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Heat transfer in a channel with built-in wing-type 
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Abstract-An extension of earlier work is made in the present paper to determine numerically the structure 
of flow and heat transfer characteristics in a rectangular channel with a built-in delta wing protruding from 
the bottom wall. The predictions are made through the numerical solution of complete Navier-Stokes and 
energy equations. Augmentation of heat transfer between the flowing fluid and channel wall is seen. The 
effect of a punched hole, beneath the wing-type vortex generator, on the heat transfer and skin friction 
characteristics has been determined. The influence of the vortex generator’s angle of attack and Reynolds 
number on heat transfer and skin friction is determined. The combined spanwise average Nusselt number 

showed increases as large as 34% even at the exit of a long channel at an angle of attack of 26”. 

INTRODUCTION 

LONGITUDINAL vortices embedded in shear flows 
occur in many flow situations and may have a remark- 
able influence on design and development of various 
kinds of heat exchangers. Figures I(a) and (b) show 
typical arrangements of two different heat exchanger 
cores. In most practical cases, the heat transfer 
coefficients on the flat surfaces are significantly low. 
In order to increase heat transfer between the gas and 
the fin in the case of gas-liquid fin-tube cross-flow 
heat exchangers and between the flowing fluid and 
plates in the case of plate-fin heat exchangers, pro- 
trusions can be mounted on the flat surfaces. The 
protrusions, in the form of wing-type vortex gen- 
erators (Fig. 2) with an angle of attack, can bring 
about the desired augmentation in heat transfer at the 
expense of relatively less increase in pressure drop. 
These wing-type vortex generators will induce longi- 
tudinal vortices behind them which will take the fluid 
from the underside of the wake and swirl it around to 
the upper side, entraining fluid from the periphery to 
the centre of the vortices. This mechanism will finally 
culminate in the disruption of the growth of the ther- 
mal boundary layer and the heat transfer coefficient 
will be enhanced. Also, these slender wings can act as 
spacers for the plates. Typically, the Reynolds num- 
bers for such applications lie below 3000. Eibeck and 
Eaton [l] have mentioned that in the presence of 
favourable pressure gradients the longitudinal vor- 
tices will be stable and their influence should persist 
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in an area which is many times larger than the wing 
area. A number of experimental works [2-4] in fields 
relevant to the present problem have been reported in 
literature. Numerical investigations in related areas 
have been reported earlier by Biswas et al. [5, 61. In 
their work [6], the combined effect of wing-type vortex 
generators and mixed convection conditions on heat 
transfer enhancement is studied. It is found that mixed 
convection conditions give rise to counter-rotating 
vortices of the same orientation as the delta wing and 
heat transfer is improved still further. However, in 
practice the wings can easily be manufactured by 
punching or embossing the channel wall. In the earlier 
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FIG. 1. Typical arrangement of heat exchanger cores. (a) 
Gas-liquid fin-tube cross-flow. (b) Plate-fin (single or multi 

pass). 

FIG. 2. Protrusions in the form of delta wing (a) and winglet 
pair (b) on the flat surface to enhance heat transfer. 
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NOMENCLATURE 

B channel width L’ ul u;,,. 
Br ratio of wing span to width of the u axial component of velocity 

channel, b/B V 4 ucl, 
b wing span z; vertical component of velocity 

C, specific heat of the fluid W 4 u,, 
D divergence of velocity vectors, spanwise component of velocity 

equation (I) ; xlH 

fy skin fraction, 2 - (a~j@),JpU:~ .X axial dimension of the coordinates 

f combined spanwise average friction Y 1’lH 
Factor, equation (7) 4’ vertical or normal dimension of 

H channel height coordinates 

h heat transfer coefficient, Z Z/H 

-k(aT/aYM(T,-- TtJ Z spanwise dimension of coordinates. 

k thermal conductivity of the fluid 
NM local Nusselt number based on bulk Greek symbols 

temperature of the fluid, hH/k tl aspect ratio of the channel, B/H 
Nu,, local Nusselt number based on II aspect ratio of the wing, b*/S 

entry temperature of the fluid, p dynamic viscosity of the fluid 

equation (8) V kinematic viscosity of the fluid 

NIA spanwise average Nusselt number z nondimensional time. 

