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Abstract – Heat transfer in window frames with internal air cavities is examined in this postulation. 
Examinations concentrate on two- and three-dimensional natural convection impacts inside air cavities, 
the dependence of the emissivity on the thermal transmittance. furthermore the emissivity of anodized 
and untreated aluminium profiles. The examinations are basically led on window frames which are the 
same measure as genuine frames discovered in residential buildings. 

---------------------------♦----------------------------- 
 

INTRODUCTION 

The energy performance of a fenestration item might 
be depicted by three parameters: The sum thermal 
transmittance (U-value), the aggregate sunlight based 
energy transmittance and the sum light transmittance. 
Assessing the aggregate sunlight based energy 
transmittance and light transmittance for the center of 
the glazing could be carried out as per EN 410 (CEN 
(1998)). These values can likewise be dependent upon 
the aggregate area of the window in agreement to 
ISO/dis 15099 (ISO (2001)). 

The thermal transmittance of the fenestration is 
dependent upon the thermal transmittances of the 
frame and the glazing what's more the direct 
transmission coefficient in the gathering between the 
confining and glazing. Thermal transmittance of the 
glazing is resolved utilizing EN 673 (CEN (1997a)), EN 
674 (CEN (1997b)) or EN 675 (CEN (1997c)) while the 
thermal transmittance of the frame and the direct 
transmission coefficient might be measured agreeing 
to prEN 12412-2 (CEN (1997d)) or ascertained as per 
EN ISO 10077-1 (CEN (1997e)) and prEN ISO 10077-
2 (CEN (2000)). 

The heat flow in a fenestration frame is muddled 
because of the unpredictability of the geometry. 
Subsequently twodimensional numerical methods 
conforming to EN ISO 10211-1 (CEN (1995)) must be 
utilized. A few programs have been produced for this 
reason. This study utilizes Therm advanced at 
Lawrence Berkeley National Lab, Usa. Therm is 
broadly utilized at the Department of Civil Engineering 

at the Technical University of Denmark for 
ascertaining the thermal transmittance of fenestration 
frames as per prEN ISO 10077-2. 

Be that as it may, extensive contrasts have been 
discovered between heat transfer coefficients for 
confining profiles with cavities figured as per prEN 
ISO 10077-2 utilizing Therm and measurements 
performed at Forschungsinstitut für Wärmeschutz e.v. 
München, Germany and Institut für Fenstertechnik, 
Rosenheim; Germany. This contrast between 
ascertained and measured outcomes have called for 
a further examination performed in the following. 

The energy performance of a fenestration item might 
be depicted by three parameters: The aggregate 
thermal transmittance (U-value), the aggregate 
sunlight based energy transmittance and the sum 
light transmittance. Assessing the aggregate sunlight 
based energy transmittance and light transmittance 
for the center of the glazing might be carried out as 
per EN 410 (CEN (1998)). These values can likewise 
be dependent upon the sum area of the window in 
agreement to ISO/dis 15099 (ISO (2001)). 

The thermal transmittance of the fenestration is 
dependent upon the thermal transmittances of the 
frame and the glazing also the direct transmission 
coefficient in the get together between the encircling 
and glazing. Thermal transmittance of the glazing is 
resolved utilizing EN 673 (CEN (1997a)), EN 674 
(CEN (1997b)) or EN 675 (CEN (1997c)) while the 
thermal transmittance of the frame and the straight 
transmission coefficient might be measured 
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concurring to prEN 12412-2 (CEN (1997d)) or figured 
as per EN ISO 10077-1 (CEN (1997e)) and prEN ISO 
10077-2 (CEN (2000)). 

The heat flow in a fenestration frame is confused 
because of the unpredictability of the geometry. Thusly 
twodimensional numerical methods following EN ISO 
10211-1 (CEN (1995)) must be utilized. A few 
programs have been created for this reason. This 
study utilizes Therm advanced at Lawrence Berkeley 
National Research center, Usa. Therm is generally 
utilized at the Department of Civil Engineering at the 
Technical University of Denmark for computing the 
thermal transmittance of fenestration frames as per 
prEN ISO 10077-2. 

In any case, respectable distinctions have been 
discovered between heat transfer coefficients for 
encircling profiles with cavities computed as per prEN 
ISO 10077-2 utilizing Therm and measurements 
performed at Forschungsinstitut für Wärmeschutz e.v. 
München, Germany and Institut für Fenstertechnik, 
Rosenheim; Germany. This contrast between 
ascertained and measured effects have called for a 
further examination performed in the following. 

