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Abstract— The performance of a wall mounted space comfort
heater has been studied with respect to the geometry of its
mounting condition. Tests were conducted in a laboratory with
the heater positioned at various heights from the floor and the
channel that is created by the various gaps with the wall on
which the heater was mounted. Tests were also performed with
the heater mounted on the wall whose emissivity was adjusted to
low, medium and high values as well as placing insulation
material on the wall directly behind the heater. The experiments
revealed an acceptable geometry of the heater’s mounting at
least 200mm above the floor, and 50 mm off-set from the wall.
The heater’s mounting against the wall caused a drop in
performance of about 15% of it’s maximum “benchmark”
performance (with an efficiency of about 41%) achieved when
the heater was freely standing on the floor of the laboratory.
This efficiency, based on the convective heat transfer generated
by the heater’s warm/hot surfaces, is relative to the electrical
energy input. The heat transfer by radiation from the heater’s
surface is treated as net loss to the walls of the
room/enclosure. The performance of the heater when mounted
against the wall improved almost to the benchmark value when

the wall behind the heater was made refelective (low
emissivity).
Keywords — Calorimetric measurements, Heat transfer

modes, Natural Convection, Net Radiation, Grashof, Nusselt
and Prandtl numbers.

1 INTRODUCTION

Numerous researches on the natural convection mode of
heat transfer (HT) from a heated vertical plate to
surrounding air have been studied in great detail.
Research combining experimental and numerical
approaches to multi-mode heat transfer between vertical
parallel plates was conducted [1], with the aim to
determine the significance of radiation’s contribution to
the total heat transfer rate on a steel plate, in a relatively
big channel gap, and the validity of the isothermal surface
assumption. Geometry tests (variation of height from the
floor and gap space from the wall) were performed for a
vertical plate with insulation placed on the surface of the
plate facing the wall [2], attempting to match the results
with those obtained through a simulation using ANSYS.
The results showed an increase in the heat transfer
coefficient from the heated surface of the plate, when the
height with respect to the floor was smaller than the gap
space from the wall. An experiment was conducted on the
numerical analysis of the flow and heat transfer
characteristics [3] of buoyancy-driven air convection
behind photovoltaic panels to validate the effect of
different input heat fluxes and emissivity of the bounding
surfaces on the heat transfer across the air layer. Similarly
in another experiment [4], validation of the predicted
results for the mass flow rate, velocity, temperature rise

and location of neutral height (location where the pressure
in the air gap is equal to the ambient pressure) behind
solar cells located on vertical facades, was achieved by
varying the geometry of the air gap and the location of the
solar cell module.

In the present study, the heater’s performance was
evaluated at various geometries of its mounting and
compared to its bench mark performance when positioned
standing freely in the middle of the enclosure. This
performance was also investigated with the heater
mounted on the wall whose emissivity was adjusted to
low, medium and high values as well as placing insulation
material on the wall directly behind the heater.

The heat transferred from the heater’s outer surface to
the enclosure space was determined considering the air
properties at film temperature (defined as the average
temperature between the hot surface’s and the bulk of the
fluid’s temperatures), through the dimensionless numbers
presented respectively in [5] and [6], that enable the
determination of the coefficient of convective heat
transfer when combined in a relevant power law
relationship:

The Prandtl number is a dimensionless parameter
defined as the ratio of the fluid’s hydrodynamic to its
thermal boundary layer. The Prandtl number is expressed
as:
Pr=uxCp/k (1-1)

The Grashof number is a dimensionless parameter
representing the ratio of the buoyancy forces to the
viscous forces in the free convection flow system. The
Grashof number is expressed as:
Gro=p*xgxBx(Ts-T,)x L*/ (1-2)

The Rayleigh number is a dimensionless number
obtained through the product (function) of Grashof and
Prandtl numbers expressed as:
Ra;, = Function (Pr, Gry) (1-3)

The Nusselt number is defined as the ratio of the
convective to the conduction heat transfer in the boundary
layer, expressed as:

Nu,=hxL/k (1-4)



The equation shown below, as proposed by Churchill
and Chu [7], is the power law relationship that matches
the conditions of natural or free convection heat transfer
from an (assumed) isothermal heated surface in air, was
judged to match the conditions of this research