n iterations in time step 
P nondimensional pressure, p/p U:” Subscripts 
Pr Prandtl number, pC,,/k av average 

P pressure b bulk condition 

4 wall heat flux sa spanwise combination of top and bottom 
RC? Reynolds number, U,, H/v plates 

S wing area W wall 
T temperature 1 bottom fin-plate 
t time 2 top fin-plate. 

work [6], the effects due to the hole beneath the wing investigations, only one delta wing (of zero thickness) 
generator was not taken into account. In addition, the is placed inside it. The base of the wing is fixed at the 
influence of angle of attack and Reynolds number on bottom wall and the apex faces the incoming stream 
heat transfer and skin friction coefficients were not with an angle of attack. Since symmetry prevails in 

obtained. Therefore, in the present paper, an exten- the vertical central plane of the channel, the flow field 
sion of the earlier work [6] is made to envisage the in only half of the channel has to be computed. The 
objectives enumerated above. dimensionless equations for continuity, momentum 

and energy may be expressed in the following con- 

STATEMENT OF THE PROBLEM 
servative form as 

Computation is performed in a channel which is 
formed by two neighbouring fins (Fig. 3). For detailed 

D = g + .I:; + +; = () 

au au* auv auw aP v*u 

t---8---4 
7&+~+-+~~= -x+-RF 

av auv av* avw ap v*v 
~+ax+ly+aZ=-E+Ri 

aw auw avw aw* GP v*w 
2; + TX- + / 

ay+ z= -az+ye. 

Z* Yf/ 
ae due av6 awo v% 

at+X+T+ az Rem Pr’ 
FIG. 3. Flow model for computation. 

(1) 

(2) 

(3) 

(4) 

(5) 
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In the above equations, the velocity has been non- 

dimensionalized with the average incoming velocity 
Ua,, at the channel inlet, all lengths have been non- 
dimensionalized with the channel height H, the press- 
ure with pU& and the nondimensional temperature is 
defined as B = (T- r,)/(r,,.- T,). Boundary con- 
ditions of interest in this investigation are : 

top and bottom surfaces 

u=v=w=o; T= T, 

for sidewall (z = B/2) and midplane (z = 0) 

w = (&@) = (&Qz) = (aT/az) = (aT/az) = 0 

at the entrance to the channel 

a = a(y), v=w=o, T= T,. 

At the exit of the channel, the continuative boundary 
condition is used by setting 

FIG. 4(a). Three-dimensional staggered grid showing the 
locations of the discretized variables. 

0 = --) u i,j,k 

(3 = f vi.j,k 

@ = @ q,j,k 

FIG. 4(b). Relative location of velocity components and wing 
on the x-y plane at Z = 0. 

vi,JIM,k , 

a*u a*v a*w a=T _=-__-__-Oo. 
ax* ax* ax* - ax* - 

This ensures smooth transition through the outlet. It 
may be mentioned that by setting the second deriva- 
tives of the dependent variables in the flow direction 
equal to zero, we are not ignoring spacewise accel- 
eration of the dependent variables, hence the afore- 
mentioned continuative boundary condition can be 
comfortably applied at the exit plane of a developing 
flow. 

No-slip boundary conditions for the velocities on 
the obstacle are used. The temperature of the wing is 
constant and equal to T,. The computational domain 

is divided into a set of Cartesian cells. Staggered grid 
arrangements are used in which velocity components 
are defined at the cell faces to which they are normal 
(Fig. 4(a)). The pressure and temperature are defined 
at the centre of the cell. In order to state further details 
about the kinematic conditions on the wing, specific 
discussion can be made with the help of Fig. 4(b). The 
axial and normal components of velocity which fall 
directly on the wing are set to zero. Spanwise com- 
ponents do not fall directly on the wing. These W- 

velocities are interpolated on the wing from neigh- 
bouring cells and then the interpolated velocity com- 
ponents are set equal to zero. In order to take care of 
the punched holes beneath the wings periodic bound- 
ary conditions are used. It is assumed that the heat 
exchanger cores have a number of plates and on each 
plate the wing generators are punched out in such a 
way that the holes are perfectly aligned. Now, in our 
computational domain, part of the top and bottom 
boundaries must be set to identify the punched holes. 
For this purpose spacewise-periodic boundary con- 
ditions on the location of the punched holes have to 
be applied in the y direction. Here the period length 
is equal to the channel height H (Fig. 4(c)). The 
boundary conditions for the fictitious cells on the 
bottom are 

Ui.l.k = %JRE,k 

v,,/,k = o.5 (vi.JRE,k + %.k) 

/ 

pi, JIM. k 

wi, J1M.k I 
t . 

