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ABSTRACT 

This paper discusses the RANS and URANS modeling possibility of a complex 
three-dimensional flow field forming around an airfoil which is characterized by the 
presence of a short laminar separation bubble on its suction side and a turbulent 
separation in the vicinity of the trailing edge. The wing section is placed in a 
confined computational domain that models the closed test section of a wind tunnel, 
or also can be interpreted as a duct. The flow is modeled by using the k-CI) SST 
turbulence model with the y-Ree laminar/turbulent transition model that is supposed 
to be applicable for predicting laminar separation-induced transition which is of 
major importance in the present case. 

1. INTRODUCTION 

The investigation of the flow past airfoils is one of the basic topics of the 
research in fluid dynamics. The main operational area of airfoils is the aircraft 
industry where wings and other lifting surfaces are usually designed based on two
dimensional flow approaches [1], [2]. Also two-dimensional flow concept is applied 
for the development of blades used for turbomachinery applications, although most 
recently, the flow is modeled in 3D space. The flow field, however is becoming 
three-dimensional in all real circumstances. The origin of three-dimensionality is 
due to the finite extension of the blades, wing sections or the space in which they 
are operating. This influences both the operational characteristics and the 
determination of their theoretical "two-dimensional" aerodynamic characteristics. In 
case of low angle-of-attack situations, the two-dimensional approach acts as a very 
good approximation but for higher performances when high lift is needed, the 
angle-of-attack is increasing and the two-dimensional has to be handled with 
skepticism. The airfoil of the present investigation is an RAF 6 type low Reynolds 
number airfoil which was designed mainly for airscrews of old military aircraft and 
later it was used frequently as the airfoil of fan blades. The airfoil has a flat pressure 
side and a specially designed suction side that operates with the presence of a short 
laminar separation bubble which is generated via quick transition in curvature just 
downstream the leading edge. This laminar separation bubble increases lift and 
induces boundary layer transition from laminar to turbulence for maintaining 
attached flow until the trailing edge. The flow field was visualized experimentally 
and discussed in [6] . 
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I. INTRODUCTION 

Block of flats are generally modernised by installation of heat isolation, modern 
windows and controllable single-valve heating systems. The inflow rate of the fresh 
air is also modified by the modifications. These buildings are provided with ex
hausters, which exhaust stale air from bathrooms, kitchens and waiting rooms as 
well . The quality and amount of fTesh air are influenced by the air-blast in windows 
[1 ]. Air-blast and ventilation systems are re-examined with different kind of meas
urement techniques. Ventilation systems are based on natural ventilation [2 ,3], con
straint ventilation [4] and rooffans. Ventilation ofkitchen and ejector are examined 
with numerical analysis. 

2. MOTIVATION 

A vertical air-bleed duct has been examined in this work. The aerator pipe is con
nected to kitchens and bathrooms. The ejector is mounted onto the top of the build
ing (at the end of the aerator pipe). Schematic drawing of the system is shown in 

Figure 1. The replacement of 
rT-. J ejector I stale air has been solved from 

r l withfan' 
other rooms and by the window 

. I ventilation. The ejector with fan v 1 deafener 
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Windo~~ room 

room (kitchen) and the new 
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3. NUMERlCAL ANALYSIS OF THE EJECTOR EQUIPMENT 

The ejector system is mounted onto the top of the building (Figure 2.) . The ejector 
is connected to the top of the damper box. The ejector system is shown in Figure 3. 
~--------~I I The stale air flows 

through the primary 
jet. Secondary flow 
with high velocity and 
high energy is pro
duced by a radial fan . 
Primary gas particles 
are carried away by 
the secondary flow 
through the impulse 
interaction in the mix
ing chamber. The gas 
mixture flows into the 
environment at the 
end of the mixing 
chamber. 

Figure 2. 
Schematic of ejector 
system 

primary 

jet 


Figure 3. 

