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ABSTRACT 

Natural   convection from vertical surfaces with large surface element is encountered in several technological 

applications of particular interest of heat dissipation from electronic circuit. Natural convection represents an 

inherently reliable cooling process. Because of boundary layer development, the tall  vertical fins restrict the heat 

transfer enhancement.  .  This heat transfer enhancing technique was investigated for natural convection adjacent to 

a vertical heated plate  with a multiple v- type partition plates (fins) in ambient air surrounding.  As compared to 

conventional vertical fins, this v-type partition plates works not only as extended surface but also as flow turbulator.  

In order to enhance the heat transfer, V-shaped partition plates (fins) with edges faced upstream were attached to the 

two identical vertical plates.  The mica gladded nichrome flat heating element was sandwiched in between these two 

base plates.  It is supplied with stabilized A.C.supply.  The electrical heat input was controlled through dimmer stat 

and measured using a wattmeter.  The V-type partition plates with two different heights were tried.  The heat 

transfer in the downstream  region of the partition plate is markedly enhanced when the plate height exceeds certain 

critical values because of  the  inflows of the low temperature fluid into the separation region.  It was observed that 

among the three different fin array configurations on vertical heated plate, V-type fin array design performs better 

than rectangular vertical fin array and V-fin array with bottom spacing design. The performance was observed to 

improve further, with increase in the height of the V-plates (fin height). 
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NOMENCLATRE:  

As - Total surface area 

Gr  - Grashoff number 

K - Thermal conductivity of fluid, W/m K 

L - Characteristic dimension – height of the test plate, m 

Nu - Nusselt number. 

Pr - Prandtl number 

q - Heat flux, W/m
2
 

ha - Average heat transfer coefficient/m
2
K 

hb - Base heat transfer Coefficient, W/m
2
K 

Ts - Average surface temperature, K 

Ta - Enclosure temperature, K 

Tmf - Mean film temperature 

 - Dynamic viscosity, Kg/m s 

ß - Volume expansion coefficient, /K 

 - Kinematic viscosity, m
2
/s 

Cp - Specific heat of Air, J/Kg K 

 

1.   INTRODUCTION  

The active heat transfer enhancement techniques have not found commercial interest  because of the capital and 

operating cost of the enhancement devices.  The majority of passive techniques employ special surface geometry or 

fluid additives for enhancement i.e. no direct application of external power.  Whenever it is difficult to increase the 

rate of heat transfer either by increasing heat transfer coefficient or by increasing the temperature difference between 

the surfaces and surrounding fluid, the fins are commonly used.  The tall vertical fin array restricts the heat transfer 

enhancement from tall vertical base plate.  This is because of the boundary layer thickening and subsequent 

interference developed over the height.  To obtain an appreciable improvement of the heat transfer in case of the 

horizontal fin array, the fin height may be increased. 
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The work by Prasolov [1], Heya et al [2], Fujii et al [3], Bhavnani and Bergles [4] suggest that the roughness 

elements whose height is less than the boundary layer thickness will have no appreciable influence on the heat 

transfer of natural convection and these elements will work as flow retarder rather than the heat transfer promoter. 

In order to dispose off the boundary layer restrictions and develop a compact high-performance heat transfer plate, 

some investigators have developed horizontal partition plate and V-shaped plates.  Firstly, Misumi and Kitamura [5] 

have reported an experimental work on enhancement of natural convection heat transfer from vertical plate having a 

horizontal partition plate and V-plates in the water ambience.  They found that the heat transfer in the downstream 

region of the partition plate is markedly enhanced when the plate height exceeds certain critical values because of 

the inflow  of the low temperature fluid into the  separation region.  For vertical plate with V-shaped fins, Misumi 

and Kitamura obtained 40% higher heat transfer coefficient than the conventional vertical fins.  From the results, 

authors observed that the ratio of the heat transfer enhancement exceeds the ratio of the surface enlargement. 

Guillaum polidori and padet [6] studied natural convection on vertical ribbed wall experimentally with a wall 

boundary condition of uniform heat flux to get an idea about the roughness geometry influence on the heat transfer.  

Thus in the context of above work, it was decided to undertake experimental investigation on V-type fins, which 

seems to be more promising over conventional vertical fin arrays. 

 

2.   EXPERIMENTAL INVESTIGATION 

The literature survey reveals that so far the study of natural convection heat transfer using V-type fins was confined 

to water as ambient fluid.  In practice air is a  common heat-dissipating medium,  hence in the  present work it was 

decided to use air as the ambient fluid. 

