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 ABSTRACT  
An experimental study has been carried out to improve the heat transfer in heat exchanger(H.E) cooled by water 
sprayed air and as additional to increase the heat transfer for the H.E added Al2O3 nanofluid to the water which 
flowed in heat exchanger using two different concentrations( 0.5 & 2%). A pilot has been built allowing injecting 
droplets in air by a nozzle in various conditions while controlling air flow rates, temperature and humidity. One can 
clearly observe that fluid outlet temperature has decreased with the augmentation of nanoparticle volume 
concentration and with used spray system. The emphasis has been put on the spray evaporation resulting in a 
temperature decrease and humidity increase in the air flow. Upon passing the air through the condenser, the 
temperature of the air increases and humidity decreases. When applying mist, temperature of the air decreased from 
about 3 oC and the relative humidity of 38% then passed to 50%. An actual increase the heat transfer for the heat 
exchanger cooled by air up to 1.577 times the heat transfer for the heat exchanger cooled by spayed air, and up to 
1.763 for the heat exchanger using water –nanofluid flow.  
Keywords:- enhanced, heat transfer, condenser, water spray air, nanofluid  

1.INTRODUCTION  
Decreasing energy consumption and increasing efficiency is one of the most important points in our area. Becoming a 
matter of primary importance in air conditioning, industrial and commercial cooling applications, supermarket cooling, 
blast freezing and process cooling applications, energy efficiency affects design of chillers (and its equipment such as 
condensers, compressors etc.) and urges manufacturers to develop high performance, energy-efficient, environment 
friendly, and economic and long life products. The air cooled condensers (fin and tube heat exchangers) are the most 
widespread category for low and average refrigeration capacities because the cooling medium (air) is a natural and free 
source. However, as air is not an efficient cooling medium, it implies high air flow and significant exchanger area. 
Adding a spray of a controlled and small quantity of fine water droplets at the air inlet seems to be a potential solution 
that deserves to be investigated and analyzed, it is expects to be widely applied and several experimental and numerical 
studies investigate in this realm to develop and design more efficient system. R. Sureshkumar, et al. 2008 [1], showed 
experimentally that for a specific water flow rate, the smaller nozzle at higher pressure produced more cooling than a 
larger nozzle at lower pressure and they provided accurate with consistent data that can be used for comparison with 
other experiments and simulations. They founded in hot and dry conditions, a cooling up to 14 oC was attainable in 
both parallel and counter flow configurations.  R. Faramarzi, et al. 2010 [2] , studied variations in net cooling capacity, 
total power consumption, energy efficiency ratio (EER), and water consumption across the tested climatic conditions, 
and compared the performance of the unit with the performance of air-cooled condenser type Air Conditioner (A/C) 
systems. A numerical study by K.A. Jahangeer , et al. 2011 [3],investigated a the heat transfer characteristics by using a 
spray water or droplets in air cooled condenser. K.T. Chan,et al.2011[4] , used mist evaporation to improve the 
coefficient of performance (COP) of air-cooled chillers with variable condensing set point temperature control. 
Experimental and numerical study of the enhancement of the heat exchanged on a tube and fin exchanger (a simple 
exchanger) using an air flow containing water droplets sprayed with several varying conditions (several nozzles, set 
temperature and humidity conditions, various air flows, etc.) by J. Tissot, et al. 2012, [5] and P. Boulet et al. 2013, [6].  
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The present experimental work aimed at the validation of the concept of possible cooling of air using nozzle for 
optimizing the process and the quantification of temperature decrease and humidity loading of air. The experimental 
setup will be fully described in the following sections, as well as measurement devices, corresponding uncertainties and 
nozzle selection. Then, effective cooling will be studied and analyzed in terms of air temperature and humidity. Finally, a 
first result will be discussed on the heat exchange improvement in the heat exchanger crossed by the flow.  

2. THE EXPERIMANTAL PILOT  
The test rig based on an instrumented air duct with a stabilized airflow in which droplets are injected using suitable 
types of fine spray nozzles and the air-droplet flow is directed in a channel toward a heat exchanger. Various 
characteristics (flow rate, velocity, temperature & humidity) are determined experimentally through dedicated 
measurement devices. The airflow is pre-heated at the inlet and sucked through a square duct by a blower. A flow meter 
allows the measurement of the inlet flow rate. Honeycomb grids are located after the blower in order to provide a settled 
and stationary flow. The air is then entering in the channel section devoted to study the interactions between the airflow 
and the droplets. Droplets are injected with a spray nozzle and the air-droplet flow is directed toward the heat 
exchanger where the finned-tube condenser is located. Hygrometers and thermocouples allow the characterization of 
the air properties. Flowmeter and thermocouples may also be used for the evaluation of the heat exchanged at the 
exchanger by characterizing the properties of the fluid inside the exchanger (water for the present work). The pilot 
experiment shown in Figure.1 in a room where the temperature and the humidity are controlled and in Figure.2 the 
sketch of the pilot . Table.1 gives the characteristics main parts of the test rig ,Table.2 gives the characteristics of 
condenser , and Table.3 views the used measuring apparatus. The parameters and measurement rang is shown in 
Table.4 

. 
Figure.1 The pilot 

 
Figure.2 sketch the pilot 
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Figure.3 Diagram the Relative Humidity and Temperature of the air points placed upstream and downstream of the heat 

exchanger in the plane perpendicular to flow of the air. 

