Int. J. Heat Mass Transfer. Vol. 27, No. 10, rp. 1771-1779, 1984

Printed in Great Britain

0017 9310/84 $3.00 + 0.00
Pergamon Press Ltd.

Heat transfer and flow around
an elliptic cylinder

TERUKAZU OTA, HIDEYA NISHIYAMA
Department of Mechanical and Productiun Engineering, Akita University, Akita 010, Japan

and

YUKIYASU TAOKA
Nippon Kokan Corp. Ltd., Yokohama 230, Japan

(Received 17 November 1983)

Abstract— Heat transfer characteristics and fiow behaviors have been made clear for an elliptic cylinder of axis
ratio 1:3. The testing fluid was air and the Reynolds number ranged from about 8000 to 79 000. The angle
of attack o was varied from 0° to 90°. The local and overall heat transfer features are clarified in relation to the
flow behaviors around the cylinder. The critical Reynolds number is- detected, where the heat transfer
and flow characteristics change drastically. It is found that the mean heat transfer coefficient is at its highest at
a = 60°-90° over the whole Reynolds number range studied and also that even the lowest value of the mean heat
transfer rate is still higher than that for a circular cylinder. Effects of the axis ratio of the elliptic cylinder
are also discussed in comparison with previous works.

1. INTRODUCTION

THE EXPLOITATIONS of high performance heat
exchangers for saving and making effective use of
energy is a very important and urgent problem. Among
many types of heat exchangers, those constructed of
circular pipes have been used in many industries. Flow
around pipes, however, is not necessarily normal to the
pipe axis. In such a situation, the cross-section of a pipe
in the flow direction becomes an ellipse. An elliptic
cylinder is a basic and general form, which becomes a
flat plate and also a circular cylinder depending on the
axis ratio. There have been many works on the flow
around elliptic cylinders [1-7] and the flow
characteristics are found to change considerably with
axis ratio and also angle of attack [4-7]. Furthermore,
their drag coefficient at a small angle of attack is lower
than that of a circular cylinder. This may be an
advantageous feature when usingelliptic tubes as a heat
transfer surface element, since the pumping power
needed to flow fluids around them may become very
small.

As far as forced convection heat transfer charac-
teristics of theelliptic cylinder are concerned, there have
been only a few investigations. Eckert [8] and Chao
and Fagbenle [9] made boundary layer analyses. Their
results, naturally, may be applicable only to the
upstream surface of the elliptic cylinder on which a
laminar boundary layer develops. Seban and Drake
[107 and Drake et al. [11] measured the local heat
transfer coefficient on elliptic cylinders of axis ratio 1 : 4
and 1:3, respectively. Their main purpose, however,
seems to consist of confirming an applicability of the

boundary layer theory. The angle of attack examined
by them was limited to 0°, 5° and 6°, and the mean heat
transfer coefficient was not measured. Reiher [12]
reported the mean heat transfer coefficient for an
elliptic cylinder at 0° and 90°, but ite configuration was
obscure. On the other hand, it is reasonable to consider
that the heat transfer characteristics of the elliptic
cylinder vary remarkably with the angle of attack, since
the flow features change greatly, as previously noted.

From this standpoint, the present authors have
conducted an experimental study of forced convection
heat transfer from an elliptic cylinder of axis ratio 1:2
[13]. The local heat transfer features are clarified and it
is found that they are quite different from those of the
circular cylinder. The mean heat transfer coefficient
depends upon the angle of attack along with the
Reynolds number and it is higher than that from
the circular cylinder at all angles of attack over the
Reynolds number range studied. The flow features
around the elliptic cylinder, however, change with its
axis ratio. In accordance with such a change of the flow,
theheat transfer characteristics inevitably vary with the
axis ratio of the elliptic cylinder.