1

0.67Ra}

R
( 0.492)E
1+
Pr
(1-5)

The Coefficient of free convective heat transfer h may
be obtained using equation 1-4 above

Nu, =0.68+ for Ra, <10’

The Convection heat transfer rate from the surfaces of
the heater can be evaluated using the following equation:
Qconv =hx Ax (TS - Tw) 1'6)

In the present study, the global behaviour of heat
transfer through the vertical channel gap formed by the
heater’s inner surface and the wall that it is mounted on
was dealt firstly with the empirical formula 1-5 that
assumes the existence of a classical boundary layer on
both surfaces of the heater. Because of the disparity on
the heat balance on the heater by the sum of convective
and radiative heat losses with the electrical energy input, a
calorimetric approach for the measurement of heat
through the channel was adopted. This entailed
determining the amount of heat gained by the air stream
whilst flowing through the channel, given by the
relationship.

Qcal

= m Cpinlet (Toutlet - Tinlet) (1'7)

where,

M = Piplet X Vinlet X AC (1-8)

The equation for the net radiation heat transfer
between two infinitely parallel vertical surfaces and from
a vertical surface that does not see any part of itself
surrounded by an enclosure, was used for the evaluation
of the net radiation heat transfer inside the channel and
from the outer surface of the heater to the surrounding
enclosure’s walls respectively. It is given by:

Qi = o(T T, )((1-e)/(Asgr) +U(AF o) +H(1-85)/(Asks))
(1-9)

The parameters of the various dimensionless numbers and
equations 1-1 to 1-9 above are defined as follows:

A Surface area of the heater (m?)
A,A, Surface areas 1 and 2 respectively (m?)
Ac  Cross sectional area of the channel (m”)

B Coefficient of thermal expansion of the air (1/K)

Cp  Heat capacity of air at a constant pressure (J/kg/°C)

Cpintes Specific heat capacity of air at channel entry
(J/kg/°C)

€1, & Emissivity of surfaces 1 and 2 (dimensionless)

F,» Form or view factor between surface 1 and surface
2 (dimensionless)

g Gravitational constant (m/s?)

Gr.  Grashof number with respect to the characteristic
length of the heater (dimensionless)

h Coefficient of free convective heat transfer
W/(m>K)

k Coefficient of thermal conductivity of the air
(W/(m.K))

L Characteristic length (height) of the heater (m)

m Mass flow rate of air going through the channel
(kg/s)

i Absolute viscosity of air (kg/(m.s)) or (Pa/s)

Nup  Nusselt number with respect to the heater’s
characteristic length (dimensionless)

Pr  Prandtl number (dimensionless)

Qconv  Convection HT from the heater’s surface (s) (W).

Qca  Calorimetric HT through the channel (W)

Q> Net radiation HT between surface 1 and surface 2
(W)

Ra;  Rayleigh number with respect to the characteristic
length of the heater (dimensionless)

piner  Density of the air steam at inlet of the channel

(kg/m?)

c Stefan Boltzmann constant 5.67 x 10® W / (m”.X*)

Ts Temperature of the heater’s hot surface (K)

T,  Room’s air temperature (K)

Timer Temperature at the surface of the heater facing the
wall

Touwer Temperature of the heater surface facing the rest of
the enclosure (K)

Tiee Temperature of the air stream at channel entry (k)

Touter Temperature of the air stream at channel exit (k)

vinler  Velocity of the air steam at inlet of the channel
(m/s)

2 EXPERIMENTAL APPARATUS AND PROTOCOL

The tests were performed on a H 400W square model
heater with a side length L = 0.6m and a thickness of
10mm.

The following methodology was adopted:

i. The first part of the work was to evaluate the
performance of the heater mounted at a free position
inside the enclosure at a height of 200 mm supported
by a wooden frame.

ii. The heater was mounted against a normal grey wall at
a height of 200 mm (manufacturer’s recommendation)
from the floor and its off-set from the wall (S) was
varied from 10 to 60mm

iii. The heater was mounted against a normal grey wall at
a gap of 50 mm from the wall that was found to be the



optimal gap and its heights (H) were varied from 0 to
300 mm.
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Fig. 1. Wall mounted space heater

iv. The heater was mounted on the wall whose emissivity
was adjusted to low, medium and high values as well
as placing insulation material on the wall directly
behind the heater.