3. EXPERIMENTAL WORK PROCEDURE  
3.1 Experimental parameters  
Each experimental test was take the following parameters have been considered:  
1. Ambient temperature and humidity.  
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2. Air velocity and temperature in the duct before injection.  
3. Air temperature and humidity toward the heat exchanger.  
4. Location of the nozzle.  
5. Direction of droplets injection (co or counter-current).  
6. spray water flow rate.  
7. Heat exchanger water flow rate and temperatures at inlet and outlet.  
3.2 The steps of experimental test  
The following are the steps which must be done to complete the test:  
1. controlled the temperature and the humidity of ambient air.  
2. Measured the air velocity and temperature in the duct before injection.  
3. Select the location and the direction of droplets injection.  
4. Select the type of the nozzle.  
5. Measured the spray water flow rate.  
6. Measured the water flow rate and the temperatures at inlet and outlet of the heat exchanger.  
7. Measured the air temperature and humidity before and after the heat exchanger.  
3.3 Preparation of Al2O3 nanofluid  
In general, there are two methodologies used to produce nanofluids, namely the single-step method, where 
nanoparticles are produced and dispersed simultaneously into the base fluid, and the two-step method, where the two 
aforementioned processes are accomplished separately. To produce an even and stable suspension several techniques 
are applied, such as use of ultrasonic equipment, pH control or addition of stabilizers. The material of nanoparticles is 
chosen as Al2O3 because it is chemically more stable and its cost is less than their metallic counterparts and also it is 
easily available. Al2O3-water nanofluid is prepared by two step method. Adding a specific grams of the Al2O3 in to the 
water and the mixture was mixed slowly in the sonicator about 20 min to break up any particle aggregates and prepared 
two volume concentration of nanofluid 0.5 % & 2.0 %.  Thermo physical properties of nanoparticles and base fluid 
(water) at 25 oC are shown in the Table 5, and for the water-nanofluid properties are shown in the Table 6 using 
equations as in M.M. Heyhat 2012[7].  

Table 5 (Thermophysical properties of nanoparticles and base fluid(water) at 25 oC) . 

 

4. RESULTS AND DISCUSSION  
4.1 Influence of distance on air cooling  
Evaporation of a spray in an air flow occurs throughout its length. This evaporation depends on the residence time of the 
spray and the corresponding increase humidity in the air. We therefore sought in this section to determine the distance 
downstream and upstream of injection of the spray, from which the cooling air is great. For This distance, measures the 

temperature of the air are carried out on sections the vein of experimental pilot between 20 and 80 cm downstream of the 
injection point spray. The minimum temperature and the average temperature for each measurement distance 
summarized in Table.7, as well as the humidity. The Figures (4) show the humidity and the temperature distribution of 
the air flow in transverse section Z=20,40,60,80cm for nozzle type 10 and the direction of injection of spray with the air 
(co- current) with inlet air temperature is 25 oC . The Figures (5) show the humidity and the temperature distribution 
with counter-current flow. It seem that the reduction temperature is not uniform over the entire cross section and is 
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greater at the center of the vein, in the zone where the spray is most dense. However, this heterogeneity decreases away 
from the injection point. The Figures (6) & (7) presents the evolution of the humidity and the temperature of the air in 
function of the distance between the measurement surface and the injection point of the spray. Indeed, the difference 
between the average temperature and the minimum temperature decreases with increase the distance from the injection 
point. A co-current, evaporation of the spray and the reduction in temperature is more important the center of the section, 
because the water fraction in the air is most important. The reason for this concentration in the injection configuration is 
the low spatial dispersion of drops in space. Therefore, the cooled surface is greater and the reduction in temperature 
locally less important. In the counter-current flow, the temperatures obtained the entire section are more homogeneous 
and lower average than co-current in the small distance. For the purposes of misting on a condenser that allows position 
nozzles near the condenser and thus limit the drive by spray gusts of wind in the case of a condenser placed outdoors. 