The purpose of the present study is to investigate the
local and overall heat transfer characteristics from an
elliptic cylinder of axis ratio 1 : 3. The angle of attack is
varied from 0° to 90° and the variation of the heat
transfer feature withitisdiscussed inrelation to the flow
behaviors around the cylinder. Furthermore, effects of
the axis ratio of the cylinder upon the overall heat
transfer rate are discussed in comparison with previous
results for acircular cylinder [ 14] and also for an elliptic
cylinder of axis ratio 1:2 [13].
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NOMENCLATURE
2a or ¢ length of major axis of elliptic s surface length from leading edge
cylinder St Strouhal number, fc/U,,
2b length of minor axis of elliptic T temperature
cylinder U,u streamwise mean and turbulent
Cp pressure drag coefficient fluctuating velocities
C, static pressure coefficient, w wake width
(P—P)1pU2 X distance from cylinder axis in
d diameter of circular cylinder of equal direction of upstream uniform flow
circumferential length y distance normal to x-axis.
h local heat transfer coefficient,
g/(T,—T,) Greek symbols
h, mean heat transfer coefficient o angle of attack
Nu local Nusselt number, hc/A Av,p thermal conductivity, kinematic
Nug, mean Nusselt number, h,c/A viscosity and density of air at T,
Nuy,,  mean Nusselt number, h_d/A respectively.
P static pressure
q heat flux per unit area and unit time Subscripts
Re Reynolds number, U, c/v d based on d as reference length
Re, Reynolds number, U_d/v w wall.

2. EXPERIMENTAL APPARATUS AND
TECHNIQUE

The wind tunnel used in the present study is the same
as that employed in previous works by the authors [15,
16], though a circular test section of 254 mm in
diameter and 605 mm long was installed. Two side
plates of 10 mm thick Plexiglas were equipped in the
test section in order to ensure the two-dimensionality of
the flow, their spanwise distance being 150 mm.

The test elliptic cylinder had an axis ratio of 1: 3, its
major axis length being 50 mm and its spanwise length
being 150 mm. It was made of fiber-reinforced plastics
by the same procedure as in the previous work [13].
Heating of the cylinder was conducted by means of an
electriccurrent to a 0.05 mm thick, 29 mm wide stainless
steel sheet, which was wound helically and stuck onto
the cylinder surface. Forty-one copper—constantan
thermocouples 0.07 mm in diameter were embedded on
the cylinder surface in order to measure the wall
temperature. Heat loss by conduction and radiation
was neglected in the following results.

The experiments were conducted under the
condition of constant heat flux. The upstream uniform
flow velocity U,, ranged from about 2 to 22 ms ™! and
the corresponding Reynolds number Re = U, c/v from
about 8000 to 79000. The free stream turbulence

intensity \/u72 /U, was about 0.007 in the above velocity
range. The angle of attack o was varied from 0° to 90° in
order to clarify variations of the heat transfer
characteristics of the cylinder with it. In the present
paper,adenotes aninclination angle of the major axis of
the elliptic cylinder to the direction of the upstream
uniform flow. The mean and turbulent fluctuating
velocities in the near wake were measured with a
constant temperature hot-wire anemometer with a

linearizing circuit. An FFT analyzer was also used to
detect a vortex shedding frequency from output
voltages of the anemometer.

Furthermore, another elliptic cylinder was made and
used in measuring the static pressure distribution along
the cylinder surface in order to make clearer
correlations between the heat transfer and the flow
characteristics. The wind tunnel used was the same asin
our previous work [17], the test section of which was
150 mm wide, 500 mm high and 800 mm long. The test
elliptic cylinder was almost the same as in the heat
transfer study, say the major axis length 50 mm and the
spanwise one 150 mm. However, its surface was not
covered with a stainless steel sheet but had 30 pressure
holes 0.3 mm in diameter. With the intention of
minimizing mutual interferences of the pressure holes,
they were drilled helically on the surface.

