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ABSTRACT 

In this research item we present a comparison on the calculated theoretical thrust of jet-fans and 
the values measured on a test station located within a high-velocity wind tunnel. The aim of 
this research was to perform a direct measurement of the thrust of the jet fan, along with the 
electrical parameters of the fan motor and direct velocity measurements in the jet fan stream, 
in an environment with a pre-defined air velocity (wind tunnel). The research was performed 
on two types of jet-fans ((1) 355mm diameter, approx. 37 N nominal thrust and (2) 50 mm 
diameter, approx. 2,8 N nominal thrust). The jet fans were placed in a boundary layer wind 
tunnel, in a test section of approx. 4 x 3 x 10 m (W x H x L). As the wind tunnel has a rectangular 
cross section, different locations of the jet-fans were tested (bottom, middle), to unravel the 
effect of the configuration factor on the jet fan performance. The inlet air velocity varied from 
0 m/s to 20 m/s. The goal of this research was to identify the performance characteristic of jet-
fans, related to the ambient air velocity. This subject is important in the estimation of the jet-
fan performance in analytical methods (such as PIARC manual) or in 1D modelling systems. 
Furthermore, the estimation of such performance is highly relevant to the use of jet-fans in 
ventilation ducts, as a mean to reduce the required operational pressure of exhaust fans in a long 
tunnels with transversal ventilation systems. The presented work will give an overview of the 
standardized methods for measuring and calculating the thrust of jet-fans, the results of the 
measurements performed in the road tunnel and a numerical analysis of a long exhaust duct 
with jet-fans installed (with and without modifications introduced after the wind tunnel tests). 
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1. INTRODUCTION
Tunnels built in Poland in most cases have longitudinal ventilation. The selection of appropriate 
jet fans is still very difficult due to the variability of their parameters in relation to the prevailing 
conditions inside the tunnel. Their effectiveness depends on the temperature, the flow velocity 
of the surrounding air as well as their location in relation to the tunnel geometry. 
In longitudinal ventilation systems, the most important task is to maintain the appropriate flow 
velocity, necessary to maintain appropriate conditions in the comfort or fire ventilation mode. 
So the most important thing in the selection and design of jet fans is the appropriate 
determination of their ability to force flow in the tunnel. When fans are installed in a tunnel, 
their effective thrust will be limited compared to the value measured in ISO 13350. This is due 
to unfavorable fan placement (versus near walls and ceiling), non-centric placement within 
cross-section the tunnel and the ambient air velocity in the tunnel. These factors were 
investigated in this study. 

2. MEASUREMENT INSIDE THE WIND TUNNEL
The measurements were based on continuous and simultaneous measurement of thrust, air 
velocity in the tunnel with temperature and fan power consumption. The thrust was measured 
in the fan axis, above the fan, while it was hanging freely on the lines (see figure 2 and 3). The 
power consumption of the fan with a diameter of 355 mm was measured separately for each 
phase. The fan was tested in the configuration of star "Y" (1st gear) and double star "YY" (2nd 
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gear) at 50Hz power frequency. The Y configuration gives approximately half of the volume 
flow of the YY configuration. Additional variable was the location of the fan within the tunnel, 
as shown on Fig. 1. The smaller jet fan (50 mm, 2,7 N) was installed in various configurations 
near the floor of the tunnel, and also in a configuration of the pair of devices see Fig. 3, right. 

 
 Figure 1: Measuring station, three measurement levels for jet fan 355mm, and 

three levels for jet fan 50 mm. 
 
 
 
 
 
 
 
 

 
Figure 2: Thrust measurement (left) Jet Fan 355mm on the station (right) 
 

 
 
 
 
 
 
 
 
 
 

 
Figure 3: Power consumption measurement  (left) A pair of jet fans 50mm (right) 
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All the measured thrust forces were brought to comparative values, ie. multiplied by (1,2/ρ) in 
accordance with [1]. Moreover, the thrust force determined theoreticaly, i.e. according to the 
formula, has been introduced: 

𝑇 ൌ 𝑚ሶ ∙ ሺ𝑣௝௘௧ െ 𝑣௔௠௕௜௘௡௧ሻ 

Table 1. Theoretical thrust data        Table 2. Jet fan data to determine theoretical thrust 

𝑇 N thrust   𝑣௝௘௧ 𝑇 

𝑚ሶ  kg/s mass stream 355, YY 2nd gear 18.08 37.34 

𝑣௝௘௧ m/s velocity in jet fan 355, Y 2nd gear 9.04 9.41 

𝑣௔௠௕௜௘௡௧ m/s ambient velocity 50, 1920x125 34.3 2.75 

    50, 1860x125 30.3 2.16 

 
Theoretical thrust was always determined based on the thrust given by the manufacturer or 
measured outside the wind tunnel. The same as it is in design practice see table 2. 