For each of the above experimental conditions, the heater
was connected to an electrical supply with a normal AC
voltage of 230V Assuming a unity power factor the input
power was calculated (391 W). K-type thermocouples
were used for all the temperature measurements on the
heater and wall surfaces, whilst a digital-probe
velocimeter was used for the measurement of velocity
plus temperature of the air stream through the channel.
The room’s air temperature was measured with
thermometers. Figure 1 depicts geometry of the heater
mounted against the wall.

3 RESULTS AND DISCUSSION

3.1  Experiment No 1: Heater operating freely
inside the enclosure

When placed freely in the middle of the enclosure far
from all walls, it was found that the heater delivered an
efficiency of 41% in warming the enclosure’s air, with
respect to the total electrical energy consumed. This
efficiency became the bench mark to which all other
results were compared.

3.2 Experiment No 2: Heater mounted at various
gaps from the wall.

Mounted against the wall, the evaluation of the heat
transfer (HT) to the enclosure’s space was made through
the fundamental equations used for HT from the heater’s
outer surface and the calorimetric equation for the HT to
the air stream through the channel between heater and
wall.

The heater’s performance at various gaps from the
wall is presented in the Figure 2.
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Fig. 2. Heat transfer components from the heater at various gaps
from the wall.

The wall-mounting caused the heater a loss of almost
15 % of its efficiency with respect to the benchmark
delivery. This resulted from sacrificing of almost 60% of
the performance through the channel and a recovery of
almost 30% of it from the outer surface.

The illustration of all the heat transfer components
displayed in Figure 2 reveals that the increase in channel
gap size between the heater and the normal grey wall
behind it resulted in an increase of the overall
performance of the heater, approaching a maximum value
around the gap of 50mm. The calorimetric HT through the
channel appeared to be the only quantity affecting the
overall heater’s performance, given that the convection at
the outer surface and all the radiation components of HT
remained constant with the gap variation. The heater’s
performance stays unchanged with further increase
beyond the gap of 50mm. As mentioned above, the
investigation of the temperature behaviour across the
channel enabled a better understanding of the increase of
the calorimetric heat transfer inside the channel with
respect to the gap size, towards the optimal performance
around the 50 mm gap, which is considerably higher than
the 20 mm gap recommended by the manufacturer.

The graphs pertaining to the temperature‘s behaviour
across the channel displayed a temperature profile that is
similar to the findings of La Pica et al. (1991) [8],
although their geometry was different from the geometry
in this research.



Temperature Profiles for various Gaps (room temperature 20°C)
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Fig. 3. Temperature profiles as a function of increasing the size
of the channel’s gap.

Figure 3 shows the behavior of the temperature profile
with the increase of the gap size. It can be seen that the
minimum value of the air’s temperature profile
approaches the room’s air temperature (20°C), as the gap
size increases

3.3  Experiment No 3: Heater mounted at various
heights from the floor

The heater was mounted at a distance of 50 mm away
from the wall (on the basis of the results from experiment
no. 2) and further tests of its performance were
conducted. The heater’s position was varied from it sitting
on the floor to 300 mm above it. Record of the
temperatures of the channel’s wall and the heater’s
surfaces were taken for all heights as well as the
temperatures and velocity of the air stream through the
channel. The subsequent analysis of these temperatures
for the evaluation of the heater’s performance is presented
in Fig. 4. The graphs in Fig. 4 reveal that the calorimetric
heat (Qcal) through the channel is as expected zero when
the heater is placed on the floor. From this zero starting
point, the graph increases gradually towards its peak
values around the height of 200mm which incidentally is
the height recommended by the manufacturer.
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Fig. 4. HT from the heater mounted at various heights from
floor.

