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Abstract—In this paper, steady laminar forced convection and radiation heat transfer in the entrance
region of an internally finned semicircular duct are analyzed. The fins are continuous and longitudinal,
with zero thickness. The thermal condition imposed on the semicircular duct is of uniform temperature,
both axially and peripherally. The three-dimensional energy equation is discretized and solved numerically
by the method of lines (MOL). The method of momentum (MOM) is employed to consider the radiation
contribution, which models the radiation in the partial differential equation, instead of the partial integro-
differential equation. The resulting equations, based on coarse grids, are numerically computed, using a
Runge-Kutta subroutine. The effect of five major parameters on the thermal behavior in the entry region
of the semicircular duct is discussed: radiation-conduction, N; optical thickness, 7,; wall emissivity, &, ;
number of fins, M ; and ratio of fin height to duct radius, H. The variations in the mean bulk temperature
and total Nusselt numbers show that heat transfer is enhanced in this geometry by both thermal radiation
and fins.

INTRODUCTION

RADIATION—cOnvection interaction problems with
internal fins are found when considering the cooling
of high temperature components and furnace design
in which heat transfer occurs by parallel radiation and
convection.

This study deals with the analytical/numerical solu-
tion of combined radiation and convection in the ther-
mal entry region of the semicircular duct with internal
fins subjected to a uniform wall temperature (Fig. 1).
A survey of literature by Eckert er al. [1-3], Kakac et
al. (4], Shah and London [5], Soloukhin and Mar-
tynenko [6], and Martynenko [7], indicates that sig-
nificant attention has been devoted in recent years to
the investigation of combined radiation and laminar
forced convection in a duct of circular or non-circular
geometry. However, these investigations, along with
Pearce and Emery [8], Echigo et al. [9], Yener and
Fong [10], Hu and Chang [11], Nandakumar and
Masliyah [12], Soliman and Feingold [13, 14], Soli-
man et al. [15], Prakash and Patankar [16], Prakash
and Liu [17], and Rustum and Soliman [18, 19], have
been restricted to situations that either do not account
for internal fins, or the simultaneous effects of forced
convection and radiation in the thermal entrance
region of ducts where the flowing medium is a par-
ticipating gas. Ome study related to the present
problem, but restricted to a circular pipe under iso-
thermal wall conditions, was carried out by Campo
[20]. Various methods have been applied by this inves-
tigation to consider the cases of longitudinal fins for
both steady-state and transient conditions. The Ritz
method is applied in the steady-state case, while the

Kantorovich method is applied to obtain the transient
solution, assuming that the fin temperature profile
is the product of a polynomial in position and an
unknown function of time. The form of the poly-
nomial position is evaluated from the steady-state
condition. Comparison with numerical solutions
shows good accuracy. Accordingly, in this type of
problem, the energy and radiation transport equa-
tions must be solved simultaneously in order to deter-
mine the temperature profiles and heat transfer rates.

The radiative contribution in the present paper has
been modeled by the method of moments (MOM) in
two-dimensions, wherein the radiative transfer equa-
tion (RTE) is expressed in differential form [21]. The
salient feature of this approach is that the RTE
accounting for gray gas behavior is of an elliptic type,
and consequently, may be accommodated into a gen-
eral diffusion—convection type of equation. This
approach also provides an additional conservation
equation for irradiation.

Inlight of the foregoing, the resulting system of four
partial differential equations is amenable to numerical
analysis by employing the method of lines (MOL)
[22]. According to this method, the transversal deriva-
tives are replaced by finite difference formulations,
and correspondingly, the region of integration is div-
ided into a collection of lines parallel to the axial
coordinate. It is widely known that the retention of
equal transversal intervals in the presence of irregular
boundaries constitutes a complicating feature requir-
ing special equations for nodes in its neighborhood
[23]. To prevent this complication and difficulty, a
two-dimensional grid in the cross-stream direction is
constructed in such a manner that the dividing lines
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NOMENCLATURE