The ejector equipment 
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mixing 
chamber 

dvantage of this syste~ is .th~t an axial fan .is used for a traditio~al system, but the 
A section of ejector IS ilmlted by the aXial fan. In the new ejector system, the 
croSS section of ejector is not limited. Air drag of the ejector is not increased by dif
~ros~t kind of equipments (e.g. axial fan). Fan is not polluted by the stale air. Air 
~:nel is controlled easily, because it is without limiting factors (such as an axial 
f: n). The ejector system (Figure 3.) has tested in standard condition. Volume flow 
ate and temperature has been measured. Numerical analysis has been validated by 
~easurement values. Results of the numerical analysis and measurements have 

shown a good agreement. After all, similar numerical 
analysis has been made in winter conditions. The numerical 
analysis has been executed by means of the ANSYS 
FLUENT software package. Body mesh is shown in Figure 
4., where the number of cells is 196321. During the nu
merical analysis an incompressible-ideal-gas model has 
been applied. The following boundary conditions have been 
used: 

• velocity inlet for the secondary jet, 
• pressure inlet for the primary flow and 
• pressure outlet for the ejector outlet. 

Velocity profile for the velocity inlet boundary condition 
has been determined from the measurement data. 

Figure 4. 

Grid generation of ejector system 


Experimental and numerical data are shown in Table 1. (p.: primary; s.: secondary). 

Similarity between measurements and analyze are shown in the first two rows of the 

table. 


Table I. 

Experimental and numerical results 


Ps 1,- Ip Qp Qs r11s lrllp 

[Pa] [0C] [0C] [m31h] [m31h] [-] 
Summer (measurement) -82 26.8 24.7 756 459.5 0.603 

Summer (numerical simulation) -92 26.8 24.7 756 451.0 0.592 

Winter (numerical simulation) -96 26.0 -20.0 756 545.5 0.610 

Results of the numerical analysis in winter condition are shown in the third row of 
Table I. Primary volume flow rate is equal with that of the summer volume flow 
rate, but the air temperature is slightly lower. The secondary mass flow rate is 
higher, because the secondary air density is higher as well (low temperaulre). The 
secondary flow has more energy; therefore more primary flow is carried by the sec
ondary flow. The mass flow rate of the secondary and primary flows is shown in 
Table 1. (last column). 
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In winter condition, this rate is also bigger (+3%). Efficiency is 

only 60%, which is energetically disadvantageous. Conclusion: 

this ejector system is not optimised for this building. (This sys

tem has been made for hot waste gas). New ejector construction 

will be designed for optimal operation. 

Results of the numerical simulation (ejector) are shown in Fig

ure 5-7. Path lines in the complete system are shown in Figure 

5. Comparison of the winter and summer case are shown in 
Figure 6. The secondary flow is circulated (asymmetric) around 
the primary jet (Figure 6, first row). Therefore in the cross sec
tion of the ejector, the velocity and temperature distribution is 
asymmetric (Figure 7.). Reason for this problem is the short 
mixing chamber and the lateral inlet. 

Figure 5. 

Path lines in the ejector equipment 


Figure 6. 

Flow conditions in the ejector (summer and winter case) 


Velocity-, pressure- and temperature distributions are shown in the further pictures 
in Figure 6. The summer and the winter cases only differ in temperature (based on 
pictures). 

Figure 7. 

Velocity [mls] and temperature distribution [DC] in the outlet cross-section of the 


ejector (winter case) 


4. NUMERICAL SIMULATION OF THE KlTCHEN VENTILATION 

Ventilation of all rooms has been solved by a ventilation system. The kitchen has 
been examined by means of numerical analysis. The standard volume flow rate 

3Q= 60 m / h has been determined for the kitchen by a gas powered cooker. The 

volume flow rate has been examined for different temperatures and window aera

tors. 

The schematic drawing of the kitchen is shown in Figure 8. Air enters the kitchen 

through the window aerator and flows through the air funnel. 


The window aerator was chosen from Aereco company products. Product details of 

window aerator: EMM 916 type, free cross-section: A", = 292 x 12 = 3504 mill ' (w: 


Window). Stale air flows through the exhaust pipe (diameter ¢J55 1Il11l , cross-section: 


Ap = 18869 mm 2 (p: pipe). Numerical simulation has been made with free cross 


section in the window aerator and in the exhaust pipe. 
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Figure 8. 

Schematic draw of kitchen 


The numerical simulation has been carried out with the ANSYS FLUENT software 
package. The geometry has been made with Gambit, and type of mesh was hexa. 
Boundary conditions: pressure inlet boundary condition was applied for window 

aerator (temperature of air was changed in range - 20·C ++20·C). Velocity inlet 

boundary condition was applied for exhaust pipe (Q =60 m3 I h, cp =0,884 mIs ). 

