfoco torporcturo,

ingle medo with vortical pleno.

- Inglo medo with horizontal plao,
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Prendtl nucbor,

Hoat trenofor por unit orop CTV/ e
Redigtivo hest tromsfer roto. o7\ /. |
Totel heat trenafor DT L/

Grachof number besed on =z for flot plotos

Grogshof nusber boood on 4 for eylindor.
Ruggolt numbor besed on =z for flot plotos
Huggolt numbor basod on 4 for eylindes,
Dicnotor of tubos(outoide), +C
Centro to ecntre wire spacing, o
Centro to centro tubo gpacing,

Plato cpeeing (in cesc of chimoy effoct), “ -
fn circunforcneo, .t

Overall hogt tranofor epofficient(s hge g,
Inlot mizingecup torporcturo )
Outlot nizineecup tomoraﬁum -

Surfeco tompersturo,
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Tho rothod nsod for coleulcoting the theorotienl md
czporizentel veluos of hy heg baon chown bolow for o portie
caler mun,

Obgerveiion rheet no. 1.

Run no. 2, Tubos rompining horizantel

W ddecotor = 12 Bni‘}.&m%)
wiro oyceinglecntro to contro) s M4°
?Efd CQG:IO ‘gn-' = 150

tvoreso tubo curfreo tomporcture = 31426°P
vercso Doy wiro temporsturo = 133, 659p

it Serporgturo = 89°F

Inlot tocporcture = BLST
dutlcs torporcturo = 180, 8°1
Flov rcio = 157 lbo/hp.

Convoetivo eoofficicnt ic dotorminod by tho oqetion
{(11). Binco in this ccro tubos romein horizontsl cmd ine
clingtion of vires 1o chengod, ogaction (Be) will bo used
€5 dotornine by, od oguetion (46) for dotormining hy, boeo
uro 4% 15 rliechlo upto 45° of yor cipde.
Lydluction of hese

14206 + R

Do oir toporcture S, o

o

Foy  aun hs%= | -3
Y o= 18444 X 10 He , ey

¢ & BIY, .j ek {-.l 1
15716 By :

[ }w‘-...,‘,
i -

3

4

& R

Y
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BXGHAN GER REXAZXLS
Tube diemster (inpide) = 3/4°
Tubo di~otor {(outstde) s B/16°
Tubo spocing (Contro to ecatre) = 2°
Totol tubo longth s 41, 6ft,

Totol tubo ourfoco oron (M) = 3,486 oo £t
Ovoroll length of hocot oxchagor= 387
Ovorall width of hock ozchmpor = A7
tire longth = 33"

8,110 Dotollo _ HIRDE DIANLDZLR
13 8.4, 00 13 Soﬁuﬁu D Setlo Cs
(- 104 "4} {.034.%%) {03 ‘33?

=4

1 Uiro cpeeing 37 1° §7 $° 29 18 pA p0 ge pe co

% lo.ofuire 12 2B 46 89 12 8 45 By = 48 CO
polyo.

3, Totcl no. of 3 40 ©0 178 2) {5 €0 X8 <3 £0 W0
mm& R




Tokyo Hozd condol
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Wro o s

Bony Do,
Rlov Rcto
1ba/he.
¥ Lagho
HOblent
o %
Inlet
Teapap
Outd ot
Yc::p."l?

-3
-

a’d
0

o3
-]

o]
.

c;‘: chl ‘oﬁl Dv-n m&:

o3
>

RLALKTEG

o, =
(A=A

L4 3l T .
oS F F L F O F o o

e

$%:0

810

15,0

59,0
10,0
1680
. 1080
" 1G5.0
1040

103,5
1450
2340
1G4

- %0
15,0 .

104,0

1487.0

| 125.0
1000

a8

1420
16,0

1060

157.0

10,0
10,0
100.0

101,5
15,0

14%0

1030

1485
142,06
13%,5
285

101,98

16,0

1340
1440

10,5
- 14L.0
10,5

1{0,0

13,9

53,0

 193.0

142.0
155
14,0
1(0.0
3810
102,
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