PROFILES 

An aluminium and a PVC profile have been explored. 
Both profiles are average and indistinguishable to 
existing items. Figures 1a and 1b show the profiles. 
Open air atmosphere is on the left side for both 
profiles. 

 

Figure 1. Cross-sections of frame profiles of 
aluminium (a) and PVC (b). 

As in most fenestration frame profiles holding cavities, 
the cavities in these profiles have a vast impact on the 
thermal transmittance of the profile. Inspecting the 
aluminium profile demonstrates that the thermal break 
(focus of profile) differentiates the warm inside from 
the cool outside aluminium part of the profile. 
Nonetheless, the frame cavity above the thermal break 
around the glass bearing is discriminating. In this 
cavity the warm inside aluminium part of the profile is 
just differentiated from the outside by a little cavity. 
Consequently heat transfer over this cavity could be 
basic. 

Contrasted with the cavities in the aluminium profile, 
cavities in the PVC profile have a less yet still huge 
impact on the profile thermal performance because of 
lower thermal transmittance of PVC contrasted with 
aluminium. 

HEAT TRANSFER MODULE 

The Heat Transfer Module is utilized by item 
designers, designers, and researchers, who utilization 
nitty gritty geometrical depictions to study the impact of 
heating and cooling in gadgets or forms. It has 
modeling tools for the recreation of all components of 
heat transfer incorporating conduction, convection, 
and radiation. Simulations could be run for transient 
and relentless conditions in 1D, 1D axisymmetric, 2D, 
2D axisymmetric, and 3D space arrange frameworks. 

The elevated amount detail gave by these simulations 
allows for the enhancement of design and operational 
conditions in gadgets and methods impacted by heat 
transfer. 

 

Figure 2: Temperature and flow field in an aluminum 
heat sink and in cooling air that is pumped over the 
heat sink. The temperature and flow field are solved 
using detailed geometry and a description of the 
physics. 

The Heat Transfer Module's Model Library is an asset 
with illustrations of the heat transfer interfaces and 
the numerous accessible characteristics. The Model 
Library has instructive excercises and streamlined 
supplies and unit benchmark models for confirmation 
and approval. 

This presentation adjusts your COMSOL model 
building abilities for heat transfer simulations. The 
model excercise tackles a conjugate heat transfer 
issue from the field of electronic cooling however the 
standards might be connected to whatever possible 
field including heat transfer in solids and liquids. 

Idea of Heat Transfer Module: Heat is one 
manifestation of vigor that, like work, is in travel from 
inside a framework or starting with one framework 
then onto the next. This vigor may be archived as 
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dynamic or potential vigor in the particles and atoms in 
a framework. 

Conduction is the type of heat transfer that could be 
portrayed as corresponding to the temperature 
inclinations in a framework. This is figured scientifically 
by Fourier's law. The Heat Transfer Module portrays 
conduction in frameworks with consistent thermal 
conductivity and in frameworks where thermal 
conductivity is a capacity of temperature itself or of 
whatever possible model variable, for instance 
compound creation. 

On account of a moving liquid, the vigor transported by 
the liquid must be modeled in combo with liquid flow. 
This is alluded to as convection of heat and must be 
represented in constrained and free convection 
(conduction and convection). This module incorporates 
portrayals for heat transfer in liquids and conjugate 
heat transfer (heat transfer in solids and liquids in the 
one framework) for both laminar and turbulent flows. 
On account of turbulent flow the module offers high-
Reynolds or, then again, low-Reynolds models to 
exactly portray conjugate heat transfer. 

 

Figure 3: Heat transfer in a system containing a solid 
and a fluid (conjugate heat transfer). In the fluid, heat 
transfer can take place through conduction and 
convection, while conduction is the main heat transfer 
mechanism in solids. Heat transfer by radiation can 
occur between surfaces in a model. 

Radiation is the third instrument for heat transfer 
incorporated in the module. It is modeled utilizing 
articulations for surface-to-encompassing radiation for 
instance, by characterizing boundary conditions) and 
likewise by utilizing surface-to-surface radiation 
models, which incorporates outside radiation sources 
for instance, the sun). The surface-to-surface radiation 
abilities are dependent upon the radiosity method. 
Furthermore, the module likewise holds practicality for 
radiation in taking part media. This radiation model 
represents the retention, discharge, and dispersing of 

radiation by the liquid show between emanating 
surfaces. 