A cross sectional area [m?] w generalized dependent variable
C factor defined by equation (12) X dimensionless axial coordinates,
C,  specific heat [Jkg™' K™ '] (Dija*)x* ;
Dy, hydraulic diameter of duct [m] x, x* dimensional and dimensionless axial
f friction factor coordinate, x* = x/(D, Pe).
G total irradiation [W m™ %) "
G*  dimensionless value of G, equation (9)
H relative height of fin, Z/r, Greek symbols o |
k thermal conductivity of fluid @ thermal diffusivity of fluid [m*s™']

[Wm 'K B cxtmctl(.)n.cc.)efﬁcwnt (m ']
L characteristic length of the duct, r, [m] By wall emlssmty’
M number of fins 0 angular coordinate
W mass flow rate of fluid [kg s~ '] K VOILIII.IGII'IC absqrptlon coefficient [m '}
N radiation—conduction parameter, A funCtIO}'l ’ e.quat.l on (16) .

equation (9) u dynamlc{ viscosity of ﬂu@ [kgm 's']
Nu;  total Nusselt number, equation (21) Y kmerpatlc v159051ty of Q“‘d (m*s]
Nu,,+ mean Nusselt number, equation (22) P density of fluid [kg m™"]
P perimeter [m] G Stefar}szoltz“mann constant
p pressure [kN m 7] W m I.<7 ] .
Pe Peclet number, Re Pr Th optlcal thickness, equation (9)
Pr Prandtl number, v/ ¢ dimensionless temperature.
q.  wall heat flux [W m~ 7]
R dimensionless variable, r/r; Subscripts
r radial coordinate b mean bulk
Re Reynolds number, #D, /v C conduction
T temperature [K] € entrance
u, U dimensional and dimensionless velocity R radiation

of fluid, u/a ref reference
i, U dimensional and dimensionless mean T total

velocity of fluid w wall (circumferential).

o = w/(M+1)

M = Number of fin

F1G. 1. Coordinate system for semicircular duct.

coincide with the irregular boundaries, resulting in
equal or unequal transversal intervals. The partial
differential equations are replaced by a system of ordi-
nary differential equations of the first order (the inde-
pendent variable is the axial coordinate), coupled to
a system of algebraic equations. In the former, the
temperature is the dependent variable, while in the
latter, irradiation is the dependent variable. The
numerical solution of this non-linear system may be
readily obtained using Runge-Kutta and TDMA-like
algorithms.

In this paper, the hybrid methodology (MOL) has
been tested for ducts of semicircular cross section with
longitudinal fins for several different geometries. The
test is for three and seven fins within the semicircular
duct, each with a relative fin height of 0.3 and 0.6,
respectively. The solutions have been obtained in

terms of the distribution of the mean bulk temperature
and the total Nusselt number. The computed results,
in the absence of radiation, are compared with ref.
[24] and excellent agreement is observed.

It is believed that the availability of such hybrid
solutions is important for the analysis and design of
high temperature heat exchangers having ducts with
semicircular cross sections and streamwise internal
fins.

STATEMENT OF THE PROBLEM

The problem to be investigated is that of fully
developed laminar combined radiation and forced
convection through the internally finned, semicircular
duct as shown schematically in Fig. 1. The fins are
straight, continuous, and distributed equally around
the tube circumference. The thickness of the fins is
negligible. A uniform temperature prevails at all
points on the fins and the semicircular duct wall. The
fluid properties are constant. The participating gas is
gray, emitting, absorbing, and nonscattering. Viscous
dissipation, heat conduction and radiation in the axial



Convective-radiative heat transfer in the thermal entrance region of the semicircular duct

direction are negligible. Finally, the pressure gradient
is the only function of the axial direction.

Governing equations

Under the foregoing assumptions, the equations
governing the problem are:

Momentum equation.

