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Abstract—This article deals with numerical simulation of the
floor heating convector in 3D. Numerical simulation is focused on
cooling mode of the floor heating convector. Geometrical model
represents section of the heat exchanger — two fins with the gap
between, pipes are not involved. Two types of fin are examined —
sinusoida and angular shape with different fin spacing. Results of fin
spacing in case of constant Reynolds number are presented. For the
numerical simulation was used commercia software Ansys Fluent.

Keywords—fin spacing, cooling output, floor heating convector,
numerical simulation.

|. INTRODUCTION

HE heat convector systems have many construction
variations [1]. One of them is installation of the convector
to the floor. Thisisthe type of examined convector.

Heating convector consists of the outer container, which is
the shell placed to the floor. Inside the container is the water-
air exchanger with axial radiator fan. The exchanger has
system of pipes eguipped with the lamellae. The pipes are
separated to two independent sets, one for the cooling and the
other for the heating mode. Above the heat exchanger is
covering auminium grid. The example of floor heating
convector ison fig. 1.

&
Fig. 1 example of the floor heating convector

The temperature difference of the outer air and heating
water in the heating mode is considerably higher, then the
temperature difference in the cooling mode (surrounding air to
coolant). That is why the set of the pipes for the cooling has
more pipes then the set of the pipes for heating (fig. 2).
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Fig. 2 lamella of the heat exchanger with marked pipes designated for
heating

The cooperating company, which produces convectors of
various types, had insufficient information about processes
inside the convectors. That is why the numerical simulation is
used to show the effects inside the convector. The objective of
the work is to find possibility of optimization for the floor
heating and cooling convectors.

One of the parameters which affect cooling output of the
heat exchanger is fin spacing. Create the heat exchanger with
modified fin spacing is possible, so this parameter was
examined in arange from 2 mm to 4 mm.

Simulations were made for sinusoidal and angular shape of
the fin. Results are separated to two parts — first with constant
Reynolds number and second with constant inlet velocity.

Because mgjor part of the cooling output is carried by the
fins [1], for comparison of the spacing effect were created
models without pipes.

I1.GEOMETRY AND COMPUTATIONAL GRID

Model of the angular fin is shown on the fig. 3. On the left
side we can see the straight entering area with length of 50
mm, then starts the fin with length corresponding to the
convectors heat exchanger. Models were created with different
spacing for both sinusoidal and angular fin for 2; 2,5; 3; 3,5
and 4 mm.

Fig. 3 modd of the sinusoidal fin
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Fig. 4 computational grid

The computational grids were created in the Ansys Design
Modeller and have from 70 000 to 90 000 hexahedral cells. On

1028



International Journal of Mechanical, Industrial and Aerospace Sciences
ISSN: 2517-9950
Vol:6, No:5, 2012

the fig. 4 is presented the computational gridsiousoidal fin
with 2,5 mm spacing. Volume between fins has highizeing
factor then the straight entering area on thesidft of model.

Ill.  NUMERICAL SIMULATION

For the numerical simulation was used commercitiveoe
Ansys Fluent. The flow is solved as an unsteadyhieyLES
model. All simulations were made in cooling mode.

Because the pipes for cooling in a real heat-exgian
covers almost whole area of the fin (see fig. @ngerature of
the fins was set to 9 °C as a constant value. Reomperature
of ingoing air is 22 °C. Inlet velocity is 3,65 mifs case of
Re = 500 with initial fin spacing h = 2 mm. The aadhtions
were made to the time of 1 second, and then ccedirfior 0,6
second for time average values, all with the tirep 9,001
second.

The configuration of boundary conditions is on fig.
Straight entering area has heat flux = 0 and hasffecat to the
temperature of ingoing air.

-

Fig. 5 configuration of boundary conditions
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For the purpose of the results comparison were meds
values of the average temperature and static peesso
several planes along the fins (fig. 6).

In case of the sinusoidal fin is first plane placdter 1st
period, second after 5th period and third befost jeeriod of
the sinusoid. Shape of angular fin respects thessidal one.

The velocity and temperature field is comparedtenplane
placed simultaneously to the direction of the flovthe centre
of the model.

If we want to maintain constant Reynolds numbetase of
different fin spacing, we have to change the inelocity.
Velocity decreases from 3,65 m/s in case of 2 matisg, to
1,83 m/s in case of 4 mm spacing.

Fig. 6 3 monitored planes inside model

IV. RESULTS

First part of results presents contours of velo€igyd in
case of sinusoidal fins. Inlet velocity v = 3,62snDn the fig.
7 we can see 5 different fins with spacing fromr to 4 mm.
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Fig. 7 velocity field for sinusoidal fins

Velocity profiles are time averaged. With expansadrthe
gap between fins we can observe straightening efntiain
flow as the influence of the shape of the fin tdetreases.