The tunnel blockage ratio varied from 0.07 at o = 0°
to 0.20 at « = 90° in the heat transfer study. That in the
measurements of the static pressure ranged from 0.03 at
o = 0°to0.10at o = 90°.In the present paper, however,
no corrections were made for the tunnel wall effects
upon the heat transfer and flow characteristics. In the
preliminary experiments, effects of the heat flux g were
found to be negligible and the position of « = 0° was
determined with detailed measurements of the local
heat transfer and pressure coefficients on the upper and
lower sides of the cylinder at various Reynolds
numbers.

3. EXPERIMENTAL RESULTS AND DISCUSSION

3.1. Heat transfer characteristics
Local heat transfer distributions around the whole
circumference of the elliptic cylinder are represented for
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o = 0°-90° at various Reynolds numbers in Figs. 1-4.

Figure 1 shows the results at « = 0°, which include
previous theoretical and experimental results for
comparison [11, 13]. Itis clear that the symmetry of the
local heat transfer distribution on the upper and lower
surfaces is satisfactory at all the Reynolds numbers. In
the following, the positive value of s is located on the
upper surface of the cylinder. It may be reasonable to
consider that the whole Reynolds number range tested
is included within the subcritical flow region, since the
heat transfer distribution shows no essential change
with Reynolds number. Therefore, the present data are
demonstrated in the form of N u/\/ Re,and they fall into
a single curve on the upstream surface. It implies that a
laminar boundary layer develops on the upstream
surface of the cylinder and the local heat transfer rate is
proportional to the square root of the Reynolds
number, as the boundary layer theory suggests [9, 117].
However, the flow separates at about s/c = +0.7,
which s located a little downstream of the minor axis of
the cylinder, and a dependency of Nu/,/Re upon Re can
be recognized in the separated flow region. That is, the
flow therein is very complicated and may not be
regarded as laminar. It is clear in the figure that the
present data agree with the theoretical data of Drake et
al.[11] rather than that of Chao and Fagbenle [9], who
treated an elliptic cylinder of axis ratio 1:2.96 by
Schubauer [1]. Data of Drake et al. were obtained at
Re = 960000. The difference between the present data
and theirs may originate from compressibility effects of
fluid and an accuracy of the elliptic cylinder, especially
of the leading edge, may also be a factor.

Represented in Fig. 2 are the results at « = 15°. It is
very clear that the local heat transfer distribution
changes drastically at about Re = 44 000. That is, Nu
shows a maximum near the leading edge and steeply
decreases on both sides of the cylinder with increasing
the surface distance. On the lower (or the pressure)
side, Nu reaches a minimum at about s/c = —0.9
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independently of the Reynolds number. However, on
the upper (or the suction) side, at Reynolds numbers
greater than about 44 000, Nu becomes a minimum at
s/c = 0.3. Thenitincreases rapidly, reaches a maximum
at about s/c = 0.5 whose value is nearly equal to the
maximum near the leading edge and subsequently
decreases again to the downstream. Such a charac-
teristic variation of the local Nusselt number may be
originated from a generation of the so-called separation
bubble [18, 19], whose existence was confirmed with
thesurface oil flow pattern. That is, a laminar boundary
layer separates at s/c = 0.3, a separated shear layer
transits to a turbulent one, which subsequently is
reattached onto the cylinder surface at about s/c = 0.5.
After that a turbulent boundary layer develops in the
neighborhood of the trailing edge without separation.
Similar variation of the flow and heat transfer features is
observed for a circular cylinder at the critical Reynolds
number [20]. Therefore, in the present study on the
elliptic cylinder, the critical Reynolds number Re,
exists, at which the flow and heat transfer
characteristics vary drastically. It is found that the
critical Reynolds number changes with the angle of
attack. Its value is a minimum around « = 10° and
increases at both lower and higher values of a.
Variations of the flow around the cylinder at the critical
Reynolds number are represented in the following. On
the other hand, at a Reynolds number lower than
Re,, the laminar boundary layer separates at about
s/c = 0.2-0.3 and the heat transfer rate in the separ-
ated flow region is quite low.