I / I 
~Y,JRE,K 7 -ui,JlM,k 

- J=JIM 

, , , , , , /Atop wall 
rwi,JREf,ko -Ui,!lRE,h J=JIM-l=JRE 

I I 
pi,JRE,k-\ 

, , , bottom 
wall 

FIG. 4(c). Periodic boundary conditions for pressure and velocities on the top and the bottom wall. 
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‘l‘1.i.l. = kt‘,.JKt.l, 
about 5”/a for a Reynolds number of 500 and uniform 
wall temperature boundary conditions. 

PI /.i = P,.JRF./. An effort was made to obtain grid-independent 
results. For Re = 500 and Pr = 0.7 in a channel 

(for all i,k in the punched holes) (c( = 2) with a built-in delta wing (A = 1) at an angle 

and on the top of attack (/I) of 26’, reasonable agreement between 
the results obtained for 15 x 26 and 20 x 30 cross- 

u,,JIM.h = %,2.h stream grids was found. In the foregoing specification 

C,.JIM.h = 1’,.?,h 

of cross-stream grids, 15 and 20 refer to the number 
of grids in the _r direction. Similarly, 26 and 30 refer 

r,,JKF.I = o.5 (U,.,.k +c,.JRE,h) to the number of grids in the z direction. However, 

bt’,.JIM.k = bt’,,2.k 
for a 15 x 26 cross-stream grid in the J-Z plane, 60 
grid nodes were taken in the x direction for a non- 

P>.JIM.h = Pt.2.h dimensional axial distance of 8.4. Grid independence 

(for all i, k in the punched holes). 
was also tested for other geometrical and flow par- 
ameters. In each case, beyond a small value (+ 4%) 

Such boundary conditions have also been discussed 
further refinements of the grid size were not com- 

by Hirt et al. [7]. 
putationally economical. 

Solutions are independent of the chosen domain in 

METHOD OF SOLUTION 

the .Y direction. This-is the beauty of the continuative 
boundary condition @u’/c?x* = &~‘,iU = dW’/S.X~ 

= aT’/d_~’ = 0). At the outlet the second derivatives 
A modified version of the Marker and Cell (MAC) of the dependent variables in the x direction are set 

method [8,9] is used to obtain the numerical solution equal to zero. The continuative boundary condition 
of equations (l)-(5). Details of the solution procedure can be applied at the outlet section of a developing 
were discussed in the earlier investigation [6]. A con- flow. This condition does not impose any severe 
cise description of the solution procedure is recorded restrictions on the accelerating flow and has the least 
herein for a ready reference. The solutions for the upstream influence. Smooth transition of flow 
velocities are obtained in two parts. First, the velocity through the exit boundary is indeed ensured by 
components are advanced explicitly using the previous imposing such a condition 
state of flow having calculated viscous stresses and The computations have been performed on an 
pressure gradients through a time step of duration Sz. Apollo Domain 3500 workstation. 
These explicitly advanced velocity components may 
not necessarily lead to a flow field with zero mass 

divergence in each cell. In the subsequent second part, 
RESULTS AND DISCUSSION 

correction of velocity is done through the simul- A large number of computations have been per- 
taneous adjustment of pressure and velocity com- formed at different Reynolds numbers and angles of 
ponents in each cell by an iterative procedure. This attack (/I) with a delta wing as a wing generator. 
iterative correction of the velocity field is continued Figure 5 shows a typical picture of the generation of 
until the mass conservation is ensured in each cell. vortices and their gradual deformation as they move 
This pressure-velocity iteration, through the implicit downstream in the channel. 
continuity equation, is equivalent to the solution of Figures 6(a) and (b) compare the velocity vectors 
the Poisson equation for pressure [IO]. The convective on a longitudinal section (x-y plane) for Re = 500 
terms of equations (2), (3) and (4) are discretized by and Pr = 0.7 for the cases with and without stamping 

