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ABSTRACT 

An experimental study is conducted on the utilization of water atomization to 

evaluate its impact on the humidification of steadily flowing air travelling 

throughout a curved portion of a uniform cross sectional duct. One of the more 

interesting aspects of curved channel flows is the introduction of a secondary flow 

pattern in the duct cross-section. The naturally generated turbulences in air flow 

will certainly assist the mixing between the air and the injected water droplets and 

improve the heat and mass transfer process encountered in evaporative cooling of 

the incoming air drought.   

The present study is considered as a simulation of the gas turbine inlet air 

cooling by the fogging technique. The drier the air, the better the humidification 

and cooling process. At higher ambient temperature of 43oC, an increase in the 

relative humidity of 67.8% and a temperature reduction of 39.6% were recorded at 

higher water atomizer rate of 24.2ml/s. Generally, the lower half of the curved duct 

is shown to be less sensitive to the atomizer position for a range of inclination 

angles between 10o to 45o with radial locations between 5 to 20cm from the inner 

wall. This situation makes this region most suitable for using atomizing array 

across it in order to give acceptable performance for cooling system. Nevertheless, 

the upper half of the curved duct introduces a critical atomizer position suitable for 

single point spray. This position is considered as the optimum atomizer position 

defined by a radii ratio of (r/rin = 3.2) and an orientation of -10o to the tangential 

flow. 

 

Keywords: curved duct; atomizer; fogging system; inlet air cooling;   

                   humidification. 

 

 لجريان هواء مستقر تأثير وضع المذري  في مجرى منحني على عملية الترطيب
 

 الخلاصة

لا تتدااةترديريتتلرة  تتيير دثيتتيترأ رمتتيرة تتبرة  يتتلردرريتت ر  تت ةير  تتدثررأجريتتدرارة تتلرة  يتتلر
ة جريينرةبرر جرىر نحنيري ر ثرعر ندظت.إحاىرة   يدِرةلأك ترِرأم يتلر جريتينر تييعرجتير جترىر
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 نحنيرمتيرظ ت ررن تررة جريتينِرة  تين  ِرجتير جتيارة جريتين.رة اتررةبيدرة ربيليتلرة  د  تا رجتير
ا رربيندييررة   ةير قررةدرة  ييرة  حث نلر دح نر نرة  يتيدرةندثتيار جرىرة   ةيردلززرة  يلرة 

 ة حرةر ر ة كد هرة  رةجثلر  دبريارة دباير ر دييررة   ةيرة اةاا.
ي.رة  ت ةيَر دااةتردثنيلرة د  يارة ابيبإ  ااار  يكنلرة د ربينرة غيز ربدلدبررة ارة لر حيكي ر دَبريارة

كينتدررCo43ةلاك ررجفيجتيريلرتيرأجاتارة  يتلَردبريتار ردرريت  رجلنتارارجتلِرحترةر رة جت رة لي يتلر

 ر ي تت ر%39.6 أنافتتيدرارجتتلِرة حتترةر ربحتتا ارر%67.8ة زيتتيا رجتتيرة رر بتتلرة ن تتبيلِر ثتتاةرمير

ةلا تفار  حظر نرالاارة ارة لرةنرة نصت ربشكارةيت ر(.رml/s 24.2  لاارديريلرة  ييرةلأة بر)

َ عر  قعررo45إ بررo10 نرة  جرىرة  نحنيرةقارح ي يلر  اعرة  يّر ر ز ةيير يلانرددرة حربينر

رة جتاةررة تاةا يِ.ر تيةرجتإنرمتيةرة جتزير تنرة  جترىرة  نحنتيرر20cmإ تبرر5قرر ريدرة حربتينر ِ تن 

رتتييرأاةير ثبتت ار  نظ  تتلرة دبريتتا.رأ تتيربي ن تتبلر  تتيك نر  تتي ير  تتدااةترصتت ر تتنرة  تتيرييدر ة 
  نِص  رةلأة بر نرة  جرىرة  نحنتيرجينتهريدثتاّتدر  اتعرحترذر   تيّر ر تيك نرةك ترر ني تبلر   قتعر

(ر3.2ir/r=ةلأ  تتار   تتيّر رك تتيردحتتااأرن تتبلِرأنصتتيِ رةلأقرتتيرر)ررشر نفتترا.رمتتيةرة   اتتعريلدبتتر

ر(رن بلًر  جريينرة   ي ي.ر-o10) بي  يلانر

NOMENCLATURE 

Latin Symbols: 

