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ABSTRACT 

• The main objective of this project is to design and test an 
evaporative cooling system using water spray nozzles. The 
main problems in this type of cooling systems are partial 
evaporation and non- uniform distribution of temperature. 
This project will investigate the effect of critical parameters 
for solving the mentioned problems. BURET low-speed 
wind tunnel, water supply system and Particle Image 
Velocimetry system (PIV) will be used for conducting 
experimental tests. 

INTRODUCTION 

• Evaporative cooling is lowering the temperature of the air 
by adding water vapor to the air. The water takes the 
energy to evaporate from the air in sensible heat form and 
converts it into latent heat. There are two main types of 
evaporative cooling systems, direct and indirect. Direct 
systems add water directly to the air stream but indirect 
systems use a secondary air stream and a heat exchanger 
for cooling of primary air. The spray nozzle is a type of 
direct evaporative cooling. Figure 1 illustrates schematic of 
direct evaporative cooling process on a psychometric chart. 
Line (AB) shows an adiabatic process with a decrease in 
dry-bulb temperature and an increase in humidity ratio. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       Figure 1: Psychometric chart of an evaporative cooling process 

 

• Incomplete evaporation and non-uniform distribution of 
temperature are the main concerns of water spray cooling 
in cooling systems. Incomplete evaporation of water 
increases the possibility of corrosion in heat exchangers 
and also increases the consumption of water which is an 
important issue in arid areas. Moreover, non-uniform 
thermal distribution because of gravity can decrease the 
efficiency of the cooling system. 

 

APPLICATIONS 

• One of the applications of evaporative cooling by water 
spray is in architecture. Evaporative cooling by water has 
some advantages in compare to other micro climate 
techniques to have an indoor and outdoor comfort 
environment. This system is environmentally-friendly and 
very economical in compare with other HVAC systems. The 
other benefit of using water spray cooling system is its 
flexibility which gives designers opportunity to have better 
innovative project designs. 

• Air conditioning and refrigerating systems are another 
applications of the evaporative cooling system. Air cooled 
condensers (ACC) are utilized in these systems and their 
efficiency is influenced by the heat exchange in the 
condenser. Particularly in hot and dry ambient conditions 
lowering the temperature of air flow upstream of the 
condenser is useful for improving the efficiency of these 
type of cooling systems. 

• Energy industry is the other field uses water spray cooling 
system for pre-cooling in turbines and cooling towers. In 
high temperatures of the environment, the efficiency of gas 
turbines shows reduction because of less dense of air and 
less flow rate in compressors. Turbine fogging increases the 
density and reduces the temperature of the air stream in 
inlet part of the compressor which results rising in turbine 
power production. In compare to other methods turbine 
fogging has become more popular because of low cost and 
high efficiency. 

APPLICATIONS 

• Cooling towers in vapor power cycles use water spray 
cooling as an operative technique for increasing the overall 
efficiency of the power plant. Vapor power cycles operate 
among two specified temperature limits, the exit of boiler 
as the highest temperature and exit of condenser as the 
lowest one. Figure 2(a) shows a schematic structure of a 
vapor power cycle. 

 

 

 

 

 

 

 

Figure 2:  (a): Schematic structure of a vapor power cycle , (b): The 
effect of reduction of Temperature on ideal vapor power cycle 

(Rankine cycle)  

 

• As shown in Figure 2(b) decreasing in condenser 
temperature consequences increasing in work production 
of the cycle. For low efficient power plants such as 
geothermal plants in high ambient temperatures (lowest 
temperature limit of the power cycle) reduction in output 
power is Inevitable and as mentioned above lowering the 
temperature of the condenser is one of the methods which 
has some advantages in compare to others. Most of the 
high-temperature geothermal plants are located in arid 
areas, subsequently using a cooling system with less water 
consumption is significant. 

 

 

 

 

 

 

AIM 

• BURET laboratory is equipped with required facilities for 
performing high accurate evaporative cooling related tests. 
For an evaporative cooling research, a low-speed wind 
tunnel with different types of sensors is needed to collect 
data from experiments. BURET wind tunnel is a low-speed 
blowdown type which has been designed and constructed 
by BURET research group in 2015. Table 1  shows technical 
specifications of BURET wind tunnel. 