Figure 3 shows the results at « = 30°. Nu attains a
maximum at about s/c = —0.05 and its characteristic
feature in the separated flow region is very similar to
that for « = 15° in the subcritical flow regime. An
increase of the angle of attack brings on a decrease of the
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flow velocity oncoming to the upstream surface of the
cylinder. Furthermore, the wake width is relatively
¢emall and then, in the separated flow region, a
transversal motion of the fluid may be suppressed. It
results in a low heat transfer rate on the whole
circumference of the cylinder. Such a behavior of the
local heat transfer brings about a low value of the mean
heat transfer coefficient at o« = 30° over the whole
Reynolds number range examined, as de.nonstrated
later.

Represented in Fig. 4 are the results at o = 90°. It is
very interesting to note that Nu is a minimum at the

upstream stagnation point (say s/c = —0.35), and
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increases with the surface distance because of an
acceleration of the flow outside the boundary layer. The
laminar boundary layer developing on the upstream
surface may be regarded to separate in the
neighborhood of the leading and trailing edges. Even
under such a flow situation, the local heat transfer
coefficient shows no minimum around the separation
point. Nu furthermore increases with the surface
distance and reaches a maximum at the downstream
stagnation point. An angle of attack of90° brings about
a much wider wake behind the cylinder and the
transversal motion of the fluid is very violent therein.
Consequently the cylinder surface is washed out
frequently by the fluid entrained from the main flow. It
may result in a very large value of Nu as shown in the
figure.

These results on the local heat transfer for the elliptic
cylinder may suggest that it is very difficult to estimate
the flow feature from oaly the local heat transfer one,
e.g. the position of the flow separation.

Figures 5 and 6 show typical examples of a variation
of the mean Nusselt number with the Reynolds number.
Represented in Fig. S are the results at o = 0°. Itis clear
that Nu, increases almost linearly with Re in
logarithmic scale, and an empirical formula obtained
with the method of least squares is included in the
figure. In general, Nu,, is expressed in the form

Nu,, = A Re". 1)

Values of n and A change naturally with the angle of
attack and are summarized in Table 1. Data scatter at
other angles of attack is of the same order as that at
o = 0°in Fig. S.

On the other hand, in the case of & = 15° shown in
Fig. 6, the critical Reynolds number exists and the local
heat transfer feature changes drastically there, as
described above. Therefore, Nu,, also changes at Re,
and two empirical formulae are obtained depending on
the subcritical or the supercritical Reynolds number
region, as included in Fig. 6. An increasing rate of Nu,,
with Re is large in the supercritical flow regime, since
the separation bubble originates and the turbulent
boundary layer develops on the downstream surface of
the cylinder.
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It is very interesting and important to investigate a
variation of Nu_, with «, since the flow and local heat
transfer characteristics change with the angle of attack,
asalready demonstrated. Figure 7shows such results. It
is clear that Nu,, does not increase monotonically with
. In the low Reynolds number region of Re < 10000,
Nu,, shows no essential change in the region of o = 0°—
30°. Beyond a = 30°, it increases with « and again
shows no essential variation from & = 60° to 90°. On
the other hand, in the region of Re > 30000, as a
increases from 0°, Nu_, first increases and reaches a
maximum around &« = 10°~15°. Then it decreases and
attains a minimum at about « = 20°-30°. Subsequently
it increases once again and finally shows no essential
change in the region of « > 60°, where Nu,, becomes a
maximum over the whole Reynolds number range
studied. As described previously in relation to the
results at & = 30°, in the region of « = 20°-30° a
decrease of the oncoming flow velocity to the upstream
surface of the cylinder brings about a relatively low
value of Nu therein. Furthermore, in the separated flow
region, Nuis not so high since the transversal motion of
fluid may not be so severe as in the case of « > 45°.
These facts may result in the lowest value of Nu,, at
o = 20°-30°.

