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Abstract. The results of an experimental study of the heat transfer of a vertical
flat surface with discrete fins located in a staggered order are given. Parameters such
as Nusselt number, total heat flux and temperature characteristics of the investigated
surface are determined. A comparison was made between the obtained experimental
data and the results in other papers for vertical surfaces with continuous flat-parallel
fins. It is shown that for natural convection conditions, discrete finning in 1,3-1,7 times
Is more effective than flat continuous fins.
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Topicality. Fins as a way to increase the thermal efficiency of heat transfer
surfaces has been widely used in various heat exchangers. Finned surfaces are used in
heat exchangers for various purposes, devices for cooling electronic equipment,
computer technology, heating and cooling devices for household appliances and a
number of other devices [1,2]. In particular, in the devices under consideration,
vertical surfaces are used with a plane-parallel fins under conditions of natural
convection. Extensive experimental and theoretical studies of heat transfer for such
surfaces have been carried out, where their high thermal efficiency is shown at small
vertical dimensions of heat transfer surface [3-6]. As these sizes increase, the heat
dissipation capacity of such surfaces decreases, which is due to the heating (cooling)
of the external heat carrier and the drop in the temperature difference between the
surface of finned wall and heat carrier. In order to increase the heat efficiency of the
heat transfer surface, a surface with fins of small length located in a staggered manner

was proposed. As the numerical simulation of surfaces with discrete fins has shown,
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the total heat flux that can be drawn from the surface can increase by 1.5-2.0 times [7].
This is due to a decrease in the length of the formation of boundary layer (BL) and its
breakdown from the edge of the discrete fins, which leads to an increase of heat
transfer coefficient on a discretely finned surface. At the same time, experimental
studies devoted to studying of heat transfer for such surfaces were not carried out.

Purposes of research. Experimental study of heat transfer processes for vertical
surfaces with discrete fins finishes under free convection conditions was conducted,
where was determined of heat efficiency, local and integral characteristics of discrete
fins.

Materials and methods of research. In the present study, the influence of
geometric and thermophysical factors on the heat transfer conditions of vertical surface
with discrete fins having a chess structure of the arrangement is experimentally
studied. The research was carried out on an installation, the scheme of which is
presented in Fig.1. In the course of experimental measurements, the fin temperature
was measured, which was changed by changing the power of the electric heater,
located at the base of fins on the bearing vertical surface. In Fig. 2a shows the chess
arrangement of discrete fins. The scheme of distribution of thermocouples on fins for
heat transfer surface with a discrete chess grinding is shown in Fig. 2b. A set of 12
thermocouples on plates with dimensions of 50x11 mm, located in the lower middle
and upper part of the investigated surface gives an opportunity to have a fairly
complete picture of the process of heat distribution in the fins. Thus, the system of 36
sensors allowed to establish the laws of heat transfer for such a configuration of finned

surface with the number of fins in one row equal M = 25.
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Fig. 1. Scheme of the experimental installation:
1 - section under investigation; 2 - insulating casing; 3 - bed; 4 - turning
mechanism; 5 - main heater; 6 - security heater; 7 - system of surface thermocouples
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Fig. 2 Surface with a discrete fins located in a staggered manner (a) and the
arrangement of thermocouples (b)
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As the determining dimension in calculating discrete fins, the value of the fin pitch
s=2s was used, where s is the distance between adjacent rows (see Fig. 1). The size

s for intermittent fins takes the following values s = 4, 9, 14 mm. For each of them a
series of experiments was conducted in the range of temperature differences of 20-

130°C.
An experimental study of heat transfer for vertical surfaces having intermittent
fins with a chess structure of the finned location is carried out for the next range of

changes in thermophysical and geometrical parameters
Ra.;s/L=10-11x10% s/h=016-058.

Results of research. The results of experimental data for surfaces with discrete

fins are shown in Fig. 3 in the form Nu, = f(Ras/L). The experimental data agree
satisfactorily with the dependence for the mean number Nu,
— 0,4
Nu, =0,314(Ra_s/L)™" -0,19. (1)

The maximum error permitted by the dependence (1) in the parameter range
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Fig. 3 Dependence of the Nusselt number Nug on the parameter Ras/L :
1 - continuous fins [8]; 2 - discrete fins; 3 - calculation curve [9]
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10< Rass/ L <11x10* is 30%. It should be noted that for discrete fins, the distance s

is double the distance between adjacent rows.

In Fig. 3 as a comparison, experimental data for vertical surfaces with
continuous flat-parallel fins [8] and the calculated curve obtained in [9] are presented.
The use of discrete fins leads to the intensification of heat transfer in a wide range of

values Ras/L. As follows from Fig. 3, the heat efficiency of discrete fins in
comparison with the continuous fins increases with the increase of parameter Ra s/L

and the degree of intensification can reach 50-70%.
From (1) it follows that the degree of intensification increases with increasing

value Ra s/L and the distance between the plates s. Experimental data and analysis of

temperature distributions on discrete fins show that the intensification of heat transfer
Is facilitated by an increase in the number of plates M in a row, a decrease in their
length | and a decrease in the height L of the system. Thus, the intensification of heat
transfer is all the more so as fins are the shorter, the larger their number and the wider
cross-sectional step.