1o
r or r@r +

where x, r, and 0 are the axial, radial, and angular
coordinates of the duct, respectively. Additionally,
u is the dynamic viscosity and dP/dX the pressure
gradient in the axial direction. Equation (1) can be
written in dimensionless form as

Lo lam

2u* 1 ou* 1 0%u*
R RR TR T 0 @
where
2(—dpP
u*={¢4@}u, Rl )
H T

The boundary conditions are:

w=0 @ R=1

n
—H)S R, 0=——=
(I-H)< R M+1)
0<R<I1, 6=0, = “
and
Ou*
= < < _ ,
% 0 @ 0LKR<(1-H)

0= g— (for odd number of fins) (5)

where the definitions for the pressure gradient, dP/d X,
and the hydraulic diameter are the same as those given

in ref. [24].
The energy equation.
6T_k o°T 10T 1 9°T
et =\ e TR o

+x(G—46T*). (6)

The second term on the right-hand side of equation
(6) corresponds to thermal radiation, where « is the
total volumetric absorption coefficient, ¢ the Stefan—
Boltzmann constant and irradiation, G, is given by

2°G 190G 1 9*G 4
-z ;57+;2'W=3ﬂx(0—40'7" )y (D

where f in equation (7) represents the extinction
coefficient for a non-scattering gas

B=x. @®)

By introducing the following dimensionless vari-
ables and parameters :
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u T
U“E’ ¢—T;
r nD?
R=0 D= G¥oDramE
D x uD,
= == Pe=R
72 D, Pe’ Re o e e Pr
46T3 G
N=""* 1 =xa, G* ©)

kx T 46TE

Energy equations (6) and (7) can be written in dimen-
sionless form as

0 _ (¢ 108 10
X “|O0RZ T ROR ' R? 87

+CN2(G*—¢*)  (10)
and
PG* 1G* 19G* ., . .,
kT TRaR TR e - w@ ) gy
where

4

Di (12)

C= 2rtu*(f Re)’

The applicable boundary conditions for equation (10)
are

¢=1 @ R=1, 0o
(I-H)<R<1, §=—1"
M+1)
0<R<I, 0=0, = (13)
and
%:o @ 0<R<(—H), 0=g

and at the entrance region (X = 0), ¢(R, 8, 0) = ¢..
The irradiation equation (11) is also subjected to
the following boundary conditions :

oG*
R ~ 3 T(GE=1) (14
@ R=1, 0<b<nm
n
—H)<R<1, 0=—7—
@ (1-H)<Rxl1, ¢ M
@ O0<R<LI, 0=0, = (15)
Also
0G* n
where in equation (14)
Ew
b= 16

and g, is the emissivity of the wall.
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EXPRESSIONS FOR THE COMBINED
NUSSELT NUMBER

The thermal characteristics of fluid flow inside any
duct may be represented by the dimensionless bulk
temperature as

</>sz Ud)dA//'J UdA. (17)
A ! A

In the case of combining convective and radiative
heat transfer, the total Nusselt number is related to
the total heat flux through the wall

Nitg = 4D (18)
k(Tw - Tb)
where
q - qwc +qu

Here, ¢, and ¢, represent the contributions of con-
vective and radiative heat transfer, respectively. There
are two ways to determine ¢,,. One way is to calculate
directly the heat flux in terms of the total and mean
Nusselt numbers as follows :

oo "
[26’1 —4NL(GE - 1)]
Nty = = e (19)
JNuT dx
Num,‘l =TT (20)

Nur and Nu, ¢ can also be calculated by considering
the first law of thermodynamics. Since heat transfer
in the duct wall between two axial locations is equal
to the energy change in the two cross sections [25]

1 d¢,
and
Ni = vl In (¢ (22)
UnT ax n (@)

Equations (19) and (22) are used in computing the
total Nusselt number.

NUMERICAL PROCEDURE

A numerical method is necessary to solve the non-
linear problem under consideration. Accordingly, the
system of equations (10) and (11), subject to the
boundary conditions expressed by equations (13)-
(16) is numerically solved by combining the MOL and
the fourth-order Runge—Kutta algorithm.

