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Abstract 

Whole flow fields of a room air conditioner (RAC) have been visualized by a Particle Image Velocimetry (PIV) 
technique to analyze the flow structure with various inlet and outlet angles, and to control an eccentric vortex which 
affects an efficiency and noise of the RAC. A test model with 5 stages of a cross flow fan has been manufactured and a 
transparent acryl has been installed at the side of the test model for the PIV experiment. The inlet and outlet flows and 
the flow inside the cross flow fan have been analyzed by varying the inlet grill angles and outlet blade angles. The 
movement of the eccentric vortex has been investigated experimentally by developing the measurement technique for 
the inner flow field of the cross flow fan. From the visualization of the inner flows, the origins of the noise inside the 
RAC and the condensation points around the outlet parts of the cold air have been observed and the solution of the 
problems can be proposed in this study.  

 
 

1. Introduction 

A cross flow fan can neglect flows with an axial 
direction and can control flows by changing a length of 
the fan instead of changing a rpm and a diameter because 
it has flow characteristics which crosses inside the fan. 
The cross flow fan can also be used for a RAC (Room 
Air Conditioner) since small scale of the fan can be 
manufactured. Recently the cross flow fan is being 
developed to reduce noise and to increase efficiency. 
Thus, it is significant to study about the cross flow fan 
that can affect the efficiency and noise of the RAC. 

The RAC is composed of the cross flow fan, a 
stabilizer, a rearguider, and a heat exchanger as shown in  

 

 
 

Fig. 1, and a geometrical shape and a relative position of 
them can decide the efficiency and the noise. And, the 
cross flow fan is composed of the rib and the blade (Fig. 
2).Thus, relative effect of them as well as the cross flow 
fan itself should be investigated to improve the 
efficiency and the noise problem. 

Experimental analyses have been performed for the 
cross flow fan mainly since flow characteristics is 
complicated and design factors that affect the eccentric 
vortex are various although the control of the internal 
eccentric vortex is directly related to the efficiency. The 
inlet and outlet flows have been visualized and analyzed 
by the PIV in this study with various inlet and outlet 
angles for the household RAC to provide the basic 
design data of the RAC with high efficiency, low noise 
and condensation phenomena. 
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Fig. 1 Schematic of indoor unit of RAC. 
 
 

 
Fig. 2 Schematic of Cross flow fan 

 
  

2. Experimental Setup and Method 
 

A PIV measures velocity vectors from particle 
movements using an image processing technique after 
recording the tracer particles within a time interval of Δt 
by a CCD camera. The PIV system is composed of a 
laser for a light source, a camera for capturing particle 
images, a synchronizer and a computer for image 
processing and calculation as shown in Fig.3. A 50mJ 
dual-head ND:YAG laser has been used and a time-
interval for two laser pulses has been fixed to be 
30~50μs according to the flow condition. 15 images for 
one second have been captured using the CCD camera 
with a 2k Ｘ 2k resolution, and the camera and the laser 
have been synchronized using a trigger signal. Olive oil 
has been used for tracer particles with a size of 2μm by 
an atomizer. Also, a distributor with many small holes 
has been used to mix the particles with surrounding air 
for the uniform distribution around the test model. 

 
Fig.3 Schematic diagram of PIV system 

 
The test model which has geometrical similarity with 

the real RAC has been manufactured. A front panel, an 
inlet grill, a heat exchanger, and an outlet blade have 
been installed inside the test model to analyze internal 
and external flows with various inlet and outlet angles 
during operation. Also, a transparent acryl has been 
attached to the side of the test model to capture the 
particle images. The side of the cross flow fan, the rear 
guider, and the stabilizer have been made by transparent 
acryls. And, a slot of 2mm with a transparent film has 
been installed at the center of the blade for the cross flow 
fan so that the laser beam can be transmitted. 
 

 
(a) Inlet flow at 0°      (b) Inlet flow at 10°

 

 
(c) Inlet flow at 20°,     (d) Inlet flow at 180° 

Fig.4 Velocity of inlet flow for 790 rpm with various 
inlet grill angles 
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(a) Internal flow at 0°    (b) Internal flow at 10° 

 

 
(c) Internal flow at 20°    (d) Internal flow at 180° 

Fig.5 Velocity of internal flow for 790 rpm with various 
inlet grill angles 

 
Initially the effect of the inlet angle has been 

investigated by various angles for 0° (closed), 10° 
(operating condition for the RAC), 20°, and 180° (open) 
with fixed outlet angle of 40° as shown in Figs. 4 and 5. 
 
 

3. Condensation Phenomena 

 
Condensation phenomena is very important factor for 

the RAC since complete comfort in a closed environment 
is highly affected by the control of the condensation 
problem at the outlet of the RAC.   

The dewdrops have been observed uniformly at all 
outlets and the outlet flows have been visualized to 
analyze the cause of the condensation phenomena at the 
outlets and to propose the shape of the outlets with 
reduced condensation. 