a hybrid scheme. The hybrid scheme combines upwind on the channel walls respectively. The views are taken 

and central differencing of the convective terms to about the midplane of the channel. For the case with 

achieve the stability of the upwind method and the stamping, fluid gets entrained through the upper hole 

better formal accuracy of central differencing [ 111. and there is loss of fluid through the hole underneath 
The solution procedure avoids the need for pressure the wing. However, a spiralling structure of the main 

boundary conditions as associated with the solution flow is discerned behind the wing for both cases. It is 
of the Poisson equation for pressure [ 121. After eval- seen that, downstream, the magnitudes of the velocity 
uating the correct velocities, the energy equations are vectors for the case with punched holes are less than 
solved with an SOR technique to determine the tem- those for the case without any stamping. This obser- 
perature field. vation is made through the comparison of velocity 

Computational accuracy is calibrated by com- vectors at the same axial location in both cases. 
paring peripheral average local Nusselt numbers pre- Comparison of cross-stream velocity vectors at a 
dieted by our numerical scheme with those of available nondimensional distance of X = 1.169 from the inlet 
literature [ 131 for thermally developing and hydro- of the channel for the cases with and without stamping 
dynamically developed flow through parallel plates. on the solid walls is obtained in Figs. 7(a) and (b). Due 
The results were found to be in agreement within to the stamping on the walls a velocity field normal 
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f-- Main Flow 

Re =1815 Pr ~0.7 

FIG. 5. Generation and deformation of the vortices in the channel. 

to the vertical motion is induced in the downward 
direction. This induced downward normal velocity 
field reduces the strength of the vertical flow and, as 
compared with the case where there is no stamping, a 
decayed circulatory flow pattern is observed at the 
same axial location. 

Before analysing the heat transfer results we can 
concentrate on understanding the basic mechanisms 
of heat transfer augmentation due to embedded longi- 
tudinal vortices. Figures 8(a) and (b) show the iso- 
therms over two cross-planes located at two different 
axial locations in the channel. It is seen that as the 
fluid stream moves from an axial distance X = 2.9 to 
3.538 the value of the isotherm at the core increases, 
whereas the value of the isotherm at the surface 
decreases. This can be attributed to the vertical nature 
of the flow field. These two plots imply that due to 
the better mixing of the cooler steam of the core with 
the hot fluid from the wall, the core temperature rises 
and at the same time heat is transferred through a 
relativeIy higher temperature gradient at the solid 
wall. 

However, the heat transfer and the skin friction 
coefficients-the major performance parameters-are 
dependent on the Reynolds number and the geo- 
metrical parameters of the wing. In the following sec- 
tions we shall discuss the influence of these governing 
parameters on the performance of the vortex gen- 
erators. Air has been assumed as working fluid ; hence 
the Prandtl number of this study has been fixed at a 
constant value of 0.7. 

In order to have a quantitative distinction of the 
heat transfer pe~o~ance the combined spanwise 
average Nusselt number 

Nil, = 
&I, +%I H . .- 

+2 r 

812 

Ww,(x,z)-~dx))d~ (6) 

JO 

has been calculated at each longitudinal location to 
depict heat transfer at any axial position in the chan- 
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(a) 

L/2 _I 

X=0 X=4.2 

( b) 

FIG. 6. Longitudinal velocity vectors at the midplane (Z = 0) of the duct. (a) Delta wing. (b) Delta wing 
with stamping. 

nel. Figure 9 shows the longitudinal distribution of 
the combined spanwise average Nusselt number in the 
channel. In the region of the wing (from X = 0.78 to 