In experimental studies, as noted above, temperature distributions were
measured in separate intermittent fins located on different sections along the height of
finned system. Measurements were made for the 1st, 13th and 25th fins, starting with
the lower one. Some measurement results are shown in Fig. 4. In Fig. 4 also presents
the results of numerical simulation of heat transfer for discrete fins with chess location

which is obtained in [9]. The temperature distributions are given in the dimensionless

-T
form, where G:T _I_g°° , X :;]( (x is the coordinate along the fin height, h is the fin
0 'gw

height, Ty, Ty, is @ temperature at the base of fin and external heat carrier, respectively.
As follows from the above distributions, for the fins located in the lower part of the

finned system, the greatest drop in temperature along the fin height is observed. This is

due to the maximum values of the temperature
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Fig. 4 Temperature distributions in the fins located on different parts of the base:

| — calculation [9]; Il — experiment; i=1; 2 - 25; 3— 49

difference between the fin surface and the external air in the lower part of the finned
system, at which the values of heat transfer coefficients on the streamlined surface are
maximum. The obtained distributions show that in the lower part of a system with
discrete fins the intensity of heat transfer is substantially higher than in its upper part.
Therefore, it is advisable to reduce the vertical dimensions of the finned surface.

Thus, as a result of experimental studies, it has been established that the
discretization of fins leads to an intensification of heat transfer processes in

comparison with continuous flat-parallel finning.

Conclusions
1. Experimental investigations of the processes of heat transfer for vertical

surfaces with discrete fins, located in a staggered order for the conditions of natural
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convection, have been carried out.

2. It is shown that the use of the system of short fins leads to intensification of
heat transfer by 30-70% in comparison with the continuous flat-parallel finning.

3. As a result of the processing of the experimental data, a criterion dependence
for the Nusselt number from the Rayleigh number was obtained, which allows

conducting calculations of heat transfer surfaces with a discrete fins.
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EKCIIEPUMEHTAJIBHE JOC/IIIKEHHSI  TEIIJIOIIEPEHOCY
BEPTUKAJIBHUX ITOBEPXOHb 3 ITUCKPETHHUM OPEGPEHHSAIM
B. I'. I'opobeus
AHoTaniss. Hasedeno pes3ynomamu  eKCNEPUMEHMANbHO20 — OOCIIONHCEHHS
menjiooOMiHy — 8epMUKANbHOI  NJIOCKOI  NOBEpXHi 3  OUCKpemHUM  pebpamu,
PO3MAUOBAHUMY 8 WAXOBOMY NOpAOKY. Busznaueno maxi napamempu 5Kk qucio
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Hyccenoma, cymapnuii mennoguti nomix, wo 8i08600umvcs i mMeMnepamypHi
xapakmepucmuku 00cniodxcyeanoi noeepxmi. llposedeno nopieHAHHA OMPUMAHUX
eKCNEePUMEHMANIbHUX OAHUX 3 Pe3VIbMAamami, OMpUMAHUMU 8 [HWUX pooomax OJisl
BEPMUKATILHUX NOBEPXOHb 3  0e3nepepeHuM  NI0CKONAPANIeNbHUM — OpeOpPEeHHAM.
lloxaszano, wo 0ns ymos npupoonoi Koueekyii ouckpemue opeopenns 6 1,3-1,7 pazu
eghexmuesHie 810 NI0CKO20 OpeOPeHHL.

KiuouoBi ciioBa: eepmukanvna opedpena nogeepxmua, npupooHa KoHeeKuis,
ouckpemme opedpenns, niocke opedpenns, uucio Hyccenoma, memnepamypa

IKCIIEPUMEHTAJIBHOE NCCJIEAJOBAHUE TEIJIONEPEHOCA
BEPTUKAJIBHBIX IOBEPXHOCTEM C JUCKPETHBIM OPEBPEHUEM
B. I. I'opooey
AnHoTamusi. [lpusedensvt pe3yrbmamsl IKCHEPUMEHMATLHOS0 UCCIE008AHUSL
menjioobMeHa 8epmMUKAIbHOU NIOCKOU NOBEPXHOCMU C OUCKDEMHbIM OpeOpeHueM,
PACNONONHCEHHBIM 8 WAXMaAmMHOM nopsoke. Onpeoenenst makue napamempuvl KaK 4Yucio
Hyccenoma, cymmapuwiii omeooumvlil mMeniosou HOMOK U meMnepamypHble
xapakxmepucmuku ucciedyemou nogepxnocmu. llposedeno cpasHenue nonyyeHHbIX
IKCNEPUMEHMAIbHBIX OAHHBIX C Pe3VIbmMamami, NOIYYEeHHbIMU 8 OpYeUux pabomax 0
BEPMUKANbHBIX NOBEPXHOCMEU C HEeNpepbl8HbIM NI0CKONAPAILIENIbHLIM OpeOpeHUeM.
llokazano, umo 011 yCn08uUll ecmecmeeHHol KOHBEKYUU OUCKPEemHOe OpeOpeHHue 8
1,3-1,7 pasza a¢ppexmuenee niockoeo opebpenus.
KiroueBbie cJI0Ba: éepmuKanbHas opebpennan noeepxnocmp,
ecmecmeennan KOHGeKyus, OUCKpenmHoe opeodpeHue, niockoe opedpenue, 4ucio
Hyccenvma, memnepamypa
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