A CORRFLATION BRTWENN HEAT TRANSFIR AND PRESSURE DROP IN HEAT XCHANGERS OF
IFFIRINT SEAPES
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Summary e

Tha correlation proposed seens 1o be valid within an accuracy]

of + 20/, and includes heat exchangers of very different forms. It also has

many possibilities of application in other problems of heat transfer, 1lik

convection in furnaces, reciprocating éngine cylinders, tube entrance effecis,
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Correction coefficient for exchangers wiih finite

number of TOWSe

Heating surface in ons hollow of tha exchangsrs.
Spscific heat at constant yressure-

Hass floﬁ rata.

-

Friction factor, defined by Eg. (1)

Mags velocity referrad to the wminimum cross section

Heat transfer coefficient.

flow lenght in one step of tﬁa e%chéﬁé;f;
Prandtl Number.

Reynolds Number.

Miniwmum flow cross section (Fig. 4.2).
Specific volume of the fluide.

Pressure drop in ona step of the exchanger
Dynamic viscosity at mean film temperature.

Fluid density.
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1.~ SUBJECT: ‘

Heat exchangers theoxry is a vary well known matter, spscially on the
so called compaot heat exchangers (5.2.1).

The origin of the present paper is the request of defining quantitativag
1y heat transfer phenomsna abiaining inside tha cylinders of steam engines
( Rankins expanders), a fisld of renovated intersst today. Al effacis abttibuisd

to that cause have bsen wmeasursd up to 50% of tha theoratical steam consuéption.

Originally it was aimed at to apply formulae dexrived from thoss used
in the I.C. engine field provided the rsquired ammendements to_count for dgif-
ferent fluid properties. Soon it was realized the inadaquacyfof their ssmi- .
enpirical approach, and this led to think about a rational theory integrating

all types of reciprocating machines.

T4 is well known the existence of a relafianship betweénmf$iétion-aﬁd'
= héét'transfer, yet'aniy'fbr a few cases in quantitative fcfm. Thé.first stap
.was, therefore, to ask if it were possible a generalized correlation valid for
heat exchangers of widely varying geometries, including heavily roughensd tubes,
And it is shown here that such a correlation is possible to a reasonable degree
of accuracy, this Qroposed as a subject in itself and independently of the

original motivations spoken of above.

It is hoped to present, in fuilure papers, ths whole treatmsnt leading
to the answer of the problsms originating the present development; and also
throwing light on old and inconclusive guestions pertaining not oniy to reci-

procating steam engines but a2lsoIC's, compressors, etc.

The present work does not pretend fully to answer the matter; it is




only the result of the nesd of disposing of a tool allowing a firsi quantiiativy

assessment on different questions not answered by a lenghty and aged literaturs

enguirs.
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2=~ THFORY:

Dol .- Ixchanzera with infinite numbsr of rows:

Kays (5.2.1) gives a great amount of experimental
data referrsd to exchangers of very different shapes, which is
condensed in fig. 4.1. (The valuas wers obiained experimentally

with air; for other fluids, see app. H.1).

]

his datz is referred to Raynolds numbers not
greater than HB = 10 000. The extension for other values of Re,

m2y be made using the classical Grimison experimental data.

Following lic Adanms (5.2.2), it is:

2
Gln-a'» - A
P = . N < m’Z (l)
A 7{ 2 - Sml'n -f)f“l [ j

Defining Reynolds numbar as:

R. - A.Smln.L-Gmu: 4.-D ['___]

(2)
A A

and considering that
D = GmB’K . Sm:n [ &’—3 . 5—‘_] (3)

"the obtained correlation from the represented values, not very different from

that of Grimison values (5.2.3), may be expressed as:




h Y,
. Pr 5-_: 0)12 s

- 20 [—
Co - Gman | Re'fs / L 1 (4)

valid bsiwaen Eé = 20 000 and 150 000, and f = 0,01 and O,l.

