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SUMMARY 

Experiments have been conducted to study the effect of the gap width 
on the rate of heat transfer by free convection to water in a rectangular 
gap between parallel, and relatively short plates open at the upper side. 

The results show that 
heat transfer decreases and 
is predominant whilst the 
negligible. 

They are presented in 
of the Nusselt number on 

as the width of the gap decreases the rate of 
for very small widths conductive heat transfer 
free convection heat transfer becomes almost 

graphical form indicating the interdependence 
the product of Prandtl and Garshof number. 

1. INTRODUCTION 

The heat transfer from vertical plates to air has been investigated by a number 
of investigators. 1-4  Similarly, the heat transfer from vertical parallel plates to the 
enclosed liquids between them has also been studied.° 

The heat transfer to a rectangular body of water enclosed, with the exception 
of the upper side which communicated with a cooled section, between short vertical 
copper plates facing each other and kept at the same temperature has been studied 
in the following, whereby the effect of the distance between the plates has parti- 
cularly been investigated. Thus, the bottom of the gap between the plates was 
kept closed and a flow pattern established characterized by two loops as shown 
in Fig. 1. 

2. EXPERIMENTAL ARRANGEMENT 

It consisted of two wooden blocks in which the copper plates were embedded. 
Behind these plates two rectangular copper boxes were fixed, which contained the 

heater coils. They were connected to a variac with which the voltage could be 
controlled, and thus the 'Bath temperature'. The two wooden blocks were sepa- 
rated along the circumference by U-type wooden pieces which determined the 
distance between the plates. The top of the gap thus formed opened into a 
cylindrical wooden compartment, in which two copper U-tubes were placed through 
which water was passed, to remove the heat. The details are shown in Fig. I and by 
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Fie. I. Apparatus for studying heat transfer by convection from parallel 
plates to fluids. 

Plate IX. The copper plates measured 6" x 1" X i" (150 mm. x 25 mm. x 3 -10 mm.). 
Three copper-constantan thermocouples were inserted at the back of each of these 
plates as shown in Fig. 1. Into the cooling tubes also, copper-contantan thermo- 
couples were inserted for measuring the inlet and outlet water temperatures. The 
quantity of cooling water was measured which was supplied from an overhead tank 
and through a control valve. 
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A copper-constantan thermocouple probe was introduced from the top into 
the apparatus to check for any temperature gradient along the central plane between 
the plates. In the case of the 1" and 4" wide gaps another thermocouple was intro- 
duced in a horizontal plane at the mid-height of the plates to measure the Bath 
temperature'. The thermal e.m.f.s were measured on a precision potentiometer 
with an accuracy of ± 0.01 my. 

The heat removed by the cooling tubes was supplied by the top section of the 
gap which in the case of the two smallest distances was 1" x in and I' x r. As 
this area was very small and the investigations were confined to th: study of free 
convection without change of state higher temperature differences were difficult 
to realise without boiling, and thus were not attempted. 

3. EXPERIMENTAL PROCEDURE 

The apparatus was filled with distilled water upto the top. The heater was 
switched on and the cooling water adjusted to give a steady 'Bath temperature' 
which was maintained for at least an hour before readings were taken. The 
desired 'Bath temperature' could be obtained by adjusting the quantity of cooling 
water in the system, or by varying the voltage on the heater coils. The readings 
were recorded at different times of the day and also on different days to check 
their accuracy. A series of experiments was conducted with the following gap 
widths: 

1", r, 	+" and 3". 

In all the above cases except in 1" and V  the non-dimensional groups N G,, 

and Npr  were determined, and also the heat transfer coefficient h. 

4. EXPERIMENTAL RESULTS 

They are expressed in terms of the following non-dimensional groups: 

h D 
Nusselt Number == NNu 

Prandti Number -= 	= N 
k 	Pr 

Dapst3g4  I 
Grashof Number = NG r = 

it
2 

where 

h 	Film coefficient of heat transfer of water Bhr-'ft-2 F-1. 

D = Height of the plate ft. 

k --= Thermal conductivity of water Bhr- '11-1F-1. 

= Dynamic viscosity of water lbft -2  hr -1 . 

b 2 
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C„ := Specific heat of water B/b„, -1  

p --= Density of water lb„, ft -3 . 

At = Difference in temperature between the plate and the centre of 
bath F. 

g = Acceleration due to gravity ft. hr. -2  

=...-.• 1  
Bath temperature (abs.) 

F-' 

Co ji, p aid k were calculated at the mean film temperature. The variation of 
the NN, with the product of the (N G , x Npr) has been plotted in Graph I, for the 
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three gap widths 1", is, 4". For the if and r widths the variation of h with At has been plotted, Graph 
2. The thermocouple probes showed that the temperature 

at the mid-plane between the plates was the same from bottom to top for the 1", 
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r, If' gap widths. 	In case of the it' and E widths the temperatures in the gap 
centres were very much higher than those at the top chamber. 
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GRAPH II 

5. DISCUSSION OF RESULTS, AND CONCLUSIONS 

It is seen from the above graphs that for gap widths from 1' to i" the heat flow 
is predominantly by convection, and for the other widths, i" and j", the heat 
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transfer is mainly by conduction. 	The fact that the temperature at the mid-zone 
between the plates was higher than that at the top chamber indicates that con- 
vection currents are not predominant any more for smaller gap widths, 	and that 
heat transfer occurs by conduction. 	The variation of the Nusselt number with 
kisk r x Npr ) is quite pronounced for 1 N width, and gradually 	decreases for -r gap 
width. 	This may be due to the fact that the convection currents are more pre- 
dominant in the case of larger distances between the plates. 

The results outlined above indicate that for the given configuration maximum 
heat removal occurs if the gap width is large. As the gap width decreases the 
rate of heat transfer by convection decreases and heat transfer by conduction 
increases. At the smallest gap width (r) heat is transferred only due to pure 
conduction. 

6. FUTURE WORK 

A photographic study of the flow pattern in the gap fitted with transparent 
side walls would yield more precise information as to where the mode of heat trans- 
fer changes. 

Longer plates with wider widths and higher heat fluxes would give more informa- 
tion regarding the transition from one mode of heat transfer to the other, and its 
dependence on parameters of the configuration considered. 
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