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Abstrsct-4 is pointed out that the non-uniform temperature changes of a medium, flowing along plate 
fins, resulting from different temperature changes taking place adjacent to the fin base and at the fin tip 
and the heat conductance of the fin in the direction of flow, must not be neglected when dimensioning 
the tinned surface. 

It is shown that with small mass rates of flow, with efficient tin design, or with long tins in the direction 
of flow, as for instance with compact fins having very good heat-transfer coefftcients, tubes finned longi- 
tudinally in an axial direction, etc., such neglect may lead to errors of IO-30 per cent. 

Having evaluated the final results of their investigations by computer, [2-4], the authors present design 
charts in which these effects have been taken into account. 

The authors finally describe a procedure, based on their charts, which enables the results of measure- 
ments on finned surfaces to be evaluated more simply, quickly and accurately than with the usual tin 

efficiency formula which neglects the above effects. 

NO~N~A~~ 

fin dimension normal to flow ; 
fin dimension in flow direction; 

I 201 
m*=Ji,v,; 

value characteristic of the fin design- 
I 2h; 

r=:oG; 

fin thickness ; 
~ordinates of place; x = normal to 
ff ow, y in flow direction ; 

A,, A,, dimensionless numbers- 

A -&3. 
’ - 2a hc' 

A -52. 
” - 2ah;' 

dimensionless number-C = 2; 
e 

C, 

Cl0 

F OS 

part of the thermal capacity of the 
rate of mass flow related to unit fin 
length in direction x ; 
F, = 2h,h, the heat-transfer surface 
of the fin; 

1 = C,h, the thermal capacity of the 
rate of mass flow along the tin ; 
fin base temperature ; 
temperature of the medium at the 
inlet ; 
temperature of the medium behind 
the tin; 
At, = & - Tk,, the warming up of the 
medium ; 
AT, = TO - Tko, the difference be- 
tween the temperature of the medium 
at inlet and the fin temperature; 
logarithmic mean temperature differ- 
ence between fin base and medium ; 
heat transferred to one fin per unit 
time ; 
heat-transfer coefficient between me- 
dium and fin ; 
tin efficiency ; 
dimensionless number, similar to fin 

efficiency E& = Q 
2h,h, AT,or ’ 
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approximate value of the tin efficiency ; 
fin conductance in x resp. y direction ; 
effectiveness ofheat exchanging equip- 
ments ; 

2n - 1 
CO = ___ n where the “n” index 

2 
denotes the serial number in the 
infinite series; 
dimensionless number characterizing 
the themperature changes in the 
medium flowing along the fin, tin 
effectiveness. 

THE RAPID development of chemistry and power 
engineering and the increasingly stringent de- 
mand for compact power machines (gas turbines, 
nuclear drives, etc.) urgently call for high- 
efficiency compact heat exchangers. 

Research work in this field, aims among other 
things, at the design and construction of high- 
efficiency heat exchangers with plate tins and 
laminar flow. 

Such heat exchangers are characterized gener- 
ally by more or less laminar flow of the medium 
along the plate fins, over a relatively long path, 
without mixing. 

Given the heat-transfer coefficient, which in 
laminar flow is relatively easy to determine, the 
heat exchange taking place in plate fins is 
readily calculable by means of the tin efficiency 
concept [l]. When computing tin efficiency, 
it is the phenomena of heat transfer and heat 
conductance which arise along the fin simul- 
taneously, and mutually determine each other’s 
boundary conditions, that are taken into con- 
sideration, but the following factors are 
neglected : 

(1) the heat conductance of the fin in the direction 
of flow ; 

(2) the warming up of the medium along the fin. 
and 

(3) the temperature changes in the fin base. in 
the direction of flow. 

These approximations. however, are inad- 
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missible if heat exchange takes place with the 
medium in laminar flow over a long path without 
mixing-as mentioned above. 

Ad 1. In deriving the relationships to be 
used in the computation of fin efficiency. it is 
always assumed that the fin material conducts 
heat towards the fin base only. But this assump- 
tion holds only if the changes in the temperature 
of the medium flowing along the tin are sub- 
stantially less than the temperature difference 
which produces heat conduction in the fin 
proper. Should, however, the heat-transfer co- 
efficient be very good, the thermal capacity of 
the flowing medium very small, or the fin 
length in the direction of flow relatively large- 
i.e. should the tin be very “deep’‘-then the 
temperature of the medium along the fin will 
undergo a considerable change, and cause a 
corresponding temperature gradient in the fin 
to arise, not only in the direction of the base 
but also in that of the flow. 