 

 

 

 

 

 

 

 

Table 1: Technical specifications of BURET wind tunnel  

 

• Inlet air specifications are the parameters that can impact 
the efficiency of the cooling system. Velocity of the air flow 
can be adjusted manually by an electronic panel installed 
for this purpose. Humidity and temperature of the inlet 
airflow will be controlled by using an electronic heater 
which will be installed in intake part of the wind tunnel. 
Two Humidity and thermocouple sensors are exploited in 
intake section for measuring relative humidity and 
temperature of surroundings. Flow visualization is another 
method for understanding the dynamic of flow in the test 
section of BURET wind tunnel. For this purpose, a smoke 
generator is prepared which will be installed in intake part 
of the wind tunnel. 

• This project aims to find the optimum condition to 
overcome incomplete evaporation and non-uniform 
temperature distribution. Specification of the spray nozzle, 
properties, and motions of free stream airflow are main 
parameters influence momentum exchange between 
droplets and air. Effects of water flow rate, droplets size,  
velocity, turbulence intensity, velocity and motions of air 
stream should be studied to reach a high percentage of 
evaporation with a nearly uniform distribution of 
temperature.  

Technical Specification 

Type Blow Down 

Speed Range 0.2 m/s – 10 m/s 

Test Section Dimensions 1m X 1m X 3.5m Length 

Blower Type Centrifugal 

Electric Motor Rating Up to 1475 RPM, 22kw 

Contraction Area Ratio 6.25 

• This wind tunnel is equipped with sensors to make 
pressure, velocity, humidity and temperature 
measurements in its test section. A Hot Film Anemometer 
is utilized to measure inlet air velocity. Two humidity 
sensors are used to measure the relative humidity of air 
stream at inlet and outlet parts of test section in the wind 
tunnel. Figure 3 shows a schematic position of sensors 
utilized in the test section. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3:  schematic position of sensors in the test section 

 

• Thermocouples are the other sensors which have been 
equipped for measuring the temperature of the air stream 
at inlet and outlet of the test section. Due to laminar and 
homogeneous flow at the inlet part of the test section, one 
K-Type thermocouple is sufficient for that part but because 
of non-uniform temperature distribution at outlet part of 
the test section, 9 K-Type thermocouples utilized for 
detecting accurate temperature distribution. For measuring 
the pressure loss induced by water spray along the test 
section, a Differential Pressure Transmitter is used with two 
pitot tubes at inlet and outlet parts of the test section. 

• Additionally, a data acquisition system with five modules is 
available for collecting and processing data and sending 
them to computer for analyzing. Figure 4 shows data 
acquisition panel in BURET laboratory. 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Data acquisition panel 

 

• Various droplet sizes and velocities will be tested in this 
project and for this reason, a proper water system will be 
designed and installed in the laboratory. The water system 
will contain a variable speed water pump, pressure 
transmitter, flow control valve, tank and proper piping for 
installing different spray nozzles. This system will be able to 
provide desired flow rate and pressure for spraying water 
to the test section. 

• Particle image velocimetry (PIV) system is also available for 
research and diagnostics into the flow, turbulence, and 
spray atomization. This system is also equipped to a 
Shadow Sizer which can measure size, velocity and shape of 
the particle using backlighting and image analysis software. 
Data is analyzed by software and includes histograms of 
size distribution, spatial distribution plots, cumulative 
histograms, and tables. Table 2 demonstrates specifications 
of available PIV system in BURET laboratory. 

 

 

 

 
 

 

 

 

 

Table 2: Particle image velocimetry (PIV) Specification 

 

 

 

Particle image velocimetry (PIV) Specification 

Lasers Repetition Rate 0-15 Hz 

Laser Output Energy at 

532nm 

135 mJ 

Camera fps at full resolution 21 

Camera Sensor resolution 3312 px x 2488 px 

Camera Interframe time 200 ns 
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