Second part of results presents contours of veidigitd in
case of angular fin. On the fig. 8 we can see fedint spacing
of fins.
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Fig. 8 velocity field for angular fins

4

Shape of the fin affects the shape of main flow thpost
lower fin spacing. With comparison to the sinusbifia is
effect of straightening of main flow at higher fegpacing
slightly intensive at angular fin. In case of 4 rspacing we
can observe minimal influence of the shape to lthe. f

On fig. 9 we can see contours of temperature forose
sinusoidal fins. Observed area starts affépdriod of the fin
because at this part of the fins we can observeh hig
temperature differences. As velocity declines withher fin
spacing, cooling ability in observed area of fic@ases. This
effect is represented by the higher temperatutésfialong the
fins on fig. 9. Maximal temperature is limited toet288 °C
which is displayed by red colour. Higher temperatus
presented by a white area.
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Fig. 9 temperature field for sinusoidal fins
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On fig. 10 are presented results for angular siéfiee fin. Fig. 11 temperature development along the sinubbitia

The best cooling ability at this part of fin is &bed by 2 mm . . . .
The most inthensive temperature drop is at 2 mneisga

spacing.
P g With increasing of distance between fins tempegatigses in
. o ,--rﬁ\\vj_:_‘_h'-:'« _— the whole part of the fin and result to the higlemperature
40— s ——— 2 value at the fin output. The highest temperaturiéerdince
28711 . 1
2601 EEEE— e = appears approximately at one half of the fin length
o T ————tge 2,5 On fig. 12 is presented temperature developmerdrigular
e e shape of the fin. Fluctuation of temperature ineca2 mm
2592 ) = 3 spacing was caused by fin shape effect to thdair hetween
o~ f____\\“\‘-'/:{:?' fins at lower spacing. As distance between finsdases, this
e m— a— . effect disappears.
283.83 e ———— 296
283.54
28304
28294 294
282.64
I 28235 ===
28205 292
Fig. 10 temperature field for angular fins 290
T(K)
If we compare results from angular and sinusoidalfér 288

spacing 4 mm, we can observe that in case of duaisfin is
cooling ability slightly better than at the anguldin,
approximately by % T (period). The same developmeéntan 284
observe at 3 and 3,5 mm spacing.

On the fig. 11 we can see graphs of time averaged
temperature development for sinusoidal fin. Valuase
measured on plane placed in the center of the fiid »a
coordinate goes from 0 to 154 mm (length of finlet
temperature is 295 K and decreases to nearly 28PtKe end
of the fin.
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Fig. 12 development of temperature along the amdins

Temperature development of angular and sinusoidal f
looks similar, but in case of higher spacing shewsisoidal
fin slightly lower temperature in direction of tHew.

On the fig. 13 and 14 are presented pressure @lopg the
fins in case of sinusoidal and angular fin for Sfedent
spacing values.
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Fig. 13 pressure drop along the sinusoidal fins
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Fig. 14 pressure drop along the angular fins

We can observe that initial pressure depends odisit@nce
between fins. With higher distance initial pressdezreases.
Pressure fluctuation at 2 mm spacing is also calsedin
shape effect to the air flow. Initial value of psase drop is
higher in case of sinusoidal fin.

TABLE |
THEORETICAL COOLING OUTPUTS FOR SET OF SINUSOIDALND ANGULAR FINS
tou (K)  m(kgls. Q (W)
sin Z 282,1f 59E-04 7,62
sin 2,¢ 282,2¢ 59E-04 7,5
sin 3 282,48 59E-04 7,42
sin 3,5 282,70 5,9E-04 7,29
sin 4 282,9¢ 59E-04 7,1:
ang : 282,1« 509E-04 7,6%
ang 2,! 282,3: 5,9E-04 7,52
ang 3 282,55 5,9E-04 7,38
ang 3,5 282,79 59E-04 7,24
ang ¢ 283,06 5,9E-04 7,0¢€

Cooling output decreases with higher fin spacingcdse of
higher spacing is cooling output of sinusoidal &hghtly
better than output of angular fin.

V.CONCLUSION

The spacing between fins has significant effectthe
temperature field inside heat-exchanger and it a&fects
theoretical cooling output of the fin pair.

With higher spacing temperature rises inside hrettanger
and theoretical cooling output is decreasing. Gndther side
initial pressure decreases with higher spacingitbrasistance
to the fluid flow lowers to.

Determination of the optimal fin spacing for thigé of
floor heating convectors will be the objective afture
simulations and measurements.
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