3. RESULTS 
During the measurements in the “Y” configuration, the thrust in the range of about 5÷6 m/s 
corresponded to the theoretical thrust force. When measuring in the “YY” configuration, the 
thrust was always 0 N before the ambient velocity reached 14 m/s. The electric power 
consumption always decreased insignificantly with the increase of the ambient velocity.

 
Figure 4: Measurement results for a 355mm jet fan in “Y” configuration.  

Theoretical thrust  
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Figure 5: Measurement results for a 355mm jet fan in “YY” configuration.  

 

Theoretical thrust  
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Figure 6: Clipping measurement results for a 355mm jet fan in “YY” configuration.  

On the figure of the results from the YY configuration, it can be seen that the thrust force in 
each case for that particular jet fan had a greater value without the deflector than with the 
deflector. 

 
Figure 7: Detail of the deflector. Lamellas 0.1 m wide and 0° angle with respect to the 

flow axis 
 

Theoretical thrust  
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Figure 8: Power consumption measurement for a 355mm jet fan in “YY” configuration.  
Figure 7. The jet fan gets its power from the mains also when its thrust is 0 N as it still generates 
the flow. 

 
Figure 9: Measurement results for a 50mm jet fan in 1920x125 configuration (brushless motor). 

Theoretical thrust  
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Figure 10: Measurement results for a pair of 50mm jet fans in 1860x125 configuration 
(brushless motor). 

Figure 11: Measurement of ambient velocity during a 355mm jet fan working. Forcing the flow 
in the wind tunnel only by jet fan. 
Induced air speed is highest if a deflector is used, but for the position 0,72mabove the floor the 
induced air speed is highest without a deflector (same tendency for the Y and YY -
configuration). The reason is that the induced air speed is a result of both the theoretical thrust 

Theoretical thrust  
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of the jet fan and the mounting factor as a measure for the efficiency of thrust conversion to 
genrating the flow. 

 
Figure 12: Measurement of thrust a 355mm jet fan. Forcing the flow in the wind tunnel 

only by jet fan. 
Figures 11 and 12 relate to the same measurements who were taken when the fans of the wind 
tunnel were off. So the ambient velocity was induced by the jet fan 355 installed inside the wind 
tunnel. The magnitude of the generated speed and the approximate air flow in the wind tunnel 
are shown in Fig. 11. The flow generated in this way influenced the inlet of the jet fan, thereby 
reducing its thrust slightly see fig.11. It works like a feedback loop. 

 
Figure 13: Obstruction in front of jet fan outlet 

The thrust remains constant regardless of obstructions in front of the jet fan outlet fig. 13 as 
long as the fan is able to maintain its own flow. Parallel rough surface of the tunnel wall in 
relation to the flow does not affect the thrust. 

4. CONCLUSIONS 
Theoretically determined thrust from a practical design perspective may deviate significantly 
from actual flows in the higher velocity range f.e. above 6÷7m/s. In practice, however, design 
speeds are below 5 m/s. 
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In Figure 11 it can be seen that the same fan suspended at different heights generates different 
amounts of flows in the tunnel by induction. Flows differ from one another many times, 
although the thrust force varies slightly depending on the location above the floor in Fig. 12. 
The thrust force does not determine the ability to induce air by the jet fan, nor the value of the 
generated flow. 
There are many analytical factors in the literature that define the efficiency of jet fans depending 
on their location. On the basis of these measurements, it can be concluded that they relate to a 
large extent to the efficiency of generating the flow expressed by the basic value of the thrust 
force, and not to the thrust itself in practical terms. 
In the practical design the thrust of the fan may not reach the expected value, due to installation 
factors and the loss of thrust with the airflow within the tunnel. The experiments performed 
here will be expanded to measure the flow generated by the jet fans, in order to determine the 
most efficient way to induce flow in tunnels.  
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