1+ is necessary to note that AP is the pressure
loss dua only to friction, i.e., not taking into agcount stream accelaration.
Also the entrance and exit effects ars not included and Z& P ig referred to

exchangers with infinite number of rows.
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2e2e=~ Finite numbar of rows coXrrections:

It is well known that in heat exchangers heat
transfer is lower in the first rows than that corrssponding to rows
placed far from the fluid entrance (flowing outside the tubes).

This is due to the fact that the later tubes are subjected to a

stream embodying the turbulence gensrated by the prscedent onss.

Fige 4.4 shows such variation according to data .

given in (5.2.2). .

In that figure it has been indicated either Tor
tubes in line or in alternating arrangemsnt = heat ftransfer figures
obtained along succesive "hollows" giving the latter name to the
spacs exisbting between two succeaive rows. I% is seen that heat

transfer is different in every hollow because of the turbulenca of

the incoming stream.

Neither the pressure drop is uniform bescause the

greater turbulence gives a different pressure loss in each hollow.

Ledinegg (5.2.5) gives multipliers of the pressurs
loss in each row according to the experiment of Ter Linden (5.2.6)

as reported in the following table:

TAELE 2,2.1

Multipliers for the resistance in each row (Ter Linden 5.2.6)

Rows Pattermn
Alternate In line

i 1,85 1,47

2 1,34 1,33




3 1,15 1,19
4 - 1,08 1,09
5 1,02 1,03
6 1,00 ‘ 1,00

ese see “ve
10 and more 1,00 1,00

The +total resisitance of a tubse bundle, in
arbitrary units, is the product of the multipliers times tha
number of rows, as it shown in fig. 4.5,

In that figurs, it bhave been drawn smoothed

i fference betwsen ihe

o

cNIrved. Also in arbitrary units, the
resistances occassionad at every row gives the pressure drop

obtained in sach hollow as indicated in fig. 4.6.

All the above can be considersd incorporaiing a

coefficient a, in the formula given in section 2.1.

According to the figure 4.4., the heat transfer
in the first hollow is, for alternating rows, 71% of that
corresponding after the sixth one. Also, the prassure drop is

only 707 of that of the same rows (Fig. 4.6).

Since a part of the difference: is alrsady taken
into account because of the lesser pressure drop and for 2 given
pressure drop in thab first row of alternating iubes, the heat

tpansfer in the first hollow can be described with a coefficient
g

. =97 680

o170

of that correspounding o those rowa from the sixth ona.
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By an analogous calculation it is obtained ths
curve given in Fig. 4.7.  Similarly, a curve is obitained for in

line arrangsuents and a mean curve of both is finally proposed.




3o~ COMMENTS:

T+t can be observed, in Fiz. 4.1, that the scatter is about + 108
g o~ - o < ot > - . = ) - .
with a few points reaching + 20%, which is considered very satisfactory
in order to assess the usefulness of the propossd correlation. This is

al so verified within.iplﬂﬁ in the careful experiences rasported in Rel.

50268,




5o~ APPINIIX:

5sle— Corractions fox Br >l

The correlation given in Sec. 2.1 is based on

data given in Mc Adams (5.2.2) and Kays & London (5+2.1) in which

the influence of Pr is included by the facior P22/3'

}-_”
i
0}

is not

jmportant for gases, bubt it is not so for liquids with ?1.27 Le

Deissler (5+2.7) has propossd, for fow inside

tubes, a correlation in which the influencas of Pr is given by
0.55 _ .
Pr in the range Pr = 1 eeo 10 T+t is proposed to accept thab

correlation ot be extended to the Pisld hare dealt with and

according to the best available knowledge.

07
=
h
e
ok
o
@

Therefors, and in order to not changlh
familiar 2/3 figure, the factor:
{
%\ A
0,70

is addead.

The figure 0,70 is to be undarstood as Pr for

air since 211 experimental points given in Fig. Ae1 hava baen

obiained uging air as medium (¥ays & London, Ref. 5.2.1, Page 2)
Yz i

3
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