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Summary 

Prefabricated components are ideal for energetic retrofitting. In this paper an innovative 
façade refurbishment is presented, that provides additionally to the insulation the integration 
of a central ventilation system. In this case, the air duct system is integrated in the building 
envelope. In preliminary studies, the basic function of the system has already been 
demonstrated by measurements at a test building and by dynamic thermal simulations. 

This paper presents flow investigations of the air ducts, examined in the flow 
laboratory. The pressure drop of the air ducts, which are integrated in the insulation panel, 
was measured both for straight ducts and selected fittings. Minimization of the pressure 
drop and optimal hydraulic design of the air ducting is decisive for the operation of the 
ventilation system. 

Keywords: energetic retrofitting, central ventilation system, air ducting, prefabricated 
components 

1 Introduction 

1.1 Motivation 

About 40 % of the current final energy consumption in Germany is caused by the building 
sector [1]. The existing buildings established before 1978, which means before introduction 
of the 1st Thermal Insulation Ordinance, causes 95 % of the energy consumption [2]. Due 
to this, the energetic retrofitting of the existing building stock is a major key to higher 
energy efficiency and sustainability, needed for the upcoming transition of the energy 
system in Germany. Until the year 2050, the entire energy supply, which is today mainly 
supplied by fossil and nuclear energy sources, should be replaced by renewable energies. To 
achieve this ambitious goal the rate of retrofitting of existing building must increase from 
the current 1–2 % up to 3 % in the coming years. 

1.2 State of the art 

Extensive refurbishments of buildings often fail because of the high cost, so that usually 
only individual measures are carried out on the façade in order to reduce transmission 
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losses. The increased sealing of the building envelope of renovated buildings often leads to 
moisture related problems due to improper or insufficient ventilation. Consequently, the 
installation of a residential ventilation system with heat recovery can ensure the necessary 
hygienic air change by reducing the ventilation loss considerably. Retrofitting barriers, 
such as the high cost of the internal ductwork and the impairments caused by dirt and noise 
for the tenants often prevent the installation of a central ventilation system. 

2 Retrofitting System with air ducting on the façade 

A promising solution, developed by the Fraunhofer Institute for Building Physics, provides 
the implementation of the air duct system in the building envelope [3]. In this system, the 
air ducts are integrated directly in the mounted insulation panels. Such a retrofitting system 
combines the function of thermal insulation and air ducting in one construction. In a first 
attempt a system with façade integrated air ducts was implemented in a demonstration 
building, a two-storey residential house in Kassel (GER) and examined by measurements 
with regard to the achievable heat recovery and the energy efficiency of the system [4]. In 
Fig. 1 you can see the insulation panel with the air duct. The air duct has a dimension of 
30 mm x 300 mm and is separated due to structural reasons by a divider with a width 
of 20 mm. The panels are connected by a tongue and groove system. 

 
Fig. 1 Fresh Air Wall (FAW) Insulation  

panel with integrated air ducts 

 
Fig. 2 Scheme of the air ducting on the façade of 

the demonstration building in Kassel 

A basic scheme of the air distribution in the demonstration building in Kassel is shown in 
Fig. 2. The preheated supply air at the output of the heat exchanger of the central 
ventilation unit is led through the outer wall and distributed by a horizontal distribution 
duct within the façade to three different vertical channels. The exhaust air will be led back 
by a common collecting duct directly back to the central unit in the basement. The 
ventilation system was examined using measurements during two heating seasons and the 
basic functionality of the system has been demonstrated [4]. 

In order to make design recommendations for optimizing the air duct system on the 
façade with a high heat recovery potential, low pressure losses and highest energy 
efficiency, the building and the ventilation system are implemented in a dynamic 
computational model [5]. 
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3 Experimental investigations in the flow laboratory 

The energy efficient operation of a central ventilation system depends significantly on the 
hydraulic design of the air duct system and the associated power consumption of the fan. 
The pressure drop of the specially designed air ducts, integrated in the insulation panels, is 
largely unknown and has not been examined yet. 

The objective of the experimental investigation is the measurement of the pressure 
loss both for straight air ducts and different fittings like a 90° deflection or a connection to 
the room through the outer wall. The measurement system consists of an axial fan, 
a laminar flow element (LFE) and the processing device to analyse the system pressure. To 
control the electrical power consumption of the fan, the fan is connected to the LFE via 
a calming section to ensure a laminar flow. The air flow is raised in increments of 5 m³/h 
from 5 m³/h to 50 m³/h. A fitting connects the round duct with the rectangular ducts inside 
of the insulation panel. The static pressure will be determined for every air flow step at the 
beginning and the end of the measuring section directly at the pipe wall where the dynamic 
pressure is zero. 

3.1 Results 

The pressure drop is determined with different types of sealing. The investigation has 
shown that it is not sufficient just to place the panels together. Because of this, the tongue 
and groove system of the air ducts was sealed with an adhesive tape. The length of the 
measuring section is about 6 m long thus the pressure drop is converted in a specific 
parameter by dividing by the length. In Fig. 3 you can see the results of the measurement 
of the air ducts sealed by an adhesive tape. The desired use of the air ducts in a building 
application is between 30 m³/h and 50 m³/h. In that range the pressure drop is between 
0.4 Pa/m and 1 Pa/m corresponding to the calculated pressure loss of a sheet metal with 
a roughness of 0.15. 

The influence of fittings, like deflections and connectors, can be crucial for the total 
pressure loss of an air duct system. Therefore, typical connections are measured to identify 
the pressure drop they cause. The 90° deflection is important to link a horizontal duct with 
a vertical duct. In addition, a connection from the duct to the room via a round plastic duct 
through the outer wall was examined. Fig. 4 represents the results of the investigations. 
You can see that the pressure drop at a flow rate of 50 m³/h is about 2.6 Pa for the 90° 
deflection and 3.6 Pa for the connection to the wall. 

4 Conclusion and outlook 

The insulation panels with integrated air ducts were examined hydraulically regarding their 
pressure drop in the flow laboratory. The measured specific pressure drop of the straight 
air ducts was nearly the same as the calculated pressure loss for sheet metal ducts with the 
same geometric dimensions. However, the measured pressure drop of the two fittings is 
much higher than the pressure drop caused by the straight ducts. So for the planning of the 
air ducting on the façade, it is important to limit the number of fittings to a minimum even 
if this would lead to longer straight ducts. 

In further investigations an appropriate window connection for the air ducts should 
be developed in order to ensure flow optimized inlets and outlets to the room. 
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Fig. 3 Specific pressure drop of the sealed air 
ducts with an adhesive tape and calculation with 

sheet metal (ε = 0.15)  
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Fig. 4 Measured pressure drop  

of two fittings, a 90° deflection and  
a wall connection to the room 
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