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tube: or longitudinal fins inside- the tubes. Since :the. heat.
transfer - coefficient -for the- refrigerant :side- is3
smaller than the coefBicient for-the water,side, the addition of
ﬁnsond\emfngemnt.sndelesdstocompactdes@amdb
le impry

Whmﬁm:mms:dedlembes tbey»t&ndu)spmsdthe
hqmdmfngmntoveralaxge.ram,thusgmgsﬁlmof
smaﬂt.hmkneswhmhresultamh@zrhmthnnsfereoeﬂi—
cients. High fin efficiency xsnmpon.mt for bo:lmg since the
coefficient.is reduced by lower. & ;-€Spe-
cially, iif ;this ehifts botlmg:lmm thenucles'.e reg-une fothe

..When fins are inside tubes, '.he refngemnt prmm dmp
mnbelud: This-will result in reduced available temperature
difference and lower-heat :transfer. It can-be:avoidediby
carefully determining- the ' number. of -parallel refrigerant
passes- whlch g;ve optxmum Iowmg for best overall:heat
transfer.. sal

. In ‘most of the stesdy sute helt- transfer pmblems €n-

modes may be'ihvolved stmultmeously Therefore; it is ‘can-

. venient to combine the various heat transfer coefficients’ ‘into

divoversll coefficient in order that thie total heat’ t:ansfer nay
bé' caleulited from¥ the términal terriperatures.: The ‘solution
o this problem is made much simpler if one emplnys the con-
cept of the thermal circuit and lha-malmutwwe

Local Overall- Coefficient of Hec
Resistance Method ¥ T

Consader an applwahon where heat is uansfened from one
ﬁmdtomotberbyathm&sfepsteady—statepm from a
warmer ‘fluid to a solid wall, through the solid wall, and
thente to a colder fluid. It is customary. to.emplpy an gverall
eoe]icnent of heat transfer, U, based on thi ovem.ll d.lﬂ'erenee

. the: bulk temp
defined a3 lullows

g = UA((: - ‘x)
wha-edlsthesurfacem SmeeEquataonZZnsmhaﬂya
definition of- U, the surface aréa’A” upon'whmh U is bised is
a.rbmxry and should always be specified in-referring torU.

Wct..andt,,mthesmfnoetempemtumsoﬁhewsﬂontbe
warm side and cold side tespechvely, a.nd R., R, nnd Il.m
the thermal resi Since the smame g

tbm@whthemalmmsunee, theseequauonscanbeoom-
blnedwgwe

b—t RN o
T U 1 R: + Ra + R:

As demonstrated above, the, equnhons mvolved are
anslogous to those lorelecmmlmrcmu, i.e., when’ t.harelsa
thermial current flowing through seveml msfa.uee in sertes,
the resistances are additive. : . .. .

O e A A
Similarly, conductance i3 the reciprs

: usually computed by this method.
A
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heat” flow through . several resistances in parallel; the “con-

. ductances are additive: _

1 R R 1
CrETmtmtE Y
For conduction thmugh a solid mnterml, the thermal
registance is a function of the mean length of the heat flow
‘path, the thermal conductivity of the material, and the mean
cross-sectional area normal to' the flow, Equstwn 2.' Equa-
tions for various conﬁgumuons are gwen m Tnble 3

sty @9

- In the. case of: ,.the th is in-
versely proportional to the convechon eoeﬂicmnt, ke, and the

surfaoeammwhxch lt.applms. -
L — @)

'I‘be thermnl rwst.moe ‘for rndmtmn is wnmm stm:larly ho
tha.t for convection. .
e N .

e R'-h,A -
Thetermmd:abmcoeﬁaeuth.hxsnophysxmlmgmﬁwnee
as such, being i duced primarily for in compu-
tations. In general, it will be a very complex function' of the

tures, radiation. properties, and geometrical arrange-
ment-of the enclosure and the body.in question. For.the sim-
ple case of a small body.in a large enclosure, the:radiation
coefficient can be determined from Equahon 12 as. follows:

b= r—w—lr = q.m' + ToNTs + 1'.) e
.V V - -
. ‘F-a‘nmwtyolthemdosedbody -
+T3.= abeok of encl
Equation 28, with ¢ = 1, mplothdml’v‘ig 20. -
The use of these rel for and duct
makes ible the solution of many p 1 heat transfer

problems.- As discussed in Chapter 24, the prachcal ana.lysa
of heat’transfer in building walls and pipe covenngs are

ysis by the resist. methodlswelll.llus—
trated by oonsldenng the heat. tmnsfer from the air outside
to the cold water inside an lated pipe. The
yadmnhmdtheumofthewsmneemﬂymmmdx—
mted by the two sketches of Fig. 21.
Smeemrxssensnblytmnspamntwmdmhon,themmﬂbe
some heat transfer by both radiation and convection to the
outer-insulation surface. The ‘mechanisms act in parallel on
the-air side. The-total transfer by radiation and convection
then passes through the insulating layer and the pipe wall by
‘thermal conduction, and-thence by convection and radiation

into the cold water stream.: (Radiation is' not significant on

the water side: as liquids.aresensibly. opaque to- radiation,
although- water transmits energy 'in the visible region.) The
contact resi b the insulati mdthsplpewalll.!
assutned negligib!