The premise of the Heat Transfer Module is the offset 
of vigor in a contemplated framework. The 
commitments to this vigor adjust begin from 
conduction, convection, and radiation additionally from 
idle heat, Joule heating, heat sources, and heat sinks. 
On account of moving solids, translational terms might 
additionally be incorporated in the heat transfer 
models, for instance for solids in pivoting hardware. 
Physical properties and heat sources (or sinks) might 
be depicted as subjective articulations of the indigent 
variables in a model for instance, temperature and 
electric field). The heat transfer comparisons are 
characterized immediately by the devoted physical 
science interfaces for heat transfer and liquid flow. 
The details of these mathematical statements could 
be envisioned in part for acceptance and check 
purposes. 

Physical properties such as thermal conductivity, heat 
capacity, density, and emissivity can be obtained 
from the built-in material library for solids and fluids 
and from the add-on Material Library in COMSOL. In 
addition, the module contains relations for the 
calculation of heat transfer coefficients for different 
types of convective heat transfer from a surface. For 
turbulent heat transfer, it also features relations that 
calculate the thermal conductivity in turbulent flow 
using the eddy diffusivity from turbulence models 
(sometimes referred to as turbulent conductivity). 

CFD MODELLING OF CONVECTIVE HEAT 
TRANSFER 

The window, due to its potentially large heat gains in 
summer and losses in winter, has been the subject of 
much research. The thermal performance of glazing 
systems was first studied using the simple one-
dimensional heat transfer analysis, (Ye 1999, Curcuja 
1993). Two dimensional flow modeling has shown 
that one dimensional heat transfer may lead to invalid 
results where two and three-dimensional effects are 
present, (Curcija 1993). Experimental studies using 
Mach-Zehnder interferometer to measure local 
convection coefficients on the plate for several slat 
angles and blind-to-window spacings showed that 
venetian blinds cause a strong periodical variation in 
local convection coefficient for certain angles, 
especially when the blinds are placed close to 
window, (Machin 1998). Recently several two 
dimensional finite element studies of this problem 
have been reported (Ye 1999, Philips 2001). 

Radiation hasn’t been taken into account in (Ye 1999) 
and in earlier work by Philips and Naylor, (Philips 
1999). Both papers concluded that when the blinds 
are placed closely to a window surface (less than 
20mm) radiation is a significant factor and should be 
taken into account. Later two dimensional studies did 
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take radiation into account. However, there is limited 
three-dimensional information on the performance of 
glazing systems with blinds. 

In this study a three-dimensional numerical solution 
has been obtained on the effect of a venetian blind on 
the conjugate heat transfer from an indoor window 
glazing. A solution has been obtained for the coupled 
laminar free convection and radiation heat transfer 
problem including conduction along the blind slats. 
The continuity, momentum and energy equations for 
buoyant flow assuming steady, laminar and 
incompressible flow were solved using commercially 
available CFD software. Grey diffuse radiation 
exchange between the window, blind and air has been 
considered using the Monte Carlo Method. All 
thermophysical properties of air were assumed to be 
constant except for density which was modelling with 
the Bousinesq approximation. Both winter and summer 
conditions were taken into account. For summer 
conditions so cold night case where no incident solar 
radiation is present was investigated. 

The window surface is fixed at a temperature Tw and 
the ambient at . In the computational domain the 
window represents an isothermal type boundary 
condition with no slip (zero velocity). The height of the 
domain has been extended beyond the blinds to allow 
for inflow and outflow regions. Fluid is allowed to 
entrain into the computational domain at ambient 
temperature in a direction perpendicular to the 
window. On the far left and far right end of the 
venetian blinds, zero derivate boundary conditions 
were applied. At the blind slat surfaces the boundary 
condition was set up as an adiabatic wall. 

Computational domain and boundary conditions are 
presented in Figure 4. The geometry of the model 
approximates real model. In practice windows would 
have frame effects and only the center-of-the glass 
region would be nearly isothermal. However the 
idealized geometry allows comparison with published 
data since it is a common assumption in both 
theoretical and experimental consideration of this 
problem. The assumption that the flow is laminar was 
made in both (Ye 1999) and (Philips 2001). The values 
obtained for Reynolds numbers in this work in general 
support that assumption as it will be discussed later in 
the paper. 