Ad 2. Another complicating factor is the 
non-uniformity of the temperature change that 
takes place in the medium: the tin base will 
cause a greater change in the temperature of the 
medium flowing adjacent to it than the fin tip, 
which has a lesser effect on the temperature 
pattern. due to the thermal resistance of the fin. 

Ad 3. A third change-similarly neglected in 
the literature-may occur in the value of the fin 
efficiency on account of the changes in the 
temperature of the fin base in the flow direction. 

It should be pointed out that the above 
simplification, as will be proved also numeric- 
ally, is inadmissible if the tins are relatively 
long and the thermal capacity of the flowing 
medium is low in comparison with the heat- 
transfer coefficient. This is often the case, for 
instance, in tubes with longitudinally arranged 
fins (which are increasingly applied in modern 
heat exchangers). 

For the accurate dimensioning of heat ex- 
changers of the type outlined above, the authors 
have in [24] elaborated a number of relation- 
ships suitable for computing the efficiency of 
plate tins, taking into consideration also the 
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above-mentioned effects. These relationships 
were obtained in the form of infinite series. 

2 
. &)=“J(&) = 

The correction factor related to the tempera- 
ture difference as measured on the inlet edge of of which mxhx will appear below in 
the fin [similar to fin efficiency-for definition [mhlx or, more abbreviated, as mh, 

mxhx (5) 

this form: 
where the 

see equation (16) in more detail] can be cal- index x indicates that when calculating the 
culated, at constant fin base temperature in the “mh" dimensionless value, both the longitudinal 
following manner: fin dimension and the heat conductance of the iin 

where 

%I, &2n and cgn 

are three roots of an equation of the third degree : 

1 + 02A 
s+;s- * “s - 

A 09 
--I!-_- = 0. 
AC 

(2) 
0 

It should be noted that the relationship of E‘ 
to fin efficiency is also specified in the quoted 
papers, likewise at constant tin base temperature : 

C 
E = Cln-. 

c - EL 
(3) 

This paper gives those diagrams for di- 
mensioning which were obtained by the given 
relationships on a digital computer. The dia- 
grams refer to unchanged base temperature. 

The relationship for varying fin base tem- 
perature is already available [4]. Its processing 
by electronic computer is in progress. 

CHART PARAMETERS 

With a view to satisfying practical demands, 
the following values have been chosen for the 
parameters of the charts: 

1. G C=-, 
2ah, 

in direction x must be taken into consideration. 

(6) 

CALCULATION OF FIN EFFICIENCY 

WITH SLOTTED RIBS 

The so-called slotted-fin heat exchanger is a 
special construction among high-efficiency heat 
exchangers. It uses fins heavily slotted in the 
flow direction for better heat exchange. 

Due to the fact that slots perpendicular to the 
flow, cut, as it were, the heat conductance of the 
material in the y-direction, thus fulfilling the 
criterion whereby A, = 0, the value of: 

h, 1, -J h, 12: 
with slotted fins is equal to zero. 

DESCRIPTION OF THE ENCLOSED CHARTS 

The values arrived at by the computation 
have been plotted in the charts, Figs. l-6. On 
their abscissae the C and on their ordinates the 
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FIG. 1. Accurate plate fin efficiency which takes account of the heat con- 
ductance of the fin in flow direction and the non-uniform changes in 

the temperature of the flow medium. 

FIG. 2. Accurate plate fin efficiency which takes account of the heat con- 
ductance of the fin in flow direction and the non-uniform changes in the 

temperature of the flow medium. 
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FIG. 3. Accurate plate tin effkiency which takes account of the heat con- 
ductance of the fm in flow direction and the non-uniform changes in the 

temperature of the flow medium. 

1 
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FIG. 5. Accurate plate fin efficiency which takes account of the heat con- 
ductance of the fin in flow direction and the non-uniform changes in the 

temperature of the flow medium. 

FIG. 6. Accurate plate tin efficiency which takes account of the heat con- 
ductance of the fin in flow direction and the non-uniform changes in the 

temperature of the flow medium. 
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fin efficiency, E, have been indicated, while the 
parameter of the set of curves is the value of 
mh,. 

The value of 

h, 5 
h, 1, J 

is constant within each chart. 
Accordingly, the entire area under examina- 

tion has been encompassed in six charts, whiIe 
fii efhciencies pertaining to values of: 

h, &Y 
hL_ J$_. J 

for which no charts are available, may be 
readily determined by interpolation. 

It should be noted that the charts naturally 
enable the determination of fin efficiencies as 
generally calculated, viz. disregarding heat con- 
ductance of the fin in the flow direction and the 
warming up of the medium, since this way of 
determination may be regarded as the accurate 
fin efficiency related to the value of C = infinite. 

