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Abstract—Pneumatic and condensate flash steam is a system that losses a lot of energy to surrounding. Their losses are from 
the high pressure gas blow out of downstream pipeline. To recovery their waste energy, turbo expander is used to extract the 
flow work from the fluid.  In this paper, the radial inflow turbine was studied the potential of energy extraction from low 
pressure source using compressed air. The three blade types which are full blade, inlet trim and inlet-outlet trim has been tested 
for understanding of the effect of blade geometry to the torque, power output and pressure drop using brake torque method. 
The experiments were carried out with control pressure of 2 bar and volume flow rate was not exceed 0.027m3/s for steady 
operation. All inlet and outlet condition of air were measured throughout the test such as temperature, relative humidity, static 
pressure and total pressure. The test was controlled turbines rotation speed and varied volume flow rate. As a result, a full blade 
turbine can extract highest mechanical power output of 36 W at rotational speed of 20,000rpm and volume flow rate at 
0.026m3/s. However, the outlet pressure from the turbine could be increased for sake of backpressure balance with the inlet 
trim or inlet and outlet. The maximum power for inlet trim and inlet-outlet trip was 28 and 30 W, respectively. The energy 
recovered from the turbine could be used in equipped with small generator and LED lighting in a night time. 

 
Index Terms— Turbo Expander, Radial Inflow Turbine, Energy Recovery, Energy extraction. 
 
I. INTRODUCTION 
 
Energy situations are more critical all over the world. 
All energy demand is increasing while the supply is 
lacking. It makes all over the world interested in 
renewable energy and energy recovery. However, 
renewable energy has a lot of constrains that make its 
periodically available.For previous reason, the energy 
recovery seems to have a better chance for now. There 
are a lot of machines and devices in energy recovery. 
Although, the device that always use in applications of 
energy recovery is the turbo expander. 
 
Turbo expander was reviewed working with kinds of 
working fluid and turbo expander types in organic 
Rankine Cycle which is a waste heat recovery system 
[1]. It could be applied in various applications. The 
radial turbo expander was also used in natural gas 
pressure reducing station [2], [3], [4] that could 
generate electricity in Megawatt-hour level. Another 
level is small level,for example, thedental drill is run 
by compressed air can produce power in several watts 
[5] and the use ofturbo expander as expansion valve in 
refrigeration cycle [6]. Moreover, there wasreported 
that radial turbine could be used with compressed as 
working fluid [7]. The compressed air was also used in 
a turbo expander to run a light vehicle [8]. The radial 
inflow turbine was demonstrated power output 100W 
for about 0.4kg/s using refrigerant as working fluid [9].  
This paper is interested in small radial inflow turbine 
type because it has several advantages and famous type 
which will be described in a later section. The 
application is concerned in recovery power from 
pneumatic system, condensate flash steam and used 
compressed air as working fluid.  Moreover, this paper 

will study the energy extraction based on three types of 
blade.  

 
II. METHODOLOGY 
 
Radial in flow turbine works by receive high pressure 
fluid into volute or nozzle No. 1 in Fig. 1(a) to change 
potential energy to kinetic energy, then passes out to 
rotor No. 2 in Fig. 1(a). Rotor receives fluid radially at 
the inlet angle, define asߙଶ.After fluid transferred the 
energy, it flows along the blade curve and passes out 
axially to diffuser No. 3 in Fig.1(a). The turbine 
components are illustrated as shown in Fig. 1(a) and 
Fig. 1(b) shows a simple analysis of velocity diagram 
at inlet and outlet.  

 

 
Fig. 1(a).Component of radial inflow turbine in a section view 

and front view, (b). Velocity diagram of radial inflow 
turbine[10] 

 
Air quality was measured at inlet and outlet from the 
turbine in terms of temperature. The relative humidity 
was measured by digital hygrometer recorded in every 
second all the testing time. The inlet and outlet 
pressure were measured by the pitottubesthat 
wereinstalled at the point of calculated fully developed 
flow as in the Eq. (1) below. The pitot tubes were 
connected to the manometer filled with water fixed to a 
vertical board to measure the static and total pressure.  
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Static pressure and total pressure were measured by 
apitot tube to calculating fluid velocity and volume 
flow rate. 

 
 
WhereV is denoted for volume flow rate. Forthe air,

h is denoted for the difference between the total 
pressure and static pressure in Pa unit, 376.11 m

N

and  =1. 
Then, mechanical brake force was measured by digital 
force gauge with calibrated weight apply to the 
flywheel attached to the turbine shaft. A 
light-tachometer was used to measure the rotation 
speed with a reflector attached on flywheel. A 
schematic diagram of brake force balance was 
measured by digital force gauge is illustrated in Fig. 2. 
Theequipment accuraciesare shown in Table 1. 
 