2.36), the combined spanwise average Nusselt number 
rises to a high value up to a region behind the middle 
of the wing and then takes a plunge. A small dead 
water zone exists in the immediate neighbourhood 
behind the wing-body junction which eventually 
causes poor heat transfer at that location. Here, we 
are referring to the case with the built-in delta wing 
in the absence of any stamping. However, in the down- 
stream of the wing, heat transfer is increased remark- 
ably as compared with the plane channel without any 
obstruction. As such, even for a very long channel 
(X = 8.4), the enhancement in heat transfer at the exit 
of the channel is more than 34%. Enhancement in 
heat transfer is not so pronounced when the effect of 
punched holes beneath the wings is taken into 
account, Due to the downward normal stream at the 
cross-plane (as shown in Fig. 7(b)). the strength of 
the longitudinal vortices is reduced to a great extent 
and a spiralling flow with relatively less vortex 
strength exists. Disruption of boundary layer growth 
is also observed here but the improvement of the heat 
transfer coefficient is relatively lower than that of the 
case without any punched holes. However, at the exit 
the improvement of heat transfer as compared with 
the plane channel is about 10%. This improvement is 
even better in all the axial locations behind the wing. 

In order to examine the influcncc of angle of attack 
on heat transfer WC observe Fig. IO. It is observed 
that the combined spanwise average Nusselt number 
increases with increasing angle of attack. Wings with 

higher angles of attack (until vortex breakdown does 
not take place) produce vortices with higher strength 
which results in better heat transfer. At a non- 

dimensional axial distance of 4 from the inlet, for an 
angle of attack of 20”, we observe an enhancement of 
45.4% in combined spanwise average Nusselt number 
over the case of a channel without any obstacles. Now 
at the same location, for p = 26”, an improvement of 
10.6% in Nu,, over the case of the 20” angle of attack 
is obtained. However, at the same location, an 
improvement of 26.42% over the case of the 20” angle 
of attack is discerned for b = 30”. 

The effect of Reynolds number on combined span- 
wise average Nusselt number is clearly evident from 
Fig. 1 I. A higher Reynolds number signifies a higher 
mass flow rate and as a consequence a higher heat 
removal rate is observed. At the exit of the channel 
(X = 8.4), Nu,, for Re = 1815 is 98.38% larger than 
that for Re = 500. 

In this study, the length of the channel is well below 
the thermal entry length. What we have illustrated 
here is the influence of wing parameters and Reynolds 
number on the enhancement of heat transfer in a 

developing flow. It may be mentioned that the fully 
developed Nusselt number (in our case Nu = hH/k) 
for a channel flow with uniform wall temperature 
boundary condition is 3.77. 

Augmentation in heat transfer is obtained at the 
price of increasing pressure drop. As we have men- 
tioned earlier, when wing-type vortex generators are 
used for enhancing heat transfer coefficients, the 
increase in pressure drop is relatively less. In order to 
show the aforementioned performance of wing-type 
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( Re=500, Pr=o.7 8r=@375[ 

,jh=l, d =2,/3=26” 

FIG. 7. Cross-stream velocity vectors at a nondimensional distance X = 1.69. (a) Delta wing. (b) Delta 
wing with stamping. 

vortex generators, the combined spanwise average 
friction factor has been defined as 

-“a” 
2 

(7) 

Figure 12 shows the distribution of combined span- 
wise average friction factor (TX Re) in the channel 
for three different cases. This parameter is not to be 
confused with Darcy’s friction coefficient, rather it 
should be called Fanning’s friction factor. As such 
this plot clearly shows the effect of stamping on the 
distribution of the combined spanwise average fric- 
tion factor. As mentioned earlier, due to the stamped 
holes a downward normal stream is induced near the 
wing which reduces the strength of the longitudinal 

vortices generated by the delta wing. As a base case, 
for comparison, the combined spanwise average fric- 

tion factor (fx Re) in the channel in the absence of 
any obstruction and stamping has been plotted. We 
have taken thermally developing and hydro- 
dynamically developed flow. As expected, the (,f x Re) 
value remains unchanged throughout in the channel 
for the flow without any obstacle and stamping. As 
such this value for a fully developed channel flow is 
24 (see Shah and London [ 13]), but there the charac- 
teristic length in the definition of the Reynolds number 
is the hydraulic diameter, which is twice our charac- 
teristic length (H). However, with our definition, we 
obtain a (fx Re) value of 12 which is also a check for 
the computational accuracy. For a very long channel 
(X = 8.4) at the exit, the increase in (fx Re) in the 
channel for the case with a built-in wing generator 
(without stamping) over the (fx Re) value for a plane 
channel is 79%, whereas this value of friction factor 
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11. 0.659186 
12. 0.710912 

FIG. 8. Isotherms at cross-sections X = 2.9 (a) and 2 = 3.538 (b) from the inlet. The base of the wing is 
located at a distance X = 2.36 from the inlet. 

