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INTRODUCTION: The need of effective cooling in 
modern devices has emphasized us to use effective 
cooling method and the most proposed way to in-
crease heat transfer is either attaching the extended 
surfaces (fins) or employing some forced method to 
remove heat. Although, it has been found that attach-
ment of fins to hot surfaces does not always help in 
enhancement of heat transfer rate. So, it becomes nec-
essary to optimize the control parameters to maximize 
the heat transfer rate. The applications of natural con-
vection inside triangular enclosure are in solar water 
heaters, nuclear reactor cooling, electronics devices, 
energy storage, cryogenics, building insulation, attic 
shape houses, geophysical systems and in passive 
cooling systems. In natural convection heat transfer 
convection cells are formed theses are known as 
Benard cells. The formation of Benard cells takes 
place at critical Rayleigh number when the flow char-
acteristic of confined fluid takes place between lami-
nar and turbulent flow. 

Many researchers have conducted numerical as well 
as experimental investigation of natural convection 
inside the triangular enclosures. A comprehensive 
review has been represented by O.M. Kamiyo et.al [1] 
on natural convection inside the triangular enclosure. 
They suggested that Natural convection in triangular 
enclosures is an important problem. It displays well 
the generic attributes of this class of convection, with 
its dependence on enclosure geometry, orientation and 

thermal boundary conditions. It is particularly rich in 
its variety of flow regimes and thermal fields as well 
as having significant practical application. They also 
discussed the effect of pitch angle on the heat transfer 
inside the enclosure. E. Fuad Kent et.al. [11] conducted 
a study on laminar natural convection in right triangu-
lar enclosures and they found effects of flow patterns 
on the heat transfer. E.M. SPARROW et.al. [7] found 
out effects of orientation on the radiation/convection 
from pin fins in an open base plate array. Xu Xu et.al. 
[5] carried out a numerical analysis of laminar natural 
convective heat transfer around a horizontal cylinder 
inside a concentric air-filled triangular enclosure. 
They gave effects of Rayleigh number and aspect ratio 
on the Nusselt number. The buoyancy effect was 
modelled by applying the Boussinesq approximation 
of density to the momentum equation and the govern-
ing equations were iteratively solved using the control 
volume approach. K. Hooman [2] conducted a theoreti-
cal Analysis of Natural Convection in an enclosure 
filled with disconnected conducting square solid 
blocks to find out effects of number of blocks and 
porosity on the Nusselt number. He also gave Nu-Ra 
correlations by least square method and calculated 
heat transfer by assuming the blocks as an electrical 
resistant. A. Bairi [3] also gave a correlation for design 
of industrial equipment. He conducted experimental 
and numerical study inside a tilted rectangular cavity 
also investigated effects of tilt angle. G. Nardini and 
M. Paroncini [10] conducted experiment for natural 
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convection in a square cavity with discrete sources. 
Abhishek Jain [4] used cognitive computing to extend 
the range of Grashof number in numerical simulation 
of natural convection. Ram Satish Kaluri et.al. [6] ana-
lysed Bejan’s heat lines analyses of natural convection 
heat transfer in a right triangular enclosure and found 
out effects of aspect ratio and thermal boundary con-
ditions. A scaling analysis was performed for transient 
boundary layer established adjacent to an inclined flat 
plate following a ramp cooling boundary condition by 
Suvash C. Saha et.al. [8]. S. Kenjereš et.al. [9] studied 
Rayleigh-Benard convection numerically and experi-
mentally. Work on the interrupted fins [12-14] was car-
ried out. Mehran Ahmadi et.al. [13] studied numerically 
and experimentally natural convection from rectangu-
lar interrupted fins similar to an heat sink having rec-
tangular fins. He suggested that the interruptions will 
increase the heat transfer rate by resetting/interrupting 
the thermal and hydrodynamic boundary layers. 

Radiation heat transfer plays a key role in heat trans-
fer from fins some authors reported including E.M. 
Sparrow [7] that the radiation heat transfer contributes 
between 25 to 40% of total heat transfer from fin ar-
rays in naturally cooled heat sinks. Large number of 
computational study has been carried out in triangular 
enclosures, there is no generalized correlation to pre-
dict heat transfer in triangular enclosures. To the au-
thor’s knowledge no previous studies had been con-
ducted on natural convection heat transfer inside a 
triangular enclosure with rectangular staggered fins. 
Therefore comparison of present data was not possible 
from previous data. Although some studies on triangu-
lar enclosures of different aspect ratios without fin and 
a single heater placed inside the cavity instead of fins 
are available.  