To estimate the heat transfer capability of the elliptic
cylinder compared to that of cylinders of various cross-
sections, it is important to select an appropriate
reference length in both Nusselt and Reynolds

Table 1. Effect of angle of attack on n, 4 and A4".

o (deg.) n A A

0 0.539 0.546 0.466
15* 0.492 0.839 0.705
15% 0.610 0.278 0.243
30 0.461 1.178 0.979
45 0.532 0.700 0.596
60 0.546 0.684 0.585
75 0.549 0.671 0.575
90 0.548 0.671 0.574

*8000 < Re < 44000 or 5700 < Re, < 31200.
44000 < Re < 79000 or 31200 < Re,; < 56 000.
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numbers. Itis reasonable to regard the circular cylinder
as the most basic and frequently used configuration in
engineering. Accordingly selected in the present study is
a diameter d of an equivalent circular cylinder, whose
circumferential length is equal to that of the present
elliptic cylinder. d can be calculated by

d = (QE'[r)c

where E’(k) is an associated complete elliptic integral of
the second kind and k? = 1—~(b/a)?. Accordingly the
empirical formula equation (1) can be transformed into

Nu,, = A'Ré. ?)

Values of A’ are represented in Table 1.

All the results are summarized in Fig. 8, in which the
data points are omitted for clearness and their scatter is
of the same order as in Figs. 5 and 6. Reiher’s result at
o =0° is included for reference but the exact
configuration of his elliptic cylinder is obscure. On the
other hand, there have been published so many data on
the circular cylinder but their mutual difference is not

Reiher
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B (Circutar cylinder) /

o lngNUmdN
[

4.0 45
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F16. 8. Effect of angle of attack on mean Nusselt number and
comparison with previous data.
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small [21]. In this study, a well-known empirical
formula by Hilpert [14] in the region of 4000 < Re,
< 40000 is referred to as a typical one. A correlation
proposed recently by Morgan [21] is almost equal to
that of Hilpert in the same range.

The present data at @ = 0° are in relatively good
agreement with that of Reiher but not at « =90°, though
his results at & = 90° are omitted. In the low Reynolds
number region, the results at o = 0°-30° are almost
equal to each other. In the high Reynolds number
region beyond the critical one, however, Nu,, at
o = 30° is the lowest. On the other hand, Nu_, at
o = 60°-90° is in good agreement and is the highest over
the whole Reynolds number range examined in the
present work. It is clear that all the results of Nu,, for
the present elliptic cylinder, even the lowest one, are
higher than those of Hilpert. In accordance with these
facts, as far as the heat transfer capability is concerned,
the elliptic cylinder of axis ratio 1: 3 studied is superior
to the circular cylinder.

The flow and heat transfer characteristics of the
elliptic cylinder varies with its axis ratio b/a. Though
there has been little information on the overall heat
transfer rate of the elliptic cylinder, an attempt is made
to investigate effects of the axis ratio on it referring to
the previous data on the elliptic cylinder of axis ratio
1:2 by the authors [13] and also those on the circular
cylinder by Hilpert noted above. Figure 9 shows
representative examples. Nu_, of the elliptic cylinder
varies with both Re, and a. It is clear that in general,
Nu,, increases with an increase of the ratio a/b, at least,
in the region of 1 € a/b < 3 but an increasing rate of
Nu,,froma/b = 2to3issmaller thanfroma/b = 1to2.
However, it is to be noticed that the difference of
published data on the circular cylinder is relatively
large as described above.

