
,
-S*

Influence of Natural Convection on the Thermal Properties

of Insulating Porous Medium with Air Cavity

V. Shankar, C.E. Hagentoft
Department of Building Physics

Chalmers University of Technology
S-412 96 Gothenburg, Sweden

“,

1 Abstract

The influence of natural convection on the thermal properties of insulating porous medium with
air cavity is studied, Here, the combined effect of air movement in the air cavity and the air
movement inside the insulation is evaluated with the help of numerical analysis. The influence of
total natural convection on the thermal properties of mineral wool, loose-fill insulation, insulation
made of small and large polystyrene ball with air cavity are studied. The results are presented in
terms of dimensionless numbers and the temperature distribution across the insulation.

2 Introduction

The knowledge of temperature distribution and the heat transfer flow rate within the conductive
body are important. In the determination of the temperature distribution the boundary conditions
can either be a specification of the surface temperature directly or the specification of heat flow
rate to and from the surface. In case of insulating porous materials with low density and high
permeability the convective conditions on the surface are often the controlling factors, i.e., the
heat flow resistance in the conducting body is much smaller than the resistance due to convection
at the surface, with the result that the conditions on the surface and not on those with in the body
itself regulate the heat flow.

When the fluid particles that carry heat along in the form of internal energy and is influenced by
the external forces to create its motion, this type of heat transfer is termed as forced convection.
Where as, when the motion of the fluid is buoyancy induced, the same is refered to as natural
convection.

3 Horizontal Insulating Medium with Air Cavity

The physical situation and coordinate system for horizontal medium with air cavity is shown in
Fig. 1 The conservation equations for the porous layer, as mentioned earlier, are based on the
fact that the Darcian law holds good and the effect due to buoyancy are taken in to consideration.
The mean flow equations for two dimensional steady case for the air cavity can be formulated as
follows.

a. Continuity:

: (pu)+$ (pv)=o

b. Momentum:
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c. Energy:
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Figure 1: Schematic diagram of the physical model.

a. Continuity:

: (u~)+$ (VD)= o

b. Momentum:

c. Energy:

‘D+(’)+v”$(’)=a:(+’)+a:($’)+%
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The two sets of equations are coupled by the following synchronization conditions of the fluid (air
cavity) /porous layer interface.
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Figure 2: The influence of temperature difference on Rayleigh’s number (2. a) , Nusselt’s number
(2.b) and temperature profiles (2.c) in Loose - Fill insulation (permeability, K = 0.75+ IOE - 08)
with air cavity.

(14)

The continuity of the temperature, heat flux, normal and the tangential velocities, and the pressure
across the fluid/porous interface are expressed in Eqs. 9, 10, 11, 12 and 13 respectively. The
adherence of the derivatives of the normal and shear stress are given in Eqs. 14 and 15. It is
assumed that p~f f = pf. In order to combine the two sets of equations, the above equations are
solved in dimensionless form.

3.1 Boundary Conditions

To solve the above set of equations, following are the thermal boundary
heat transfer problems: a. Dirichlet condition (imposed temperature)

T=Th

for ‘warm’ surface. b. Nuemann condition (imposed heat flux)

T = T(z)

for ‘cold’ surface.

3.2 Heat Transfer Results

conditions often used in

(16)

(17)

The overall heat transfer rate across the enclosure is expressed in terms of Nusselt’s number which
is defined as

N.=; (18)

In a steady state, for a global system, the Nusselt’s number is a characteristic of the heat exchange.
Nusselt’s number is a function of Rayleigh’s number and for horizontal porous layer and is evaluated
at any horizontal plane and is calculated as follows [7].

00

Nu =
+ f:(k~ - pfcfVT)8X

–8Ak/K
(19)
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Figure 3: The influence of temperature difference on Rayleigh’s number (3. a) , Nusselt’s number
(3.b) and temperature profiles (3.c) in Loose - Fill insulation (permeability, K = 1.0* IOE - 08)
with air cavity.
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Figure 4: The influence of. temperature difference on Rayleigh’s number (~. a) and temperature
profiles (J. c) in Loose - Fill insulation (permeability, K = 1.5* IOE – 08) with air cavity.
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Figure 5: The influence of temperature difference on Raqlei.qh’s number (5. a) , Nusselt’s number
(5;b) and temperature pro~les (5.c) in Loose - Fill insulation (permeability, K= 6.0* IOE – 08)
with air cavity.
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4 Influence of Thickness of Insulation and Temperature Dif-
ference

The influence of thickness of insulation and temperature difference, on Rayleigh’s number in hor-
izontal insulation made of mineral wool with air cavity is shown in Fig. 2a. The magnitude of
Rayleigh’s number increases with the increase in the temperature difference between hot and cold
surface of the insulation and the thickness of the insulation. From Fig.2a we can conclude that
there is a considerable influence of air flow in the air cavity on the natural convection or the ther-
mal properties of the insulation. We can also infer that greater the thickness of the insulation
stronger is the influence of air movement in the air cavity on the natural convective effects on
the thermal properties of insulation. Fig. 2b shows the influence of temperature difference on
the natural convection (Nusselt’s number) in horizontal insulation, made of mineral wool, with
air cavity. Also the effect of natural convection (Nusselt’s number is a measure of natural con-
vection) decreases by 10 to 12 percent as shown in Fig. 2b, when the thickness of the insulation
is decreased by 10 cm, at a temperature difference of 45°C. We can see from the same that the
influence of convection increases with the increase in temperature difference over the insulation
and the thickness of insulation. The temperature profiles in Figs. 2c, 3c, 4b and 5d for mineral
wool, loose - fill insulation, insulation made of small polystyrene balls and insulation made of large
polystyrene balls respectively are shown. There is a clear penetration of air from the air cavity
into the insulation since the deviance in the value of temperature near the boundary between the
insulation - air cavity boundary is considerable.

5 Results and Discussion

The work presented in this report deals with the influence of convective flow on the global heat
transfer rate in insulation with an air cavity. Numerical investigations are carried out to predict
the combined influence of convective flow on the thermal properties of mineral wool, loose - fill
insulation, insulation made of small polystyrene balls and insulation made of large polystyrene
balls with air cavity. Air permeability and the thickness of the insulation are the most significant
parameters for the influence of natural convection on the global heat transfer rate in porous medium
(insulation). The main conclusions of the results obtained are summarized below.

1. Conducting numerical investigations in the case of horizontal insulating medium with air
cavity is of great practical interest since this can be directly coupled to attic configurations, where
the influence of air movement in the air cavity has an influence, to a great extent, on the thermal
properties of the loose - fill insulation.

2. The flow in air cavity tends to increase influence of convection or the global heat transfer
rate on the thermal properties of the insulation. Due to the convective flow in the air cavity the
magnitude of Reyleigh’s number increases by approximately 7 percent.

3. Since, the value of Reyleigh’s and Nusselt’s number is a measure of the influence of natural
convection on the thermal properties of the insulation, Figs. 2a, 2b, 3a, 3b, 4a, 5a, and 5b indicate
that with an increase in permeability of the insulation, leads to an increase of air movement in the
insulation and therefore an increase in the influence of natural convection on the thermal properties
of the insulation.

4. The flow inside the air cavity has a tendency to increase the net effect of convection (Nusselt’s
number) on the thermal properties of the insulation.

5. There is a clear purging of air from the air cavity in to the insulation as shown in Figs. 2c,
3c, 4b and 5c.

6. The insulation thickness, thickness of the air cavity and temperature difference play an
important role on the magnitude of Rayleigh’s number, and inturn on the global heat transfer rate
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