25- 
Re=500, Prz0.7 Brz0.375 
A_=l, &=2, d= 26’ 

20- 

E%a 
15- 

30r 

/With delta wing and stamping 

0 1 I 
cj I 2 3 4 5 6 7 6 9 10 

X 

FIG. 9. Effect of stamping on the distribution of the combined spanwise average Nusselt number in the 
channel. 
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Re:5W, Pr=0.7 I 

L Without wing 

0 
Wing 

I 1 I I I L ! I I I 
0 1 2 3 4 5 6 7 6 9 10 

X 

FIG. 10. Effect of angle of attack on the distribution of the combined spanwise average Nusselt number in 
the channel. 

01 + Wing 
I I 8 I I I I I I 

0 1 2 3 4 5 6 7 6 9 10 II 
X 

FIG. 1 I. Effect of Reynolds number on the distribution of the combined spanwise average Nusselt number 
in the channel. 

25- 

With delta wing 

20- 

f xRe 15- 

ll_wr, , , , I 

0 I P 3 4 5 6 7 6 9 10 
X 

FIG. 12. Effect of stamping on the distribution of the combined spanwise average friction factor in the 
channel. 
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0 1 2 3 4 5 6 7 8 9 10 11 
X 

FIG. 13. Effect of angle of attack on the distribution of the combined spanwise average friction factor in 
the channel. 

(fx Re) is only 48% more than the plane channel 
value when the punched hole under the wing is taken 
into account. 

Figure 13 shows the effect of varying the vortex 
generator’s angle of attack while keeping the size con- 
stant. Increasing the angle of attack has the effect 
of increasing the vortex circulation which increases 

resistance and a higher value of combined spanwise 
average friction factor is obtained. Of course, this is 

associated with a higher heat transfer rate, as was 
depicted in Fig. 10. However, at the exit of the 
channel, (TX Re) for /l = 30” is 15% more than that 
for p = 20” and (fx Re) for /I = 26’ is 8.4% more 
than for 11 = 20‘. 

Figure 14 shows the effect of Reynolds number on 
(fx Re) while keeping the channel and the parameters 
related to the vortex generator constant. At the exit 
of the channel (X = 8.4), (,fx Re) for Re = 1815 is 
about 83.18% greater than that for Re = 500. A 
higher mass flow rate increases the strength of the 

vortices which finally results in a higher drop in skin 

friction. 
The model validation was performed through com- 

parison with some published experimental results. 
Local Nusselt numbers along the centreline of the 

bottom plate with a delta wing at an angle of attack 
of 20” were calculated. Reynolds and Prandtl numbers 
for this computation are 1815 and 0.7, respectively. 

Here, local Nusselt number values were evaluated on 
the basis of entry temperature of the incoming fluid 
stream as 

Figure 15 shows that the computed values of local 

Nusselt number compare favourably with the exper- 
imental results of Fiebig et al. [4]. In the experiment 
[4, 141, the channel walls had punched holes on them 

5- 

0 I I I I I ! I 
0 1 2 3 L 5 6 7 8 9 10 

X 

FIG. 14. Effect of Reynolds number on the distribution of the combined spanwise average friction factor 
in the channel. 
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32- 

16 - 

- Without stamping 
--+- ~xperimeni 141 
-+- With stamping 

0’ ’ I I f 

a15 0.76 1.52 2.28 3.01 

1 (Distance behind the wing1 - 

FIG. 15. Comparison of computed resufts with experimental observation. 