3.2. Flow characteristics

Representative examples of the static pressure distri-
bution along the cylinder surface are demonstrated
in Fig. 10, which shows the case of Re = 48000

100

a’b

F1G.9. Variation of mean Nusselt number with axisratio. Data
at a/b = 1 by Hilpert.
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included in the subcritical flow regime. Needless to
say, the pressure distribution varies with the angle
of attack. That is, the upstream stagnation point shifts
downstream from the leading edge at o = 0° to the
minor axis at o« = 90°, and the base pressure decreases
with an increase of a. It can be detected that at large
angles of attack such as 60° and 90°, the upstream
separation point almost coincides with the leading edge
and the pressure inside the separated flow region is very
low. Such a low pressure and a large wake downstream
of the cylinder may bring about a violent motion of fluid
therein and it results in a very high heat transfer rate as
demonstrated previously.

Figure 11 shows the results at x = 15°. At low
Reynolds numbers, the flow separates in the laminar
state at about s/c = 0.2 on the upper surface and the
pressure inside the separated flow region is constant, in
essence. However, over the critical Reynolds number, a
laminar boundary layer separates at about s/c = 0.3,
reattaches onto the surface at about s/c = 0.5 and
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subsequently a turbulent boundary layer develops down-
stream. Finally the flow separates at about s/c = 1.0
forming a very narrow wake compared to that at the
subcritical Reynolds number. Such a feature of the
pressure distribution around the surface corresponds
well to that of the local heat transfer distribution as
represented in Fig. 2.

The pressure drag coefficient Cp is determined
numerically from those pressure distributions. Inserted
into Fig. 7 is a typical example of a variation of Cp, with
o at a subcritical Reynolds number, say about
Re = 48000. It is to be noted that the present value of
Cp is based upon the major axis length ¢ as the refer-
ence length. Cp, is about 0.12 at a = 0°, increases almost
monotonically with « and finally reaches 1.8 at o = 90°.
In the supercritical Reynolds number region, as «
increases from 0°, Cp, decreases gradually and reaches a
minimum of about 0.05 around 15°. Subsequently it
increases discontinuously to a value at the subcritical
Reynolds number, though such results in the
supercritical flow regime are not shown in Fig. 7 for
clarity.

Furthermore, in order to clarify the correlation
between the flow and heat transfer features around the
elliptic cylinder, the streamwise mean and turbulent
fluctuating velocities were measured in the near wake at
a = 15°, and the results are shown in Fig. 12. The
corresponding wake width W and also the Strouhal
number St are exhibited in Fig. 13. As described
previously, over the critical Reynolds number, on the
upper surface of the cylinder, the laminar boundary
layer transits to the turbulent one and the separation
point shifts far downstream compared to that at the
subcritical Reynolds number. Accordingly the wake
formed behind the cylinder is very narrow, as clearly
shownin Figs. 12 and 13. In the present paper, the wake
width is defined as a distance between points of
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F1G. 12. Streamwise mean and turbulent fluctuating velocities
in near wake.
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maximum turbulence intensity. The Strouhal number
increases discontinuously at the critical Reynolds
number, as found in Fig. 13. It says that over the critical
Reynolds number, the vortex is shed more frequently
and it may bring about a high heat transfer rate on the
upper surface of the cylinder as shown in Fig. 2.

3.3. Discussion

The side walls of a wind tunnel influence the flow and
heat transfer characteristics of bodies tested therein. In
the present heat transfer study for the elliptic cylinder,
the blockage ratio is the smallest at « = 0°, 0.07, and
the largest at « = 90°, 0.20, respectively. As far as the
present authors know, there are no works on the
correction rule for the blockage effect upon the heat
transfer characteristics of the elliptic cylinder. An
attempt, however, has been made to correct such an
effect by following the correction formula of Hiwada
[22] for the circular cylinder. The correction of Nu,, or
Nu,,, is found to be less than 1% for « = 0° and about
6.6%, for a = 90°, which is the largest in the present
study. Accordingly it may be said that the tunnel wall
effect is not severe for the present data.