Denoting the fin efficiency calculated in this 
way by cR, in conformity with the well-known 
formula : 

th(mh), 
&R = ____ 

W), ’ 
then, according to the charts given above, 
given the fin geometry (h, length, h, depth and 
u,, thickness); the fin material (one having a heat 
conductance of 1, perpendicular to the flow and 
1, in flow direction); the thermal capacity of the 
heat-transfer medium (C,); and the heat-transfer 
coefficient (a), the accurate fin efficiency can be 
determined. 

It appears from the charts that a given fin 
design will have different tin efficiencies corre- 
sponding to the different modes of operation. 
The points pertaining to these different modes 
of operation are plotted on the chart in a con- 
tinuous curve. 

With a given fin design, so that the geometry 
and material characteristics of the tins remain 

unchanged, the heat-transfer coefficient in most 
cases will be a continuous function of the mass 
rate of flow and with it, of the thermal capacity 
of the flowing medium : 

h,; h,; u,; I constant, and CI =f(C,). (8) 

Consequently, in the accompanying efficiency 
charts, each fin design has its own characteristic 
curve for a given heat-transfer medium. 

THE I~RODU~ON OF FIN 
EFFECTIVITY (q&) 

There is no difficulty whatsoever in intro- 
ducing a parameter related to fin efficiency. 
This parameter is generally defined for heat 
exchangers [S] and known as “effectiveness”- 
denoted by #k (The value of #k we wish to 
introduce, is distinct from the #r, defined for 
heat exchangers, in that our TO stands for the 
temperature of the tin base and not for the 
other heat-transfer medium. If the tem~rature 
of the fin base fairly approximates that of the 
medium flowing on the far side, the two values 
will coincide, This is the case, for instance, when 
the tin transfers heat to gas, while the fin base 
acquires heat from condensing steam or a 
liquid having a good heat-transfer coefficient .) 

I; T 

t 

“7 

1 
hv 

“Y. m 

FIG. 7. Average temperatures of the medium and the fin 
base in the function of the distance from the point of inlet. 

With the denotations of Fig. 7, it may be 
written as a definition that: 

(a&$ (9) 
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It follows furthermore from the delinition 
of the fin efficiency that : 

Q = Ea. F Al&, (10) 

respectively, introducing the thermal capacity 
of the medium : 

Q = &I. AT,. 

Applying (11) to (10) : 

(11) 

aF Goa 
&=&TX (12) 

However, in view of the relation between the 
mean temperature difference and the tempera- 
ture difference at the inlet : 

ATog 1 -=- At, 

ATI To fn[AT’,/(ATo - At,)] 

4% 
= ln[l/U - &J]’ 

(13) 

it may be written that 

1 2ah, _ a2h~~ _ aF, _=-_-_- 
c Ck Ckh, I 

(141 

and 

E 1 
-=ln- 
c 1 - djk 

(15) 

The above will have proved that each (Pk 
value has a straight line in the E - C coordinate 
plane, intersecting the origin. These straight 
lines, in the more illustrative In E - In C diagram, 
transform into a series of parallel fines at 45”. 
The lines have not been plotted in our charts 
but they have been made readily demonstrable 
in a diagram with a scaled border. 

Introducing the & value and scaled border 
in the charts, orientation becomes considerably 
easier, a given temperature pattern having been 
related to each point. 

Let us finally examine briefly, how the value 
of .sL is related to our fm efficiency chart. 

The definition of sL is as follows: 

(161 

Applying (16) to (11) we may write that : 

&pF* = #J&i. (17) 

Finally, taking into consideration also the 
(14) relationship, we may write that: 

EL = (bkC. (18) 

whereby the simple correlation of the & value 
of the fins, “fin effectiveness” and the value of 
.st in relation to the temperature difference at 
the inlet (similar to fin efficiency), have been 
iflustrated. 

DEFINITION OF THE FIN EFFICIENCY AND 

THE HEAT-TRANSFER COEFFICIENT OF 

FIN TYPE HEAT EXCHANGERS FOR THE 

EVALUATION OF EXPERIMENTS 

In evaluating the measurements carried out 
on fin-type heat exchangers, the determination 
of the fin eff%ziency and the heat-transfer 
coefficient are fundamental requirements. In 
the approximate deter~nation of the fin efli- 
ciency from equation (7), this is generally 
satisfied in such a way that the product of the 
heat-transfer coefficient and the fin efIiciency 
is calculated from the measured thermal output 
of the heat exchanger, then the values of the 
heat-transfer coe%cient and fin efficiency are 
determined through iteration, using formula (7). 