Symbol Description Unit 

L The duct width in the mean test section M 

P Pressure bar 

Q Water atomization rate ml/s 

R Radius cm 

RH Relative humidity % 

T Temperature oC 

U Velocity m/s 

X Transverse position cm 

Z Atomizer radial location cm 

Creak symbols: 

Symbol Description Unit 

Φ Atomizer inclination angle degree 

Subscript: 

Symbol Description 

A Air 

Amb Ambient 

Atom Atomizer 

Ave Average 

I At any element 

In Inner 

N At any location 

W Water 

Dimensionless parameters: 

Symbol Description Expression 

Dn Dean number Dn= Re√(L/rin) 

Re Reynold number Re = u.ρ.L / μ 
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ζ Probe position ζ = Xn / L 

ϴ temperature ϴ = Tn / Tamb 

Ψ Relative humidity Ψ = RHn/ RHamb 

 

INTRODUCTION  

tomizing is simply meant producing a fine spray of liquid in a gaseous 

environment. When liquid is atomized, the smaller the diameter of the 

liquid droplets, the greater the interfacial area between liquid and gas and 

thus the higher the rate of evaporation. When air flows through an atomized water 

spray, the result is an increase in the humidity ratio of the air due to the addition of 

evaporated water vapor, as well as, a drop in air temperature because of the 

absorption of required latent heat of vaporization from the flowing air [1]. 

Evaporative air cooling is an effective simple method of cooling hot, dry air as 

it uses no refrigerant gases or mechanical compression in producing the cooling 

effect. The decrease in electrical consumption and zero use of CFC compounds 

accompany the evaporative air cooling help to reduce greenhouse gas emissions 

and ozone depletion problems [2]. 

There are two main strategies for inlet air cooling by evaporative cooling 

systems based on the basis of the method to put air and water in contact: The media 

based evaporative cooler in which the air is forced through a wetted media (placed 

in the inlet duct) and the fogging that uses a spray system in the path of the 

incoming air [3]. 

Fogging system is one type of evaporative cooling in which the media has been 

eliminated and a mist of fine water droplets is introduced instead in the path of the 

incoming air. Demineralized water is injected via a series of distribution manifolds 

which contain multiple nozzles to distribute the water in   the incoming air in small 

droplets. The greatest cooling benefit is realized when employed in warm, dry 

climate [4]. 

The power output and fuel consumption are highly dependent upon the mass 

flow, quality, and ambient temperature of the air drawn into the gas turbine unit. A 

land based gas turbine for power generation has the characteristics that the output 

falls on hot summer days when the electricity demand peaks. This is because the 

high temperature causes air density to be less, reducing the mass flow of 

compressor intake air. 

One type of gas turbine inlet air cooling is the evaporative cooling by fogging 

technique in which a mist of fine water droplets is introduced in the path of the 

incoming air. Both, the nozzles performance and location are critical to the proper 

operation of the fogging system [5]. 

The inlet air duct of a gas turbine is usually has varying cross section that 

containing many curved parts in it. The curved duct shape will affect significantly 

the humidity addition to the air stream that aims to boost the output power. The 

flow pattern around these curves is totally different from that in the straight 

portions and it’s certainly will show a clear effect on the ability to absorb humidity 

within the flowing air. 

One of the more interesting aspects of curved channel flows is the introduction 

of a secondary flow pattern in the duct cross-section resulting from the imbalance 

developed between the centrifugal force and the radial pressure fields [6]. 

A 
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The centrifugal force driving the air stream which flowing near the outer wall of 

the curved duct to accelerate producing higher momentum to drag most of the 

injected droplets to penetrate the air flow there. On the other hand, the air flowing 

near the inner wall of the bend may have slower air stream which miss the 

opportunity to mix and penetrate the air flow. Nevertheless, if the deceleration is 

not that much, then it might be better for mixing process as more time is now 

available for the heat and mass transfer between droplets and the carrying air to 

occur. Therefore, a compromise must reach to make use of the naturally generated 

turbulences within the curved duct. 

Zhang et al. [7] conducted a study in the fluid flowing in a rotating curved duct 

subjected to both the Coriolis force due to a rotation and the centrifugal force due 

to a curvature. Wang et al.[8] studied theoretically the curved duct by using fluent 

programming. They represented among various cooling schemes, fog cooling (a 

direct evaporative cooling) has gained increasing popularity due to its simplicity 

and low installation cost.Mossad et al. [9] investigated numerically and 

experimentally the turbulent air flows inside a sharp 90° elbow bend. The study 

was conducted in an open-circuit horizontal-to-vertical suction wind tunnel system. 