oo oo v et

Befemngwl"ig 21, t.hehea.t(zmsfened fornglvenlmgth'

-L of pipe; q,,(Btu/hr) may be thought of as flowing

‘the pamﬂelremst&nces&nnd&,mmtzdwﬂ.hthemsxﬂ&

“tion ‘strface radumon and convection coefficienta. The flow

-then p ugh the regist oﬂend to - thermal
ducti byt.he lation R;, th theplpewa.llre-

sistance R,, and into the water stream thmugh the oonvechon

resistance By.-Note the analogy to the direct current

Fig.' 20 . .. Rédiafion Coefiicient for a Smull Blu 1
in a Large Enclosure :

cireuit, problem. A ture (p "\dropls ,' o
uvemmeﬂmm:smnosmthe flow of thermal current.
Thetohloroverdlrenstancetoheathansfexlz.rsthemxm-
mﬁmofﬁbemdxndualmmnm R 5 .

Ry = R|+R1+R:+R¢ e ~‘.(29)

Brovided the individ ista y. be_evalt
total resistance, can be. obf.nmed from (.l'ns relauon The heat
transfer forithe lengt.h of pipe, L, (ft) can be atubbshd by
therelation: . : i

q-(Btu/hr) - (t. - ¢)/a. ) 2 ) " (31)
For a unil hngthofthepxpemeheatms{ermtem ’
- 'f v q,“/L(Btu/hr ft).= (& — l)/R.L '

~@2)
The 4 D, Al throigh Troidual resistan
mayﬂ:cnbemlculsted fmmtherelahon :

AL = - Rge

~t=w. Ay R - - TR G-
Thermol Circuit Diagram for ar’-
Cold Water Line =~

;um”
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Mean Temperature Difference . B

W'ben hea.t is excha.nged between two ﬂmds ﬂnwmg ol

ugh a heat exchs the 1 3

difference, A, varies along the flow path. Two methods may

be used to account for this variation. In the first, the heat
trangfer is calculated using the familiar rate equation:

. g = Udat, L (39
where U is the overall coeflicient of heat transfer from fluid
to fluid, A is an area associated with the coefficient U, and
A, is t.he necessary mean temperature difference.

_For, parallel flow or counter-flow heat exchangers and for
any uchmger in which one of the ﬂmd's temperature is | sub-

t, the mean p difference is:’
A — AL Al — Ay
e A‘-'—l—T"—‘—M 33)
log,— .23logn— -
°E~M . OB1e Al

where Ay and Aty are the temperature differences between the
fluids at inlet and exit of the heat exchanger. AL, is often m!led
the logarithmic mean temperature diflerence. .

Equation 35 for At, is strictly true only if the overa.l] coeﬂi
cient and the specific heats of the fluids are coustant through
the heat exchanger, and there are Do heat losses. In most
practical cases, these ly well
approximated. A procedure for dealmg with cases with a
variable overall coefficient U is outlined by McAdams.?

Caleulations using Equation 34 and Af. are found con-
-venient when the terminal temperatures are known. In many
cases, however, the temperatures of the fluids leaving the
exchanger are not knowa. To avoid trial-and-error calcula-
tions, an alternate method, originally proposed by Nusselt,
has been recommended by London and Kays.* It involves
the use of 3 non-dimensional parameters, defined as follows:

l Ezdlanqzr Heat Transfer Effectivenesa (1).
Cilts — ) _ Colles — 1)
Cainltu ~ ta)  Comllasc — &)

LT

T e= (36)
where

Ci = (we,)s = the hot fluid capacity rate, Btu per (hour)

- (Fahrenheit ).
.= (wy)s = the cold fluid capacity nte ‘Btu per (hnur)
(Fahrenheit degree).
C.s. = thennal!erofthetwoupwtyntes

- tenmm.l fempemtun of hot ﬂ\ud, Fa.hmnhzx'. dcpee
°

indicates lmvmg condition.
L= termmal temperature of cold ﬂmd, Fahrenheit degtes.

2. Numba oszdlanga Heat Tmnxfa Umu (NTU)

L (NTU) = A——U“’ = f U(d4).

wllauAmthemmehmtmnsfermusedmdeﬁmngﬁm
overall coefficient U.

3 CapathRw}Mo(Z) R

Can A
et~
lngeneml xtmpombletoexpresstheheattmnxfereﬁe&
hvenmsforaglvenexchugerunfunchonoldmnumbex
erumts mdl.becapacxty rate ratio:

g = {{NTU, Z, flow umngement) Sy