Using the charts and the accurately deter- 
mined fin efficiency, not only can the lengthy 
iteration procedure be avoided, but the actual 
value of the heat-transfer coefficients can be 
determined. In the processes follotied so far 
the error of the fin efficiency calculations was 
transposed into the value of the heat-transfer 
coefficient, the measurement having yielded 
the product of these two. 

To facilitate evaluation, let us introduce the 
following variable : 

r=qmh)2 -5% I 2h; 
* - 1, vOhv = F,G; 

(19) 

Its curves were indicated in the charts with 
staggered lines. 
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Now the characteristic values of the measured 
fins are easy to determine, since I may be com- 
puted from the known quantity of the heat- 
transfer medium and the geometric character- 
istics of the fin design, while the value of (bk can 
be determined from the measured temperatures. 

The two values so determined define one 
single point in our chart. This is the one charac- 
terizing the fin design under the given operation 
conditions. Measuring the temperatures under 
various operation methods so as to calculate 
#k, the points plotted in the chart will yield the 
aforementioned characteristic curve of the fm 
design. In its possession both the accurate heat- 
transfer coefficient and the accurate fin efficiency 
can be determined, from each point of the curve. 

In spite of the fact that it takes account both 
of the heat conductance of the fin in the flow 
direction and the warming up of the flow 
medium, the evaluation of the fin design accor- 
ding to this method is considerably easier than 
the usual approximate evaluation according 
to formula (7). This is due to the fact that the 
computation starts from simply produced factors 
{r, #,), derived directly from measurements 

(temperatures, mass rates of flow) and yields the 
actual fin efficiency or the actual heat-transfer 
coefficient from the value of mh, 

THE ERROR DUE TO NEGLECTING HEAT 

CONDUCTANCE IN FLOW DIRECTION AND 

THE WARMING UP OF THE MEDIUM 

The significance and sphere of application 
of the calculation of the accurate fin efficiency 
may be determined by calculating the error of the 
value by means of formula (7), against the 
accurate fin efficiency as derived from the charts. 

Taking the status of the fin to be mh, = 15, 
which is frequent in heat engineering, we have 
illustrated in Fig. 8, as the function of two 
specifically chosen parameters, the percentage 
error caused by the above approximation. The 
figure will clearly show that in several areas 
the magnitude of the error is considerable. 

It can be observed that the magnitude of the 
error increases with the fin depth. This means 
that by larger fin depth the value of the fin 
efticiency can be substantially reduced in com- 
parison to what is ~lculable with the (7) 
formula. 

60 
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IO S/&d-Rb h’ed EYC~ 

0 ? 2 3 4 5 6 7 8 9 IO s-xhr 

FIG. 8. Error due to neglecting the heat conductance in flow direction and the 
non-unifo~ changes in the temperature of the medium [at (mh), = I+]. 
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Let us consider furthermore that the heat- 
transfer coefficient tends to increase according to 
a power of the mass rate of flow, having an 
exponent below l-which permits the con- 
clusion to be drawn that the value of a/C, 
generally increases with diminishing mass rates 
of flow-as shown in Fig. X-the relative error 
will also increase. 

All this is obvious qualitatively, since the cR 
fin efficiency calculable by the (7) formula is 
derived by means of an approx~ation, assuming 
the tem~rature of the flowing medium along 
the fin to be constant. This takes place with a 
zero depth of the heat exchanger, that is, with 
infinite thermal capacity of the flow medium. 

that at given C and (mh), values, the highest 
fin efficiency corresponds to the situation where 
the value of the heat conductance in flow direc- 
tion is zero. This, in other words, means that the 
mere slotting of any kind of plate fms normal to 
the flow, even though it does not modify the 
heat-transfer coefficient, would cut heat con- 
ductance in flow direction, and increase the 
output of the heat exchanger. 

This throws light on a special advantage of 
slotted fins, over and above the improvement of 
the heat-transfer coefficient. 

THE EFFECT OF HEAT CONDUCTANCE ON 
FIN EFFICIENCY IN FLOW DIRECTION 

Figure 1 shows the fin efficiencies (this case 
refers primarily to heat exchangers with slotted 
fins) with zero conductance in the direction of 
flow. It will be interesting to compare the curves 
of Fig. 1 with those in the other five, in which 
heat conductance in the direction of flow, and 
normal to it, coincide. The comparison shows 
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RhmC-On montre que l’on np doit pas nCgliger les changements de tempkrature non-uniforme d’un 
milieu s’Ccoulant le long d’ailettes planes, changements provenant de diffkrentes variations de tem- 
pkrature ayant lieu au voisinage de la base et de l’extrkmitt: des ail&es et de la conductance the-ique 
de ces ailettes dans la direction de l’&coulement, lorsqu’on dimensionne leurs surfaces. 