 
Figure 4( a ) Humidity distribution & (b)Temperature distribution in the transverse Z=20,40,60&80cm using nozzle 

type10 with a co-current (Tinlet =25 oC) 

 
 

Figure 5 ( a ) Humidity distribution & (b) Temperature distribution in the transverse Z=20,40,60&80cm using nozzle 
type 10 with a counter-current (T inlet =25 oC) 
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Figure 6 Average humidity in the transverse Z=20,40,60&80cm using nozzle type 10 with a co & counter-current 
current air velocity 2.4 m/s (a)T inlet =25 oC & (b) T inlet =30 oC. 

 

 
Figure 7 Average temperature in the transverse Z=20,40,60&80cm using nozzle type 10 with a co & counter-current 

air velocity 2.4 m/s (a)T inlet =25 oC & (b) T inlet =30 oC. 
  

Table 7 (Summary of the experimental results for nozzle type 10 and air velocity 2.4 m/s).. 

 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org 

Volume 4, Issue 1, January 2015              ISSN 2319 - 4847 
 

Volume 4, Issue 1, January 2015                                                                                    Page 39 

4.2 Influence of air flow on air cooling  
The same measurements were performed for cooling air flow rates of 0.14 & 0.225 m3/s corresponding to speeds of 1.5 
& 2.4 m/s. The results includes these measurements of air velocity with the direction of injection of spray (co & 
counter- current) where inlet air temperature is 30 oC,. Comparison of the results obtained for the airflows studied 
shows that the humidity increases significantly with increasing air flow, as shown in Figure (8),and the temperature 
decreasing as shown in Figure (9). In fact, increasing the velocity of the air has the effect more rapidly cause the spray 
thereby reducing the residence time and dispersion of droplets in the flow. The fraction of evaporated water is then 
directly reflected in diminished. Summary of the experimental results for nozzle type 10 with T inlet air 30oC for spray 
flow rate 0.6 and air velocity 2.4 &1.5 m/s are shown in Table 8.  

Table 8 (Summary of the experimental results for nozzle type 10 with T inlet air 30oC for spray flow rate 0.6 and air 
velocity 2.4 &1.5 m/s). 

 
 

 
Figure 8 Average humidity in the transverse section Z=40&60cm, Tinler air 30 oC for (a) co-current & (b) counter-

current 

 
Figure 9 Average temperature in the transverse section Z=40&60cm, Tinler air 30 oC for (a) co-current & (b) counter-

current. 
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4.3 Influence using spray system on heat exchanger  
Table (9) summary the temperature of water outside the heat exchanger without and with spray nozzle type 10 at 
distance 40 cm, counter-flow for air velocity 2.4 & 1.5 m/s. Figure (10) shows the temperature of water out of heat 
exchanger without and with using spray system nozzle type 10 at Z=40 with a counter-current flow and air velocity 2.4 
m/s, temperature water inlet the H.E=45 oC, inlet air temperature 30 oC . It seemed to be the temperature of the outlet 
water decreasing with reducing the flow rate and with using spray system. When the inlet air velocity increased the 
temperature of outlet water from heat exchanger decreased, as shown in Figure (11).  

Table 9 (The temperature of outlet water of heat exchanger without and with spray nozzle type 10 at distance 40 cm, 
counter-flow with air velocity 2.4 & 1.5 m/s). 

  

 
Figure 10 Comparison the temperature of water out of heat exchanger without and with using spray system nozzle type 

10 at Z=40 with a counter-current flow and air velocity 2.4 m/s, temperature water inlet the H.E=45 oC, inlet air 
temperature 30 oC 
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Figure 11 Compare the temperature of water out of heat exchanger with flow rate =8 L/min for air velocity 2.4 & 1.5 

m/s with using nozzle type 10 with a counter-current in the distance Z=40cm with inlet air temperature 30 oC. 
4.4 Effect using the nanofluid flow on heat exchanger cooling  
The technique for the heat transfer enhancement is by using a solid particles as an additive suspended into the base 
fluid. The nanofluid (Al2O3) was implemented in two concentrations, 0.5 and 2 vol.% and at different flow rates of 4, 6, 
and 8 L/min were implemented as the working fluids. In order to consider the effect of temperature on thermal 
performance of the heat exchanger, different inlet temperatures of the nanofluids (40, 45, and 50oC) have been applied. 
The results summarized in Table 10 and record the temperature of outlet water-nanofliud from heat exchanger which 
cooled by air without and with using spray nozzle type 10 at distance 40 cm with counter-flow and air velocity 2.4 m/s.  
Figure (12-a) shown the comparison of the H.E cooling performance of the fluid without using spray system with inlet 
air temperature Tair=30oC and velocity 2.4 m/s for inlet fluid temperature 50 oC and the Figure (12-b) shown the 
comparison with using spray system. Three series of data are shown in this figures to pure water and also two different 
concentrations of nanofluids. One can clearly observe that fluid outlet temperature has decreased with the augmentation 
of nanoparticle volume concentration and with used spray system. It is important to mention that from a practical 
viewpoint for cooling system, at equal mass flow rate the more reduction in working fluid temperature indicates a better 
thermal performance of the cooling system.  
Table 10 (Summary the temperature of outlet water and water-nanofluid of heat exchanger without and with using mist 