The temperature distribution, ¢(R, 8, X), has been
determined by the hybrid MOL using uniform grids.
The MOL has been described by Liskovets [22] as a
solution technique that transforms a partial differ-
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M=3
H = 03
Ar= 0.1

Length of Fin
No. of lines

0.~-1)

FiG. 2. Coordinate system for semicircular duct with M = 3
and H = 0.3.

ential equation into an appropriate system of ordinary
differential equations for a parabolic PDE involving
three independent variables, as in equation (10). The
region of integration may be divided into lines parallel
to the axial coordinate, X. Accordingly, the axial
derivative, d¢p/0X, remains continuous, while the rad-
ial and angular derivatives, 0°¢/dR* and 8%¢/06°, are
replaced by finite difference formulations using values
of unknown quantities on the same line and on
neighboring lines, Figs. 2 and 3. Hence, this simple
mathematical concept generates a system of ordinary
differential equations of the first order where the
dependent variables are described along each line in
terms of a single independent variable, X. It may,
therefore, be readily solved numerically employing
a standard Runge-Kutta algorithm using the finite
difference method. The partial differential equations
for G*, equation (14), can be discretized into an
associated system of algebraic equations. Therefore,
this system is carried out at each axial station, X, using

3
0.6
01

e Length of Fin
— — No. of lines

/N
L‘L716

5
lsf7 X198 )
lof 2\7 20 g\z \35)\’34\ |
/5%\2,53716 L

2% 90

Fi6. 3. Coordinate system for semicircular duct with M = 7
and H = 0.6.
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an adaptation of the Gaussian elimination algorithm
for the numerical determination of G* at each cross
section.

DISCUSSION OF RESULTS

The problem investigated in this paper deals with
combined radiative and forced convection heat trans-
fer in the entrance region of a semicircular duct with
longitudinal internal fins. The mean bulk temperature,
¢», equation (17), and the total Nusselt number, equa-
tion (19), are computed numerically using the MOL
and MOM. The problem contains several parameters :
optical thickness, 7, ; radiation—conduction, N; wall
emissivity, &, ; number of fins, M; and relative fin
height, H. Numerical solutions were generated for
a variety of combinations for the above-mentioned
parameters. All computations were conducted on a

£,= 1.0
1.0 T, = 5.0
M=3 H=D03
0.8 M=3 H=06
M=7 H=03
cpb 0.6. M=7 H=06
0.4
N3
0.2
O‘Dr T T >
1073 1072 10"
X

FiG. 4. Effects of conduction—radiation parameter, number
of fins, relative fin heights on mean bulk temperature.

[}
o
Py =]

Hunan
NNWL
ITIXI

[/ ]
copo
L XK X7

Fi1G. 5. Effects of conduction—radiation parameter, number
of fins, and relative fin heights on the total Nusselt number.

N=3
1.0 &= 1.0
== = 05
i M=3 H=03
0.8 \/\ M=3 H=06
M=7 H=03
Q’b 0.6 ) M=7 H=08

0.04
103

— \
1072 101
X

FiG. 6. Effects of optical thickness, number of fins, and
relative fin heights on mean bulk temperature.
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micro VAX 8800. These computations are illustrated
in Figs. 4-9.

To ensure the accuracy of the numerical solution,
an independent grid size test has also been conducted
in this study. Table 1 depicts the results of this test for
different grid sizes. The number of fins, the relative fin
height, wall emissivity, optical thickness, and con-
duction—radiation parameters in this test are M = 3,
H=06, ¢ =10, 1,=50, and N=0, 1.0, 3.0,
respectively. Inspection of the data indicates that
almost identical results for the Nusselt number can be
obtained with the number of lines specified in this
table. Therefore, the smaller grid size is mainly used
throughout this study when computing the Nusselt
number.

In order to prove the validity of the proposed
methodology, numerical solutions for a thermal entrance

N =
g, = 1.0
M=3 H=03
M=3 H=06
M=7 H=03
M=7 H=06
X
Fic. 7. Effects of optical thickness, number of fins, and
relative fin heights on total Nusselt number.
£~ 05
£~ 1.0
&= 01 N=3
10 hd
M=3 H=03
0.8 M=3 H = 0.8
M=7 H =103
¢b 0.8 M o= H = 06
0.4
0.2
0.0 . -
T T ) L
103 102 10!
X

Fi1G. 8. Effects of wall emissivity, number of fins, and relative
fin heights on the mean bulk temperature.