A wedge block has been installed at the end of the 
stabilizer (front part of the outlet) where the 
condensation occurs mainly and the experiments have 
been performed with various angles and lengths of the 
wedge block. In Fig. 6, a is the length of the wedge block, 

b is the distance between the wedge block and the end of 
the stabilizer, and θ is the angle between the wedge block 
and the stabilizer. The flow structures have been 
measured with fixed a of 10mm and various b and θ 
parameters for 8 cases as shown in Table 1. 

 

a

b

토출구 끝단 θEnd of 
Outlet 

 
Fig.6 Shape of wedge block 

 
Table 1 Parameters of Wedge Block (Fixed a=10mm) 

 b (mm) Θ (°) 

CCaassee  11 4 0 
CCaassee  22 4 10 
CCaassee  33 4 20 
CCaassee  44 4 30 
CCaassee  55 2 0 
CCaassee  66 2 10 
CCaassee  77 2 20 
CCaassee  88 2 30 

 
 

4. Results and Discussion 
 

The objective of this experiment is to analyze the inlet 
and outlet flows inside and outside the cross flow fan by 
the flow visualization technique, and to design the RAC 
with high efficiency and low noise by controlling the 
eccentric vortex inside the cross flow fan. The variation 
of the inlet and outlet flows has been observed by the 
front inlet grill angles as shown in Figs. 4 and 5. The 
amount and velocity of the inlet flow at the front and 
upper part of the test model have been measured as 
shown in Fig. 4 (a), (b), (c) and (d). If the front inlet grill 
angle increases, the amount of the inlet flow of the front 
and upper parts become similar and the flow velocity 
decreases because the inlet area of the front part 
increases. Also, the noise problem is supposed to 
improve since the flow can be stabilized.  



The flows inside the cross flow fan and the outlet 
flows have been observed with various front inlet grill 
angles as shown in Fig. 5 (a), (b), (c) and (d). The 
eccentric vortex has appeared at the lower part of the 
stabilizer and has been fixed without the effect of the 
angle. The difference of the amounts of the inlet flow 
rate between the front and upper parts of the inlet has 
been predicted to have an effect on the eccentric vortex 
since it can change the direction of the inlet air flow. 
However, the inner flow inside the cross flow fan and the 
outlet flow have shown the uniform tendency because 
the inlet air flows at the front and upper parts of the inlet 
have passed through the heat exchanger before the inside 
of the fan to be stabilized by the resistance of the heat 
exchanger. 

The inlet velocity and the flow structure have shown 
uniformity with various outlet blade angles by measuring 
the inlet air velocity for the front and upper parts of the 
test model. The position of the eccentric vortex inside the 
cross flow fan and outlet flow structure have not been 
affected by the outlet angle because the outlet blade has 
an enough distance inside the cross flow fan. The outlet 
flow structure has been measured by the rpm after 
removing the blade to observe the flow in detail since the 
outlet flow has not been examined accurately with the 
blade. Although the velocity of the outlet flow increases 
by increasing the rpm, the whole structure of the outlet 
flow is uniform as shown in Fig. 7. Thus, there is a 
similarity for the outlet flow structure by the rpm.   

 

 

(a) 790 rpm      (b) 1070 rpm     (c) 1210 rpm 

Fig.7 Discharge velocity distribution of RAC with 
various speeds 

 

The condensation phenomena have been observed at 
the interface of the outlet air with low temperature and 
the external air with high temperature by the PIV 

experiment, and the parameters of the wedge block have 
been proposed to reduce the dewdrops. The condensation 
phenomena have occurred at the outlet by colliding 
between the external air and the outlet air directly 
without the block as shown in Fig. 8 (a) while the 
condensation has reduced by separating the interface 
from the wall of the outlet by the wedge block (Fig. 8 
(b)). The case 7 in Table 1 has showed the least 
dewdrops at the outlet of the RAC.      

 

 

(a) Case 1              (b) Case 7 

Fig.8 Reduction of condensation by wedge block 

 

5. Conclusion 
The test model which has a similarity with the real 

RAC has been manufactured to visualize the flow inside 
the model. The experiment technique has been developed 
to measure the inner flow by the PIV. Then, the whole 
flow of the RAC has been analyzed with various inlet 
and outlet angles. If the front inlet grill angle increases, 
the whole inlet flow can be stabilized, and the inner and 
outlet flow structure of the cross flow fan and the 
position of the eccentric vortex are not affected by the 
angle. The similarity of various rpm has been verified by 
the uniform structure of the outlet flow. The relationship 
between other parts of the RAC and the eccentric vortex 
inside the cross flow fan is being studied by the PIV to 
obtain the basic data and to control the eccentric vortex 
for developing the RAC with high efficiency and low 
noise. Also, the flow structure has been investigated to 
analyze the flow condition and to reduce the 
condensation phenomena for the RAC. 
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