system, nozzle type 10 at distance 40 cm, with air velocity 2.4 m/s and nanofluid volume concentration 0.5 & 2.0%). 
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Figure 12 Comparison of the H.E cooling performance of the fluid, inlet air temperature30oC and air velocity 2.4 m/s 

for inlet fluid temperature 50 oC 
  

4.5 Comparison the average temperature and relative humidity for air before and after heat exchanger  
Figure (13) shows the average temperature and relative humidity of air with counter flow before and after the heat 
exchanger without & with using mist system. Upon passing through the condenser, the temperature of the air increases 
and humidity decreases. When applying mist, temperature of the air decreased from about 3 oC and the relative humidity 
of 38% then passed to 50% . 

 
Figure 13 (a) Average temperature and (b) relative humidity of air with counter flow before and after the heat exchanger 

with & without using misting system. 
4.6 Comparison of heat transfer with and without nanoflouid  
Nanofluid is a new kind of heat transfer medium, containing nanoparticles (1-100nm) generally enhance the thermal 
conductivity and increases the conduction and convection coefficients. The heat transfer for fluid H.E without and with 
the sprayed air flow over the H.E has been summarized in Table 11 for air velocity 2.4m/s. As shown in Figure 14 and 
at constant volume flow rat in H.E, the heat transfer increases by using nanofluid and by using sprayed air. Also the 
results showed that the water-nanofluid with a highest volume concentration 2% has the highest heat transfer by using 
sprayed air in high velocity flow. The Figure 15 shows the effect of the nanofluid volume flow in H.E cooled by the 
sprayed air with velocity 1.5 & 2.4 m/s and for three inlet fluid temperature 40, 45 &50 oC. The heat transfer increases 
with increase flow rat of the fluid in H.E.  The Table 12 shown the ratio of heat transfer for fluid in H.E cooled without 
and with the sprayed air flow in H.E to the heat transfer water H.E cooled without the sprayed air with velocity 2.4 m/s. 
The heat transfer for the fluid flow in the H.E cooled by the sprayed air is 1.577 times the heat transfer for H.E cooled 
by the air without using spray system, and the heat transfer increased to 1.763 times by increased the flow rat of H.E, 
see Figure (5.39-b). 
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Table 11 (Heat transfer for fluid H.E without and with the sprayed air flow with velocity 2.4 m/s over the H.E). 

 
 

Table 12 (Ratio of heat transfer for fluid H.E cooled without and with the sprayed air flow over H.E to the heat transfer 
water H.E cooled without the sprayed air with velocity 2.4 m/s). 
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Figure 14 Comparison the heat transfer for the fluid with temperature 40oC & flow rat 4 L/min in the H.E cooled by air 

with velocity1.5 &2.4 m/s and temperature 30oC . 

 
           

Figure 15 Effect the nanofluid volume flow in H.E cooled by the sprayed air with velocity 1.5 & 2.4 m/s , temperature 
30oC & nozzle at Z=40 cm, nanofluid concentration 2%. 

 
 

Figure 16 Ratio of heat exchanged for H.E fluid with the sprayed air flow over heat exchanged for H.E fluid without 
spray, using spray system at Z=40 cm, inlet air temperature Tair=35 oC, air velocity 2.4 m/s, water flow in H.E (a) 8 

L/min, (b) 6 L/min. 
 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org 

Volume 4, Issue 1, January 2015              ISSN 2319 - 4847 
 

Volume 4, Issue 1, January 2015                                                                                    Page 45 

5. CONCLUSIONS  
This study showed the influence of the cooling of spray system and the direction of injection thereof into the air flow. It 
was demonstrated that the mist against the current is an advantageous compromise compared to a co-current injection 
to combine a large exchange surface and a wide dispersion of spray.  The measurement results and for calculating 
distances of 20 to 80 cm are presented. In both the average temperature between 20 and 80 cm decreases about ≈0.1 to 
2 oC. Upon passing the air through the condenser, the temperature of the air increases and humidity decreases. When 
applying mist, temperature of the air decreased from about 3 oC and the relative humidity of 38% then passed to 50% . 
An actual increase in the heat transfer in the heat exchanger cooled by air up to 1.577 times the heat transfer in the 
heat exchanger cooled by spayed air, and up to 1.763 times the heat transfer in the heat exchanger with water –
nanofluid flow.  
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