Fig. 1, to Fig. 4 show the types of test plates viz. a  plane vertical  plate, vertical plate with vertical fins, vertical 

plate with V-fins with bottom spacing and vertical Plate with different V-type fins  

 
 

Fig. 1: Plain vertical test plate (250m x250mm) 
 

Fig. 2: Vertical fin array (Fin height=20mm) 

 

 
 

Fig 3: V-fin array with bottom spacing (20mm) 

 

 
 

Fig. 4: V-fin array (Fin height = 20mm) 
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The experimental set up is as shown in the fig. 5.  The  base plates used for the experiment were made of 3mm – 

thick 250mm – high, 250mm – wide aluminium.  Aluminium glue was used to stick all the fins as pert different 

combination on plain vertical plate of aluminium.   Tapping was done at different suitable locations (10 points) to tie 

the thermocouples.  Aluminium plates of 3 mm thick, 250mm long of different widths ranging from 20mm to 38mm 

were used as a material for generating vertical rectangular fins and different V-type fins. The rated power  of 500 

Watts, 2 Amp at 230 volts, mica claded,  thin plate type, 250 mm long and 250 mm wide square electrical heater  

wire was sandwiched  between the symmetrical vertical base plates. 

 

 
Fig. 5: Experimental set up for investigation 

 

The spread of the sandwiched electrical heater ensured almost uniform surface temperature of the  test plates.  The 

heater was supplied with stabilized a/c current through dimmer stat and wattmeter.   Multi – range wattmeter of 

75V/150V/300V and 1A/2A was also used.  For the purpose of local temperature measurement of the test plates, ten 

calibrated copper-constantan thermocouples were put up on the test plates at suitable location.   Out of these, six 

were centrally tapped and three were put up at corners.  In case of V-plate fins, one thermocouple was placed below 

the V corner and another in the V corner.  A separate thermocouple was used to measure the ambient temperature in 

the enclosure.  A calibrated digital temperature indicator was used to measure the thermocouple output. 

 Heat inputs of 25, 50, 75,100, watt were used.  The assembled  set up was hung in vertical position; in a box type 

enclosure under ensured good natural convection conditions.  All the readings were recorded under steady state 

conditions. 

 

3.  RESULTS AND DISCUSSION: 

The experiments were conducted with the width of the partition plate (fin height) varying from 20mm to 38mm for 

all types of partition plates.  The results are given here to understand the variation of base plate heat transfer 

coefficient (hb) and average heat transfer coefficient (ha) for different set-ups. 

 The various equations used for calculating the Parameters under study are given below. 

ha =q/As (Ts – T∞)   (1) 

As=Area of base plate + Area  of V-Type Partition Plate. 

hb =q/Ab (Ts – T∞)   (2) 

Nu = ha L/K    (3) 

Pr = Cp   /K    (4) 

Gr =g. ß (Ts – T∞) L
3 
/ 

2
                 (5) 

 

The air properties at mean film temperature were used.  For the purpose of comparison, the Test Plate area including 

area of the partition plates (if any) was kept same in all the cases. 

The variations of the average heat transfer coefficient (ha) with temperature difference (∆t) for plain vertical plate, 

vertical plate with vertical rectangular fins, and V-type of fins, heights ranging from 20mm to 38mm are shown in 

the figure no. 6, 7,and 8. 
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Fig. 6: Variation of (ha) Vs (∆t)
o
c for vertical fin array 

 

 
 

Fig. 7: Variation of (ha) Vs (∆t)
 oc

 for V-fin with bottom  spacing type array 

 

 

 

 
 

Fig. 8: Variation of (ha) Vs (∆t)
o
c for V-fin array 
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For all three configurations, the increase in the average heat transfer coefficient ( ha) is steep in the initial stage and 

tapers down  later.  The average heat transfer coefficient for plain plate is greater than V-type partition plates 

because of no flow obstruction to flow of the fluid  

It is  further  observed that the base heat transfer  coefficient (hb) of V-type fin array is better than all other 

configurations.  The ( hb) for plain plate is least among all.  The V-type fin array better diminishes the stagnation 

high temperature fluid in upstream region of the plate.  Also it better redirects the high temperature fluid at the outer 

tip of it.Fig. 9, 10,11 shows effect of base heat transfer coefficient (hb) on temperature difference (∆t). 

 

 

 
 

Fig. 9:  Variation of  (hb) Vs (∆t)
o
c for vertical fin 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10:  Variation of  (hb) Vs (∆t)
o
c for V-Fin with bottom spacing array 
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Fig. 11: Variation of  (hb) Vs (∆t)
o
c for V-fin array 

 

 

 It is  thus observed that the base heat transfer coefficient( hb) for V-type fin array is better than all other types of 

partition plates.  

  

4. CONCLUSION: 

In this investigation work a totally new heat transfer technique is found out to increase the rate of natural convection 

heat transfer on vertical heated plate. 

The V –type fin array can be seen as the combination of a horizontal and vertical partition plates. For the same 

surface areas, V-type partition plates gave better heat transfer performance than vertical rectangular fin array and V-

fin with bottom spacing type array. It is thus anticipated that a low pressure suction region is created in the nose 

region on the down stream side of each V-fin which eventually admits the low temperature ambient fluid from 

surrounding . This immensely helps to allow the inflow of the low temperature fluid into the separation region and 

increases the heat transfer rate.  
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