and the experimental results are closer to the com- 
puted results for the case with stamping. The small 
discrepancy could be attributed to the physical bound- 
ary conditions on the channel wall. It was not possible 
to maintain perfect isothermal conditions on the plate 
surface during the experiments. As such the local heat 
transfer coefficients were determined by unsteady 
liquid crystal thermography. Measurement error is 
indeed minimal in this process ; accuracy is within 
24%. The intensity of turbulence was less than 2% 
in the experiments [4, 141 and its influence on the 
discrepancy of results can possibly be ignored. 
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XI4 G. BISWAS and H. CHATTOPADHYAY 

TRANSFERT THERMIQUE DANS UN CANAL AVEC DES GENERATEURS AILETES 
DE VORTEX 

R&rum&On Ctend une etude precedeme pour determiner numeriquement la structure de l’tcoulement et 
les caractiristiques thermiques dans un canal rectangulaire avec une aile delta protuberante a la paroi 
inferieure. On obtient la solution numerique des equations completes de Navier-Stokes et de l’bnergie. On 
met en evidence l’augmentation du transfert thermique entre le fluide et les parois du canal. On determine 
I’effet du generateur ailete de vortex sur le transfert thermique et le frottement parietal ainsi que celui de 
l’angle d’attaque du generateur et du nombre de Reynolds. Le nombre de Nusselt moyen dans la largeur 
montre un accroissement allant jusqu’a 34 pour cent, m&me a la sortie d’un long canal pour un angle 

d’attaque de 26’. 

WARMEUBERGANG IN EINEM KANAL MIT EINGEBAUTEN FLUGELAHNLICHEN 
WIRBELERZEUGERN 

Zuanmmenfassung-In Erweiterung einer friiheren Arbeit wird in der vorliegenden Untersuchung die 
Struktur der Striimung sowie der Warmeiib-ergang in einem Rechteckkanal mit eingebauten Deltafltigeln 
untersucht, welche an der unteren Wand angebracht sind. Hierzu wird der vollstandige Satz der Navier- 
Stokes-Gleichungen sowie der Energie-Gleichung numerisch gel&t. Dabei zeigt sich eine Verbesserung des 
Wlrmeilbergangs zwischen dem strijmenden Fluid und der Kanalwand. Es wird der EinfluB eines unter 
den flilgelartigen Wirbelerzeugem angebrachten Bohrlochs auf den Warmeiibergang und den Druckverlust 
bestimmt. AuBerdem werden die Einfliisse des Anstellwinkels der Wirbelerzeuger und der Reynolds-Zahl 
untersucht. Die mittlere Nusselt-Zahl zeigt eine Zunahme urn 34%, dies gilt bei einem Anstellwinkel von 

26” sogar am Ende eines langen Kanals. 

TEHJIOMACCOHEPEHOC B KAHAJIE C BCTPOEHHbIMH KPbIJIb~ATbIMH 
FEHEPATOPAMH BHXPER 

Aearnqa_B pa6o-m naerca pBcnemioe onpenenemie crpyr~ypb~ Te¶eHu H xapa&cTep&icTHx Tennoo6- 

MeHa B nplrhfoyroJIbHoM wsxane co wrpoe- rpeyronm xpwo~, Bbvzrynawu~~ H3 HIlYrHefi 

~earce.npoBeneAogacneHHoepernearre rronxibrx ypaBHe& Haebe-cTorca~3Heprsni. Xopoluo BOO 

yBewYeHHe HHT~HCEBH~CTE Teunoo6hlesia ~exc&y ~IOTOEOM xc~iwoc~a H CTeIiKoii KaHana. Gnpenenetro 
BJUiJfHHe OTBepClW UOA XpbLllMaTblM reHepaTOpoM BHXpeii Ha XalPaKTTepHCTKKH TeMOlI~HoCa II 
noeepxAocr~or0 TpeHHn, a Taxxce B-e yrna aTayEI reHenaTopa BHxpei n -nicna Pei&onbnca ua 
TeIIJIOO6MeH a IIo~epxHoc~~oe TpeHEe. kS¶eHHe CnOYHOrO ocpe)JHeHHoro no pa3Maxy Icpbuxa ¶Hcna 

HyCCeJIbTaBo3paCTaeT ria34% HanhLXo~e~3nmsiHoroxaHanarrp~ yrne aTaKH 26”. 