In spite of number of existing literature on topic of 
natural convection inside the enclosures our review 
indicates that the focus has been mostly on the contin-
uous fin and pin fin, no in depth study has been per-
formed to investigate the natural convection heat 
transfer from staggered fins inside an enclosure which 
is more close to practical applications. As such in this 
paper we aim at investigating the effect of fin spacing, 
fin distance and Ra on natural convection inside a 
triangular enclosure. A proper selection of fin spacing, 
fin distance, Ra and orientation can lead to higher heat 
transfer. Thus, two different correlations have been 
developed and predicted results were compared with 
experimental one to find out the deviations associated 
with correlations. 
 
MATERIAL NAD METHODS: The set up as shown 
in figures 1(a) & 1(b) consists of a triangular enclo-

sure of window glass of 3.5 mm thickness of internal 
dimensions 315×200×100 푚푚3 and enclosed by a 
sloping 1 mm thickness mild steel water tank of di-
mensions 347×200×20 푚푚3. A frame made up of 
plywood having 12.7 mm thickness is filled with glass 
wool above which the triangular enclosure setup was 
mounted. The frame was designed such that it can be 
positioned in two orientations i.e. vertical and hori-
zontal. Effective thickness of glass wool was kept 100 
mm and on other sides it was 50 mm. 

The power input wire and thermocouple wires adjust-
ed in the frame. It was made air tight to prevent possi-
ble heat loss from the frame. A heater of nickel-
chrome wire of 1mm diameter was made up of dimen-
sions 315×200 푚푚2 to produce heat for finned base 
plate. This heater was place on mica board followed 
by asbestos board, glass-wool, galvanized steel box 
respectively to prevent the possible heat loss to the 
other direction. The number of turns of wire was kept 
high to produce heat uniformly over base plate. The 
base plate thermocouples were adjusted in such a way 
that these should not disturb the convection cells.  

Table 1: Shows total 13 sets. 

S. 
No. 

SPACING 
S (mm) 

DISTANCE 
D (mm) 

THICKNESS 
T (mm) 

NUMBER 
OF FINS 

1 25 10 1 44 

2 25 17 1 40 

3 25 24 1 36 

4 37 10 1 18 

5 37 17 1 15 

6 37 24 1 13 

7 37 10 3 18 

8 37 17 3 15 

9 37 24 3 13 

10 65 10 1 6 

11 65 17 1 5 

12 65 24 1 5 

13 BARE 
PLATE ….. ….. 0 
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A total of six thermocouples were installed in three 
rows each having two. Similarly, total four thermo-
couples were inserted in the water tank to take the 
temperature of cold plate. Each wall of enclosure was 
having one thermocouple to take the temperature of 
walls. Two thermocouples were placed nearby to the 
enclosure to take the ambient temperature.  

The heater was connected to an AC auto transformer 
and a voltage supply of 10, 20, 30, and 40 volts was 
maintained and measured by a Digital Multi-meter of 
accuracy ±0.8%. All the thermocouple readings were 
recorded manually using a digital temperature indica-
tor having accuracy of ±0.1℃. The base plate was 3 
mm thick pure aluminum sheet and fins of 1mm and 
3mm thick sheet. The pitch of fins was kept two times 
of spacing in longitudinal and equal to spacing lateral 
direction. Total 13 set shown in table.1 were run to 
find out effects of various parameters on heat transfer.  

The fins on the base plate were physically attached 
with the help of bolts through the drilled hole in both 
base plate and fins. Tight physical contact was en-
sured in each set up. All the set were produced manu-
ally in the workshop. 

 
Figure 1(a): pictorial view of horizontal test bed. 

 
 

Figure 1(b): pictorial view of vertical test bed. 
 

Formulation: Dimensionless Rayleigh number was 
found using relation: 
 Pr                  (1) 
Heat transfer by natural convection was determined 
by subtracting radiation and conduction loss through 
the glass wall to the environment from heat generated 
by heater. 

                       (2.a)     
                                           (2.b)  
Heat transfer coefficient was found using the relation: 
                                                             (3) 
and this was used to find out the average Nusselt 
number using relation: 
                                                                   (4) 
with the help of above equations (1)-(4) average 
Nusselt number was found. 

Empirical correlations: Two different correlations 
have been developed from the experimental data to 
give the in the form of Ra, spacing S and distance 
D respectively for 1 mm thick fins. It has been found 
from the analysis that varies with Ra, S and D. 
Hence, a correlation between dimensionless parame-
ters has been developed for both orientations. 

 
Figure 2(a): Plot of predicted nu vs experimental 

nu in vertical enclosure. 
 