The critical Reynolds number Re, found in the heat
transfer study is about 44000 at « = 15° as noted
previously. However, measurements of the pressure
distribution reveal that it is located at about 90000.
Such a difference of Re, between the heat transfer and
flow measurements may be originated from several
factors. First of all, the cylinder tested in the heat
transfer study is covered by a stainless steel sheet and
then it produces a roughness on the cylinder surface. It
is well known that the surface roughness lowers
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considerably the critical Reynolds number of the
circular cylinder [23]. Furthermore, the tunnel walls
also influence Re.. The increase of the blockage ratio
decreases Re. [24]. These two factors may be most
important for the difference of Re, in the two
experiments. However, it may be inferred that the
accuracy of the elliptic cylinder has delicate effects upon
Re,. The free stream tuibulence intensity and its
intez al length scale are also factors for such differences
‘n Re,.

The pressure drag coefficient of a circular cylinder
Cpg based on its diameter is 1.1-1.2 in the subcritical
Reynolds number region [23]. On the other hand, Cp,
of the present elliptic cylinder based on the equivalent
diameter d changes from 0.17 at « = 0° to 2.57 at
o = 90°. An increasing rate of Cp, or Cp, with a, how-
ever, is not large at small angles of attack, say a < 20°,
as shown in Fig. 7. In consideration of these facts along
with the present data on the mean heat transfer
coefficient demonstrated previously, the elliptic
cylinder of axis ratio 1: 3 examined in the present stuc. ;
may be said to have a higher heat transfer ability and a
tower fluid dynamic drag compared to the circular
cylinder, when the elliptic cylinder is operated at 2
relatively low angle . [ attack, say o < 20°.

4. CONCLUDING REMARKS

Heat transfer and flow characteristics of an elliptic
cylinder naving an axis ratio 1:3 are clarified through
wind tunnel experiments. The Reynolds number range
examined is from about 8000 to 79 000, and the angle of
attack is varied from 0° to 90°.

The local heat transfer features are quite different
from those of a circular cylinder. It is found that the
critical Reynolds number exists, over which the heat
transfer behaviors change drastically and its value
varies with the angle of attack. The correlations
between those heat transfer characteristics and the
flow around the cylinder are made clear through
measurements of the static pressure on the cylinder
surface and also of the mean and turbulent fluctuating
velocities in the near wake.

The dependency of the mean heat transfer coefficient
upon the angle of attack and the Reynolds number is
clearly represented. Nu,, is a maximum at ¢ = 60°-90°,
and a minimum at o= 0°-30° at low Reynolds
numbers but at« = 20°-30° at high Reynolds numbers.
However, even the minimum value of Nu, for the
elliptic cylinder is still higher than that for the circular
cylinder of equal circumferential length. Furthermore,
the pressure drag coefficient of the former is lower than
that of the latter, say about 1/3 to 1/7 in the region of
o < 20°. Therefore, the elliptic cylinder of axis ratio
1:3 exhibits a superior feature of higher heat trans-
fer capability and lower fluid dynamic drag than the
circular cylinder, when the elliptic cylinder is operated
at a small angle of attack.

Effects of the axis ratio of the elliptic cylinder uponits
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mean heat transfer ability are also investigated through
a comparison with previous results for a circular
cylinder and an elliptic cylinder of different axis ratio. It
reveals that an increase of the ratio a/b promotes the
heat transfer ability at least in the range 1 < a/b < 3.
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TRANSFERT THERMIQUE ET ECOULEMENT AUTOUR D'UN CYLINDRE ELLIPTIQUE

Résumé— Les caractéristiques du transfert thermique et le comportement de 'écoulement sont clarifiés pour
un cylin_re eluptique de rapport d’axe 1: 30. Le fluide étudié est I’air et le nombre de Reynolds varie entre 8000
environ et 79 000. L'angle d’attaque o varie de 0° 4 90°. Les allures de transfert thermique locaux et globaux
sont comprises en relation avec les structures de 'écoulement autour du cylindre. Le nombre de Reynolds est
décelé, et pour lequel les caractéristiques de convection et d’écoulement changent fortement. On trouve que le
coefficient de transfert moyen estle plusforta o« = 60°-90° pour tout le domaine de Reynolds étudié et aussi quo
la plus faible valeur de transfert thermique est plus élevée que celle pour un cylindre circulaire. On discute aussi
des effets du rapport des axes de lellipse, en comparaison avec des travaux antérieurs.