ITIT
o

cooo
DU

T T T »
10 10
X

Fi1G. 9. Effects of wall emissivity, number of fins, and relative
fin heights on the total Nusselt number.
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Table 1. Effects of the grid size on the local Nusselt number for M = 3, H = 0.6, &, = 1.0.

7, = 5.0
N=0 N =1 N=1
Number of lines
78 96 78 96 78 96

/X X Nu,

1006 0.00112  40.26636 40.39857 41.18594  41.34494 43.04618 43.25586
200  0.00485 27.51973  27.73492  28.68325 28.90509 31.10324 31.34966
180  0.00560 26.38192  26.54395  27.58617 27.75654  30.10766 30.28743
160 0.00635 2545135 2555182  26.69968  26.80737  29.32473 29.43640
120 0.00821 23.73195  23.68378  25.09274  25.03304 27.99566 27.90842
100 0.01000 22.53957  22.41231 24.01942 23.85207 27.22100 26.97054

80 0.01232 21.49737  21.18621  23.12299 2275927 26.69784 26.21101
60  0.01680 20.08234  19.61297 22.00215 21.44407 26.36026 25.56293
50 0.02016 19.34419  18.82086 21.48791  20.84562  26.47397 25.50075
40 0.02501 18.55629  18.00842  21.03577 2032712 27.01481 25.86346
30 0.03322 17.66386  17.14091  20.75389  20.01641 28.76411 27.8443
20 0.05000 16.61716  16.18327  21.20759  20.45445 35.93944 33.74314
10 0.10000 14.30264  14.10567 27.12895  25.62045

13.63986  13.50776  30.18234

9 0.11123

region, absent of radiation (N = 0), but with internal
longitudinal fins have been carried out. The values of
Nu are plotted vs the axial position and compared
with the results of ref. [24], as shown in Fig. 4. Inspec-
tion of the curves in this figure indicates very close
agreement with the above-mentioned reference which
further validates the proposed methodology.

Figures 4 and 5 depict the axial variation of the
mean bulk temperature and total Nusselt number with
wall emissivity of ¢, = 1.0; optical thickness of
T, = 5.0; number of fins, M =3 and 7; relative fin
heights of H = 0.3 and 0.6 for radiation—conduction
parameters of N =0, 1 and 3.0. Figure 4 indicates
that the mixed mean temperature increases very rap-
idly with a decrease of the radiation—conduction par-
ameter. The curves for N = 0 in this figure relate to
pure forced convection. Comparison of curves for
N = 0 with those given in ref. [24] indicates excellent
agreement which further validates the proposed meth-
odology. In addition, it is observed that increasing the
number of fins and relative fin height, increases the
development of the mean bulk temperature. Figure 5
indicates that the total Nusselt number increases as
both the radiation-conduction parameter and the
number of fins increases. In fact, it is seen that the
total Nusselt number attains a minimum, and beyond
that point, increases dramatically. To explain this
phenomenon, as the gas passes through the duct, the
position of the minimum Nusselt number shifts
toward the inlet of the channel, indicating a more
rapid development in the fluid, after which radiation
is the dominant factor controlling the total Nusselt
number.

Figures 6 and 7 represent the variation of the axial
mean bulk temperature and the total Nusselt number
with wall emissivity of ¢, = 1.0; a radiation-con-
duction parameter of N = 3 for optical thicknesses of
7, = 0.5, 2.0, and 5.0; number of fins, M = 3 and 7;
and relative fin height of H=0.3 and 0.6. It is
observed that at the entrance region of the semi-

28.11092

circular duct, there is basically no deviation in the
mean bulk temperature at different optical thick-
nesses. Additionally, increasing the number of fins
in the same region would increase the surface area
enhancing convective heat transfer. This can be
explained by the fact that forced convection is domi-
nant at the entrance region of the semicircular duct.
However, as the gas passes through the duct, a sig-
nificant deviation is observed in the mean bulk tem-
perature as the optical thickness, number of fins and
relative fin heights increase. Obviously, this is due to
the fact that the dominant term is radiative at the end
of the channel. Figure 7 represents the total Nusselt
number for the same conditions, and the same
behavior can be observed. In fact, inspection of the
curves in this figure indicates that the total Nusselt
number is highest at 7, = 5.0, M =7, and H = 0.6,
Additionally, full thermal development is never
reached in these figures in the presence of radiation.