(a)Vertical orientation: 

 
 
(b) Horizontal orientation 
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Figure 2(a): Plot of predicted nu vs experimental 

nu in horizontal enclosure. 
The experimental data was fitted using regression 
analysis to find out an expression for . These are 
developed for the range of parameters 1779341 ≤ Ra 
≤ 5559546, 0.25 ≤ S/H ≤ 0.65 and 0.1 ≤ D/H ≤ 0.25. 
The predicted values of Nusselt number were calcu-
lated using the developed correlation and were com-
pared with the experimental result. The maximum 
percentage error was found 6.2% in vertical orienta-
tion and 11.18% in horizontal orientation. The pre-
dicted and experimental values were plotted in fig 
2(a), 2(b) to show the distribution of deviations in the 
Nusselt number for both orientations. 
 
RESULTS AND DISCUSSION: The experiments 
were performed to find out the effects of different fin 
arrays on the free convective heat transfer in both 
orientations i.e. horizontal and vertical. The uncertain-
ty associated to all the parameters was found out and 
based on all parameters uncertainty, the uncertainty in 
Nusselt number was found for both the orientations 
i.e. vertical and horizontal orientation. 

The variation of 푁푢̅̅̅̅ with S can be attributed to the 
dependence of heat transfer rate in enclosed air layer 
upon the competition between the effects of following 
factors (1) decrease in heat transfer due to insertion of 
fins because maximum heat transfer occurs near to the 
intersection of base wall and inclined wall. The inser-
tion of fins might disturb the convection cells (2) the 
increment or the decrement in the S or no. of fins 
causes the disturbance in the intensity of convection 
cells (3) increase or decrease in the number of convec-

tion cells. . Increasing the number of convection cells 
leads to higher heat transfer rate. With increment in 
spacing the resistant to flow of convection cells de-
creases resulting in higher heat transfer. 

The staggered array of fins leads to smaller convec-
tions cells resulting in reduction of heat transfer. For 
both the orientations with increment in fin density the 
S decreases which causes smaller convection cells 
hence heat transfer rate decreases in the cavity. With 
increasing Ra the rate of heat transfer increases and 
variation of 푁푢 ̅̅̅̅ with Ra is observed periodic in some 
cases. For vertical triangular enclosure without fins a 
flow field is characterized by a single large stable 
convection cell that rises along heated wall and de-
scends along the cold wall and with insertion of fins 
that get disturbed resulting in the reduction of 푁푢 ̅̅̅̅ or 
the heat transfer. 

In horizontal orientation the difference is very less in 
푁푢̅̅̅̅ and in vertical orientation the variation is signifi-
cant. It can be stated here that in vertical enclosure 
staggered fins are having significant effect on heat 
transfer because of stable convection cells. Due to 
more fin density the convection cells got disturbed 
contributing to reduction in heat transfer which we 
can’t overcome by simply increasing surface area. 

It can be observed in any case that the 푁푢 ̅̅̅̅ increases 
with increase in Ra. This can be attributed to the in-
crease of buoyancy force over the viscous force. 
Buoyancy force enhances the driving force of convec-
tion cells which increase the flow intensity of the con-
vection cells which increases the heat transfer. Also 
increasing Ra increases the mixing within the air en-
closed due to increased turbulence of vortices that 
result in higher heat transfer. 

CONCLUSION: The results show effects of parame-
ters like distance, spacing, Rayleigh number and 
thickness for a single aspect ratio enclosure. The un-
certainty in all the parameters accounts in the meas-
urement of the Nusselt number. Some important find-
ings were pointed out during the experimentation- 

a) The Nusselt number increases with increase in Ray-
leigh number. In some cases the variation was ob-
served periodic. 

b) The fins having thickness 1mm were more effective 
than the fins having thickness 3mm. So, thin fins are 
more suitable inside the enclosures. 

c) The effect of fin distance was observed much in 
vertical orientation as compares to horizontal orienta-
tion. 
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d) Deviations in correlation of horizontal orientation 
were observed more in comparison to vertical orienta-
tion.  

Nomenclature: 
Ra  Rayleigh Number 

  Average Nusselt Number 

S  Fin Spacing 

D  Fin distance from inclined wall 

H  Enclosure Height 

Th  Hot plate temperature 

Tc  Cold plate temperature 

A  Area of base plate 

h  Heat transfer coefficient 

 l  Characteristic length 

 k  Thermal conductivity of air 

 ν  Kinematic viscosity of air 

 β  Volume expansion coefficient 

Gr  Grashof Number 

Pr  Prandtl Number 

T  Fin thickness 

g  Acceleration due to gravity 

Q  Heat Supplied by Heater 

Qc  Convection Heat Transfer 

Qr  Radiation Heat Transfer 

Qe  Conduction Heat Transfer 

V  Voltage Supplied 

R  Resistance  
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