WARMEUBERGANG UND STROMUNG IN DER UMGEBUNG EINES
ELLIPTISCHEN ZYLINDERS

Zusammenfassung—Das Verhalten von Wirmeiibergang und Stromung in der Umgebung eines elliptischen
Zylinders mit einem Achsenverhéltnis von 1:3 wird dargestellt. Das bei den Untersuchungen verwendete
Fluid war Luft. Die Reynolds-Zahl lag im Bereich von 8000 bis 79 000. Der Anstromwinkel « wurde von 0° bis
90° variiert. Der ortliche und der mittlere Warmeiibergang wird abhéngig vom Stromungsverhalten um den
Zylinder beschrieben. Es wird die kritische Reynolds-Zahl bestimmt, bei der sich das Verhalten von
Wirmeiibergang und Strémung stark dndern. Der mittlere Warmeiibergangskoeffizient hat seinen
Hochstwert bei « = 60° bis 90° tiber den gesamten untersuchten Reynolds-Zahl-Bereich. Der kleinste Wert
des mittleren Wirmeiibergangskoeffizienten ist sogar noch gréBer als fiir einen Kreiszylinder. Einfliisse des
Achsenverhaltnisses des elliptischen Zylinders werden im Vergleich mit friitheren Arbeiten diskutiert.

TEIUVIOOBMFH U TMAPOJUHAMHUKA MPH OBTEKAHUH SJJIUIITUYECKOTI O
LHHWJIUHIPA

AnnoTanus—OnpeeeHbl XapaKTePUCTHKH TENJIONEPEHOCd W TeHeHUs [UTS JUTMITHYECKOTO UMIMHAPA
¢ oTHoweHHeM ocei |:30. MccneaoBanus npoBOaMIIMCE C BO3AyXOM B AWana3oHe 4yucen Peiinonbaca
ot 8000 xo 79000. Yron Hak/i1oHa UMAMHAPA X W3MeHsIcs 0T 0 10 90 . XapaKTePHCTHKH JIOKAJILHOIO
H CYMMdpPHOTO TEMJOINEPEHOCA ONPEAENATHCE B 3dBUCHMOCTH OT peXMMa OOTEKaHHs LMIMHApA.
Haiineno kputuueckoe 4ncio PeiHOMbACA, NPH KOTOPOM MPOMCXOJMT PE3KOe U3IMEHEHHE NapaMeTpoB
TENJIONEPEHOCA W TEHEHHs. YCTAHOBJIEHO, YTO BO BCEM HCCJEAyeMOM aMana3oHe 4ucen PeitHonbaca
npu % = 60-90 cpeaHui Ko3bOGHILMEHT TENJIONEPEHOCA OOCTUrAeT HAMOOJILILIErO 3HAYEHHA, a TAKXKe,
YTO [JdX€ HAMMEHBLUEE 3HA4YCHHE CPe/IHEH HHTEHCHBHOCTH TENJIONEPEHOCA UKA3BIBAETCH BbILLIE COOTBET-
CTBYIOUIETO 3HAYEHHUS 18 cayyas obTexanusa Kpyrioro LWIMHApPA. OOCy)kaaeTcs poib OTHOLLEHHS oceil
WITMIITHYECKOTO UM/MHAPA B PACCMATPHBAEMbBIX NMPOLECCAX H NPOBOAMUTCH CPABHEHHE C PE3YJIbTATAMH
apyrux pabot.