Figures 8 and 9 illustrate the mean bulk tem-
perature and total Nusselt number with radiation -
conduction, N = 3 ; optical thickness of 7, = 5; num-
ber of fins, M = 3 and 7; and relative fin heights of
H = 0.3 and 0.6 for wall emissivities of ¢, = 0.1, 0.5,
and 1.0. Figure 8 indicates that the mean bulk tem-
perature is unaffected at the entrance region of the
semicircular duct with wall emissivity. However, in
the region of 1072 < X < 107", the mean bulk tem-
perature decreases as the number of fins, fin heights,
and wall emissivities are increased. Figure 9 indicates
the same behavior as explained previously in Figs. 5
and 7. However, it is observed that increasing wail
emissivity enhances the total Nusselt number dra-
matically.

SUMMARY AND CONCLUSIONS

The combination of radiation and forced con-
vection has been examined in this paper for the flow
of an absorbing-emitting gas in an isothermal duct of
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semicircular cross section with longitudinal internal
fins. The significant role played by radiation and inter-
nal fins in the thermal entrance region has been suc-
cessfully represented by the MOM and the MOL. The
nodes have been carefully placed along the surfaces
to avoid the usual difficulties with irregular bound-
aries. The use of coarse grids in the cross section of
the duct yields a relatively small system of first-order
ordinary differential equations. Hence, this system can
readily be solved by either analytical or numerical
techniques. The effects of the different physical par-
ameters were systematically studied. The following
conclusions were obtained.

(1) The interaction of radiation with forced con-
vection and fins increases the convective heat flux at
the wall and, in general, results in an augmentation of
the heat transfer process.

(2) Radiation—conduction, N, optical thickness, 1,
and wall emissivity, ¢, are the major parameters
affecting radiation heat transfer.

(3) The total Nusselt number for the semicircular
duct attains a minimum value at certain downstream
locations, and beyond these points, Nu; increases
again. As N increases, the minimum points of Nu;
shift toward the entrance direction.

(4) Increasing the number of fins and relative fin
heights, increases the Nusselt number accordingly,
and thus, delays the development of the local Nusselt
number in the entrance region of the duct.
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TRANSFERT THERMIQUE CONVECTIF-RADIATIF DANS LA REGION D’ENTREE
D'UN TUBE SEMI-CIRCULAIRE AVEC DES AILETTES INTERNES
LONGITUDINALES

Résumé—On analyse le transfert permanent de convection foreée laminaire avec rayonnement dans la
région d’entrée d'un tube semi-circulaire aileté intérieurement. Les ailettes sont continues et longitudinales
avec une épaisseur nulle. La condition imposée sur le tube est celle de température uniforme 4 la fois
axialement et sur la périphérie. L’équation d’énergie tridimensionnelle est discrétisée et résolue numeérique-
ment par la methode des lignes (MOL). La méthode de la quantité de mouvement (MOM) est employée
pour considérer la contribution du rayonnement qui modélise le rayonnement dans 'équation aux dérivées
partielles, au lieu de I"équation intégro-différentielle. Les équations résultantes sont calculées numérigue-
ment en utilisant la subroutine Runge-Kutta. On discute I'effet de cing paramétres principaux sur le
comportement dans la région d’entrée du tube : rayonnement-conduction N, épaisseur optique 1, €missivité
de la paroi &,, nombre d’ailettes M, et rapport de la hauteur de l'ailette au rayon du tube H. Les variations
de la température moyenne a coeur et des nombres de Nusselt globaux montrent que le transfert thermique
est augmenté dans cette géométrie a la fois par le rayonnement et par les ailettes.