34  Experiment No 4: The effect of changes of the
surface conditions of the wall behind the heater
This experiment involved the change of emissivity of the
wall behind the heater which would likely impact on the
net radiation losses from the heater’s inner surface and
possibly affect the heat transfer to the air in the channel
and the convection heat transfer from the heater’s outer
surface.
3.4.1 Black wall behind the heater
The heater was mounted at a height of 200 mm from the
floor and at the optimum distance of 50 mm away from
the wall (which was painted with mat black paint) and
further tests of its performance were carried out. The
black wall behind the heater absorbed the total radiation
emitted from the inner surface facing it. Part of this
absorption helped warm up the air of the channel which
affected the calorimetric heat transfer through the
channel. The amount of calorimetric HT through the
channel, when compared to the condition of normal grey
wall behind the heater, showed a small improvement
(nearly 9%), however there was an overall decrease of
more than 52% with respect to the maximum performance
(freely-mounted) or benchmark condition. The heater’s
overall performance when mounted on the mat black wall
is similar to that displayed when it was mounted on the
normal grey wall.
342 Black Insulated Wall behind the Heater
The heater was mounted at an identical position as in
experiment 3.4.1 (above) with an insulated black wall
behind it and further tests of its performance were
conducted. The outcome revealed that the channel’s
calorimetric HT reflects an improvement of more than
12% when compared to the normal grey wall mounted
condition, but just about 4% with respect to the black-
non-insulated wall condition. The overall performance
remained almost unchanged compared to the condition of
black-non-insulated wall behind the heater.
343 Shiny Wall
Aluminium foil (emissivity of 0.05) was used to make the
wall behind the heater highly reflective. The heater was
again mounted at its minimum/optimum height and gap.

The temperature of the air was measured as in previous
tests at the channel’s inlet and outlet. The results of this
experiment revealed that the heater recovered nearly all
its efficiency with respect to the benchmark value. With
an improvement of almost 20% of the calorimetric HT
through the channel and nearly 15% increase of natural
convection heat transfer at the heater’s outer surface,
meaning an overall improvement of 16% of the heater’s
efficiency compared to the normal grey wall mounted
condition. The 20% improvement inside the channel is
probably explained by the drop in net radiation heat loss



inside the channel, due to the reflection on the shiny wall.
The reflection is captured back by the heater’s inner
surface that hence undergoes a temperature increase,
which subsequently enhances the transfer of calorimetric
heat to the air rising in the channel’s space. Part of the
reflection captured by the inner surface is transmitted via
conduction through its thickness, to the outer surface of
the heater which also experiences a temperature rise. This
temperature increase at the outer surface subsequently
enhances the convection HT from the outer surface
(15%), however it generates an increase of radiation heat
transfer loss to the enclosure’s walls.

In summary, by making the wall behind the heater shiny,
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Fig. 5. Efficiency of the Heater with respect to the mounting
wall’s conditions.

the overall efficiency of the heater was shifted or
increased to 40%, bringing it closer to the 41% which is
the benchmark based on the freely standing condition
within the enclosure.

The overall comparison of the heater’s performance
resulting from the various experiments, with respect to the
benchmark or maximum performance is displayed in
Figure 5. The graphs pertaining to the temperature‘s
behaviour across the channel displayed a temperature
profile that supported the findings of La Pica et al. (1991)
[9], although their geometry was different from the
geometry in this research.

4 CONCLUSION

The performance of the heater has been studied with
respect to the geometry of its mounting. Gaps from the
wall as well as the heights from the floor were the
respective mounting geometry parameters that affected
the heater’s performance. It was found that gaps of at
least 50 mm as well as heights above 200 mm appear to
be the mounting geometry that provides the heater with a
better performance. The temperature profiles in the
channel revealed that a channel gap of at least 50 mm
accommodates effectively the room temperature and
hence establishes a better heat sink condition for
improved/optimal heat transfer through the channel.

Further tests were conducted with the heater mounted
at the optimal height and gap, against the high emissivity,
insulated high emissivity and low emissivity walls.

In summary, the results of the various experiments
revealed that the maximum performance of the heater was

about 41%, achieved with the heater operating freely in
the middle of the enclosure far from the walls. Mounting
the heater against the wall causes its overall performance
to fall to 34% of which only 30% of it is transferred
through the channel. When mounted at optimum height

and gap against the highly reflective wall (low
emissivity), the heater recovers almost all of its
performance.

It is recommended that further research should be
undertaken to thoroughly investigate the “mode” of heat
transfer, by the self-induced flow through the channel, in
a more formal or scientific modelling approach, that
would cater for the particular geometry of the channel.
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