 

Figure 4 Computational domain 

CAVITY MODELS 

In the prEN ISO 10077-2, cavities in the analyzed 
profiles are partitioned into ventilated and non-
ventilated cavities, and impacts in regards to natural 
convection and radiation trade between surfaces in 
the cavities are differentiated. Subsequently particular 
models for convection and radiation trade are 
specified independently. In the inspected profiles no 
ventilated cavities exist, consequently this 
examination exclusively recognizes unventilated 
cavities. 

The convection and radiation models actualized in 
prEN ISO 10077-2 are generally basic and are both 
based on the change of all cavities into rectangular 
cavities with the same area and angle degree. Thus 
the convection model is dependent upon 
straightforward convection examinations for encased 
cavities, though the radiation trade model just think 
about radiation trade between the surfaces 
orthogonal to the heat flow of the changed cavities. 

In any case, for profiles with noteworthy internal 
cavities examinations demonstrate that the radiation 
trade model in internal cavities has a respectable 
impact on the by and large thermal performance. In 
profile a), this impact is normal particularly vital in the 
basic frame cavity at the glass bearing. Hence an 
exertion has been made to uncover a more point by 
point radiation trade model than the one depicted by 
prEN ISO 10077-2. ISO/DIS 15099 offers such an 
elective. 

ISO/DIS 15099 depicts a point by point, view factor 
based, radiation model where cavities are treated as 
diffuse, light black figure nooks. As opposed to the 
prEN model the ISO/DIS model recognizes the real 
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geometry of the cavities. Discharges factors of the 
cavity surfaces must be expressed. Therm actualizes 
the ISO/DIS 15099 model as a more itemized cavity 
model for radiation trade and has been connected on 
the acknowledged profiles. In the following, the impact 
of the connected radiation trade model in cavities are 
inspected. 

RELATIONSHIPS FOR FRAME CAVITIES 

A few examinations have been led to find Nusselt 
number correspondences for the geometries 
portrayed. Ostrach (1972) gives a survey of promptly 
work inside this area. Hoogendoorn (1986) and 
Ostrach (1988) present later surveys of articles DIS-
cussing distinctive parts of natural convection in such 
nooks. Natural convection heat transfer relationships 
from vertical and even surfaces (additionally for nooks) 
changed for building provision are checked on by 
Dascalaki et al. (1994). Further, reading material like 
Gebhart et al. (1988). Factories (1995). furthermore 
Kreith and Bohn (1997) additionally incorporate 
associations for convection heat transfer in walled in 
areas. The present work is concentrated on 
connections for circumstances pertinent for air cavities 
in aluminum facade frameworks, window frames and 
various glazing for structures. 

A full survey of all the expositive expression is not 
given, simply the connections that are prescribed and 
generally utilized. Due to the distinctions in the 
distinctive Nusselt number definitions I have attempted 
to attempted to detail under which conditions the 
analyses were directed, and for what assumptions the 
numerical simulations were made. Furthermore. I have 
specified what manifestation of Nusselt number that 
was utilized. Connections from universal standards will 
likewise be incorporated. First and foremost. some 
general comments are given 011 three-dimensional 
impacts 011 the Nusselt number and the boundary 
conditions typically discovered in numerical and trial 
examinations. 

DISCUSSION 

Computed and measured thermal safety show an 
extensive distinction between figured and measured 
brings about the reference case 1 performed in full 
understanding to the prEN ISO 10077-2 standard. The 
extent of the distinction is obviously unsatisfactory. 

Using a more nitty gritty method of modelling radiation 
trade in understanding to ISO/DIS 15099, case 2 
shows a great and unmistakably satisfactory 
correspondence between measured and figured 
values. Inquiries might be gotten some information 
about the decision of just concentrating on the 
connected radiation trade model in cavities, the point 
when attempting to get agreement between measured 
and ascertained thermal properties of the frame 
profiles. Be that as it may, prEN ISO 10077-2 uses a 

point by point two-dimensional numerical method to 
portray conduction despite the fact that the solids of 
the frame, which is exceptionally exact. Though 
cavities are depicted, particularly concerning radiation 
trade, with a very basic and approximated model. In 
profiles in which cavities have a huge impact on the 
thermal performance, as these acknowledged in this 
work, it appears clear to enhance the presumptions of 
the estimations on this focus. The ISO/DIS 15099 
offers such an elective. 
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