WARMEUBERTRAGUNG DURCH KONVEKTION UND STRAHLUNG IM
THERMISCHEN EINLAUFGEBIET EINES HALBKREISFORMIGEN KANALS MIT
INNEREN LANGSRIPPEN

Zusammenfassung—In der vorliegenden Arbeit wird dic Wirmeiibertragung durch stationdre laminare
erzwungene Konvektion und Strahlung im Einlaufbereich eines innenberippten, halbkreisformigen Kanals
untersucht. Die Rippen, mit der Dicke Null, sind zusammenhédngend und in Lingsrichtung angebracht.
Als thermische Randbedingung wird dem halbkreisformigen Kanal in axialer und in Umfangsrichtung
eine gleichformige Temperatur aufgeprigt. Die dreidimensionale Energiegleichung wird diskretisiert und
nach der Linienmethode (MOL) numerisch gelost. Zur Beriicksichtigung des Strahlungsbeitrags wird die
Momentenmethode (MOM) angewandt, bei der die Strahlung in der partiellen Differentialgleichung anstatt
der partiellen Integro-Differentialgleichung modellmiBig erfaBt wird. Die resultierenden Gleichungen, die
auf einem groben Gitter basieren, werden mit einem Runge-Kutta Unterprogramm berechnet. Der Einflufl
von 5 Hauptparametern auf das thermische Verhalten im Einlaufgebiet des halbkreisférmigen Kanals wird
untersucht: N fiir Strahlung-Leitung; 7, fir die optische Dicke; &, fir die Wandemissivitit; M fiir die
Zahl der Rippen und H fir das Verhéltnis aus Rippenhéhe und Kanalradius. Die Verdnderungen der
mittleren Fluidtemperatur und der Nusselt-Zahl zeigen, daB der Wirmeiibergang bei dieser geometrischen
Anordnung sowoh! durch die thermische Strahlung als auch durch die Berippung verbessert wird.

KOHBEKTUBHO-PAJIMALIMOHHBIN TEIJIONEPEHOC BO BXOJAHO¥ OBJIACTH B
TMOJIVKPVIJIbIA KAHAJI C HATIPABJIEHHBIMHU 110 TEYEHUIO BHYTPEHHUMHU
PEBPAMHU

ABHOTAIMS— A HAIM3APYIOTCA CTAIMOHAPHAS JIAMHHAPHAs BBIHYKACHHAA KOHBEKIMA H padHAIMOHHBIH
TEIIONEPEHOC BO BXOJHON 0ONAcCTH MOJIyKPYrJIOro KaHana ¢ pebpamu. PeGpa sBisiioTCS CILIOIUHBIMH,
[pOAONBLHO HANPABJICHHBIMU K MMEIOT HyJeBylo ToyuuHy. Ha ocu u mepudepnu kaHana AoLAnEpXH-
BACTCH TMOCTOAHHAS TeMmepaTypa. TpexMepHOE YPABHEHHE JHEPIMH pELIAeTCd YHCICHHBIM METOIOM.
Bkyiaj u3ny4eHns ONMUCHIBAETCA He MHTErpo-auddepeHnHanbHbiM, a TuddepeHInaTLHEIM yPABHEHHEM B
YaCTHBIX NPOM3BOAHBIX. Pe3yibTHpyioume ypaBHeHsi DEINAIOTCH YHCIEHHO MeTojoM Pynre-Kyrra.
O6CcyxaaeTca BIMSHAC HA TEIIOBOM PEXUM BO BXOOHOH 06NacTy xaHaja NATH OCHOBHBIX NApPaMETPOB:
POJIH MEePeHoca YHEPTHH H3IYUEHHUEM O CPABHEHHIO C IEPEHOCOM TEIJIONPOBOAHOCTHIO N, ONTHYECKOH
TOJIKHSBI T, , TOLJIOWATENBHON CIOCOBHOCTH CTEHKH &,,, YACHa pebep M, oTHOmIEHUS BBICOTHI pebpa
panuycy kaHana H. MsMeHeHus cpeaHeMaccoBol TemnepaTypsl H uncie HyccenbTa nokaselsalor, 4To B
pPaccMaTPUBAEMON TEOMETPHH TEIIONEPEHOC YCHIIMBAETCS KAX 34 CHET TEIUIOBOIO H3/yYeHHs, TaK H 3a
cuet pebep.