On montre qu’avec de faibles dtbits massiques, une configuration d’ailetta efftcace, ou de longues 
ailettes dans la direction de l’&coulement, comme par exemple avec des ailettes compactes ayant de trts 
bons coefficients de convection, des tubes avec des ailettes longitudinales dans une direction axiale, etc. ., 
une telle nCgligence peut conduire B des erreurs de 10 B 30 pour cent. 

Les auteurs, ayant &al& les r&ultats tinaux de leurs recherches g&e & un calculateur C2-41, prCsentent 
des diagrammes pour projets dans lesquels on a tenu compte da effets ci-dessus. 

Les auteurs decrivent enlin un pro&d& bask sur leurs d~agrammes, qui permet de calculer les &&tats 
des mesures sur des surfaces avec ailettes plus simplement, plus rapidement et avec plus de pr&ision 

que la formule habituelle d’efticacitk des ailettes ne tenant pas compte des effets dont on a par&. 

Zusammenfassung-Es wird gezeigt, dass ungleichmtissige Temperaturlnderungen eines Mediums das 
entlang ebener Rippen strSmt bei der Dimensionierung der berippten F&he nicht vernHchlLssigt werden 
dilrfen. Sie beruhen auf Temperaturgnderungen nahe dem Rippenfuss und dem Rippenende und auf 
WLrmeleitung in der Rippe in Richtung der StrBmung. 

Es wird gezeigt, dass bei kleinem Durchsatz und wirkungsvoller Rippenauslegung, oder bei langen 
Rinpen in Strijmungsrichtung z.B. in Rippenbiindeln mit sehr gutem Wlrmeiibergang oder kngsgerippten 
Rbhren, diese Vernachl%ssigung zu Fehlem von l&30 Prozent fiihren kann. 

Die Endergebnisse der Untersuchungen wurden mit Hilfe eines Computers ausgewertet [Z-4]. Aus- 
legungsidagramme, welche die erwtihnten Einfliisse beriicksichtigen sind wiedergegeben. 

Schliesslich wird aufgrund der Diagramme ein Verfahren beschrieben wonach die Messergebnisse f% 
berippte F&hen einfacher, schneller und genauer auszuwerten sind als mit der iiblichen Gleichung des 

Rippenworkungsgrades, die obige Einfliisse ve~achl~ssigt. 
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.kHHoTaqm-B CTaTbe yKa3bfBaeTcfl, 'IT0 npM onpe~eneam paanrepoe ope6peHaoii nonepx- 

HOCTM HeJIb3H npeHe6peraTb HepaBHOMepHOCTblO TeMnepaTypHoro pemllMa Cpefibl np&I 

06TeKaHkim EIJIOCKHX pe6ep, BO3HMKalOIUeti B pe3yJlbTaTe pa3JIWHbIX li3MeHeHd TeMIIei'a- 

Typbl y OCHOBaHIlR pe6pa A Ha er0 BepLlIHHe, H TeWlOIIpOBO~HOCTblO pe6pa B HallpaIlJIeIlH~I 

IIOTOKa. 

~OKa33HO,VTO I,pKMaJIblXMaCCOBblXpaCXO~aX,@~eKTIIBHO~ KOHCTpyK~~HHJIll6OiIblllOir 

RJlnHe pe6pa B HanpaBneHm Te-JeHRR (Hanpmep, B cnyqae KOMnaKTHbIX pe6ep, npu 1rpo- 
~OJIbHOM ope6peKm Tpy6 II T.&) TaKOe npeHe6pexteHHe MOFKeT IIpllBeCTH K OllUlr;KWl JO 

lo-30%. 
C yqeTOM BbIUIeyKa3aHHO~O IIOCTpOeHbI rpa#lK&4 RJD-I OnpeneJIeHIUl pa3MepOB I'CfiP~' 113 

OCHOBaHIIII AaHKbIX aBTOpOB [2,3, 41, paCCWTaHHMX Ha BbIWCJlATenbHOti MalIIkiHe. 

HaKOHeq, IlOKa3MBaeTCH, KaK C ItOMOIIIbIO IIpeRJIOmeHHbIX I-pa@lKOB MOWHO 06OFi~l'lTb 

&"Wy"bT"TLd ll3MepeHHti Ha Ope6peHHbtX IlOBepXHOCTflX IlpOwe, 6bIcTpee H TOVEil'?, 'IeM C 

nOMOU[bIO 06bIWOit #OpMyJ,bI nOJleRHOti OTaaW pefipa. 

3D 