 
Fig. 2. Schematic diagram of force balance on flywheel and the 

installation of flywheel 
 
The tension force was measured to calculate torque and 
power by Eq.(4) and Eq. (5) below. 

 
 

Table 1: The equipment accuracies 

 
 
III. EXPERIMENTAL SETUP 
 
The turbine was selected to use a turbocharger as same 
as in TOYOTA AN-20 3000 cc. The turbine blade 
geometry was modified in three types. First, the blade 
was used as it is in original full blade. Second, the 

turbine blade inlet was trimmed out to reduce the inlet 
area of fluid impact. Third, the inlet was trimmed as in 
the second one but the outlet blade angle was also 
trimmed to shorten the exit passage out from the blade. 
The three studied blade was shown in Fig. 3.  
The experiments were carried out by using compressed 
air as working fluid to test radial inflow turbine. The 
simulation of pressure source was produced by 15 kW 
air screw compressor to produce high pressure air at 5 
bar stored in two tanks of air receiver 300 liters 
each.However, during the test the pressure control 
switch turned on the compressor automatically to 
maintain the constant pressure in the tanks. The 
compressed air from the tanks was passed through air 
drier to condense the moisture out of the air. The air 
entered to the test set with pressure regulator to ensure 
the constant pressure at inlet. 
 

 
Fig. 3(a). Original turbine of turbocharger model Vigo 3000, (b). 

Inlet trim of turbocharger model Vigo 3000, (C). Inlet-Outlet 
trim of turbocharger model Vigo 3000, 

 
The experimental tests were performed under constant 
speed at 5000, 1,000, 15000 and 20000 rpm. The air 
flow was varied by the control valve to maintain 
constant speed conditions with temperature and 
humidity recording. Then, force exerted on the 
flywheel was collected simultaneously. 
 

 
Fig. 4. The test system composes with temperature, humidity 

sensor, the pitot tube manometer, brake test system and 
turbocharger component 

 
IV. RESULTS AND DISCUSSION 
 
The relation of mechanical power output versus 
volume flow rate at various rotational speeds for full 
blade, inlet trim and inlet- outlet trim turbine are shown 
in Fig. 5 to Fig. 7, respectively.  The full blade turbine 
can produce highest power output at the same volume 
flow rate. In comparison, the inlet-outlet trim blade 
produces a little more power output than the case of 
inlet trim blade. However, the inlet trim seems to have 
more output work than inlet and outlet trim turbineat 
rotational speed of 15,000 rpm. As for constant 
rotational speed, the power output increases with 
increasing of volume flow rate.  
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Fig. 5. The relation of mechanical power versus volume flow rate 

at various rotational speeds by full blade turbine 
 

 
Fig. 6. The relation of mechanical power versus volume flow rate 

at various rotational speeds by inlet trim turbine 
 

 
Fig. 7. The relation of mechanical power versus volume flow rate 

at various rotational speeds by inlet- outlet trim turbine 

The relation of inlet and outlet pressure versus 
mechanical output power at various rotational speeds 
charts are shown in Fig. 8 to Fig.10. In these plots, the 
inlet pressure is read on the vertical left axis and the 
outlet pressure is opposed. 
 

 
Fig. 8.The relation of inlet and outlet pressure versus 

mechanical output power at various rotational speeds by full 
blade turbine 

 

 
Fig. 9. The relation of inlet and outlet pressure versus 

mechanical output power at various rotational speeds by inlet 
trim turbine 

 

 
Fig. 10. The relation of inlet and outlet pressure versus 

mechanical output power at various rotational speeds by 
inlet-outlet trim turbine 

 
The full blade demonstrated highest pressure drop 
from inlet to outlet pressure which is corresponding to 
the highest power extraction. The inlet trim blade 
showed a bit lower pressure drop compare to the full 
blade. It was also found that the inlet trip blade was 
easily stalled noticed by the data scattered beside. 
Lastly, the inlet-outlet trim blade showed the lowest 
pressure drop which means the higher pressure let out 
from the exit. This could be understood that the blade 
geometry might be useful in a back pressure process.  
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CONCLUSIONS 
 
The radial inflow turbine is applicable in power 
extraction with pressure about 2 bar at volume flow 
rate between 0.018-0.027 m3/s. Full blade turbine can 
extract highest power output about 36 watt at 20,000 
rpm and 0.026 m3/s. For inlet and inlet-outlet trim can 
extract maximum output work about 28 and 30 watt at 
20,000 rpm, respectively. The modify blades have 
higher outlet pressure than full blade at the same power 
output. For this characteristic, it can be applied to use 
in the condition that needs higher output pressure but 
maintain nearly the same output work.  
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