Thermal efficiency of radiator (41000 + 2000 W / m 3
) was determined for constant 

temperature value 26°C in exhaust pipe. 

Based on the result, the pressure rate (consumed) is independent from the inlet air 
temperature. The air drag of the kitchen is L1p' ~ 19 Pa (needs low velocity). The 
reason for the low pressure difference is the free cross-section in the window aerator 
and in the exhaust pipe. 

Velocity and temperature distribution is examined by different kind of view points, 
for example the coldest consumed air (- 20· C) and the hottest heating 

3(41000W / m ) are examined. Temperature distribution is shown by path li nes 

(Figure 9.). High velocity and low temperature ("" 20· C) are created in the upper 
part of the kitchen. Low velocity (air is stagnating) and high temperature (> 30·C) 
is evolved in the lower part of the kitchen (especially around the heater). This is an 
ideal case, when the flow is not disturbed by people and other devices (door, etc.). 
The open cross section is found only in the window aerator and exhaust pipe (this is 
also an ideal case). 
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Figure 9. 

Path lines colour by temperature [0C] 


Temperature and velocity distributions are shown in Figure 10-11. Based on the two 
figures (undisturbed flow) high velocity and low temperature field develop in the 
upper part ofthe kitchen, and the opposite in the lower part. 

Figure 10. 

Distribution in the vertical plane of the window aerator 


Figure I I. 

Distribution in the vertical plane of the exhaust pipe 


I III 
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5. 	 CONCLUSIONS 

The executed examinations described in this work have shown that the numerical 
simulation is a good device for the planning and investigation of ventilation sys
tems. Parameters, such as comfort and safety can also be examined by means of it. 
These parameters have been improved using the results of the t;imulations. A 3D 
simulation has been used only for the investigation of the venti lation system, be
cause the modelling of the complete system would have been too expensive from 
the point of view of the computational effort. Numerous details of the analysis 
could not be followed without the 3-dimensional numerical simulation of the venti 
lation. 
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1. INTRODUCTION 

particle Image Velocimetry (PIV) is an optical method to measure velocity 
and related quantities in fluids. Fundamental principles of the PIV method can be 
found in [1). Here, different operation modes like Laser-Speckle-Mode or Particle
Tracking-Mode are also discussed. The current status and development of PlV is 
summarized by Adrian in [2] . 

There are different error sources influencing the velocity obtained by PlV 
measurements [3] . The correction of the velocity vectors deduced from two
dimensional PlV images is often discussed. We concentrate here on the errors af
fecting low-level transverse velocity components. Let us consider a simple case, 
when the system consists of planar surfaces with good optical access. For such a 
case correction with linear transformations has already been solved (e.g. in [4]) and 
is available in commercial software. In the work of Grant et al. [4] it can be seen 
that the correction is easier when the optical axis of the camera is normal to the light 
sheet. These authors use intercept theorems to convert every coordinate. Therefore, 
they employ the distance between the lens centre and the CCD-chip. But in many 
applications the camera has a significant angle compared to the light sheet, so that 
the spatial position is falsified because of the perspective view. As a consequence, 
Reeves and Lawson [5] used cross-correlation and a quadratic distortion mapping 
function to correct perspective errors of their single-lens system. They found that 
the single-lens system has significant in-plane-errors, caused by perspective effects. 
In the case of stereoscopic prv with more than one camera, such a correction is in
dispensable [6, 7]. Scarano has published a dedicated review article [8] concerning 
iterative methods for processing PIV images. He recognized that several methods 
only differ in their implementations but are fundamentally similar. Nogueira et al. 
[9] presented post processing steps that can enhance PlV performance. These steps 
contain the detection of erroneous vectors as well as correction and calculation of 
derived flow magnitudes. They focused on the first spatial derivative, component of 
flow divergence and vorticity. 

In the present paper 2D-PIV measurements of the disperse phase of a two
phase air/droplet flow are described. Velocity components normal to the main flow 
direction are measured by PlV in a two-phase wind-tunnel. The velocity compo
nents of the main flow are one order of magnitude larger than those of the trans
~erse direction. It will be shown that a post processing ofthe PIV measurement data 
IS needed and possible to obtain proper results. 
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