The present work focuses on the water injection within the curved portion of 

square duct. The aim of this work is to obtain the most effective cooling and 

humidification of steadily flowing air draught, by specifying precisely the optimum 

position of the atomizer within the flow field in a curved duct. 

 

THE EXPERIMENTAL WORK 
Experimental work was performed in an open cycle, low speed wind tunnel 

(manufactured by Plint and Partners LTD.). The air enters the wind tunnel through 

a bell mouth shaped duct that gradually becomes a 50cm. The bell mouth aims to 

isolate any entrance effects and to produce steadily flowing air, where one of 

humidity meter device was fixed at the inlet of the wind tunnel. Tes-1367 

professional temperature and humidity meter with LCD display has an operating 

temperature range from 0 to 60 oC and relative humidity from 0% to 100% as 

shown in Figure (1). An additional straight100cm length of the 50cm side square 

duct was used in order to eliminate any turbulence in the air flow before entering 

the curved duct.The dimensions of the curved duct are 12.5cm inner radius, 62.5cm 

outer radius. The ratio of inner to outer radii is chosen according to the regulations 

of ASHRAE [10]. 
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Figure (1) The humidity temperature meter. 

The main test section was used to measure the temperature and the relative 

humidity profile of the treated air across the duct as illustrated in Figures (2), (3) 

and (4). It has a 50cm square cross section with 200cm length and has been 

thermally insulated to avoid the surrounding interaction to the cooling process.The 

probe of a humidity meter was mounted on a sliding plate that moves from wall to 

wall transversely as shown in Figure (2). The Lutron model, HT-3005HA 

professional humidity meter with LCD display has an operating temperature range 

from 0 to 50 0C and relative humidity from 10% to 95% as shown in Figure (3). 
 

 
Figure (2). The probe travel. 

 

 
Figure (3). The humidity meter. 

 

The air drawn into the duct will be driven out by the axial fan of the wind 

tunnel.The operating velocity was adjusted from 4m/s to 38m/s and controlled by 

Figure (3-16) The humidity temperature meter  
 

Figure (3-16) The humidity temperature meter  
 

Figure (3-16) The humidity temperature meter  
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means of a double butterfly valve at the fan outlet. The fan discharges the treated 

air through a silencer. 

The air mean velocity in the main test section was selected to be(14m/s) 

with(Re = 4.16*105), (turbulent flow) and  (Dn = 8.32*105) according to the 

calculations carried out corresponding to technical information attached to the gas 

turbine unit (V94.3a) installed at Kirkuk gas turbine power plant. Considering air 

flow and dimension of the curved portion of the intake duct of that unit at peak 

loads, the air velocity and dimensions of the test section were adopted and have 

been applied   [11]. The velocity was measured by using a standard Pitot-static 

tube. The layout of the wind tunnel is shown in Figure (4) shows the schematic 

drawing of the whole wind tunnel with both air and water systems attached to it. 
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The atomizer used in this workhas a diameter of (2.5 mm), and working at a 

safe pressure of (3.8 bar). The atomizer is used to introduce water in the form of 

fine droplets. This atomizer slides radially between 5 to 45 cm from the inner wall 

of the curved duct and it is mounted on a bracket that has the ability to rotate from -

90o to +90o to the tangential flow direction by a step of 5o as illustrated in Figure 

(5). 

 

 
 

 

 

 

To measure the dynamic pressure of the air stream in the wind tunnel, a Pitot - 

static tube is installed at the end of the fan inlet duct. A standard elliptical nosed 

Pitot - static tube with curved junction (N.P.L Standard) travels about (30cm) from 

the upper wall to the lower wall of the fan inlet duct section as shown in Figures 

(6) & (7). 

 

 

Figure (4) Top view of the Test Rig.  

Figure (5) Details of atomizer movements in the curved duct. 
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After converting the manometer reading into velocity [App.].We get air velocity 

distribution as illustrated in Figure (8).The average air velocity of the whole 

section is determined by equation (1). 

 





i

iai

ave A

Au
u

                                               

…(1) 

 

 

Figure (6) Pitot - static tube with manometer at fan inlet duct. 

 

 

Figure (7).Pitot - static tube. 

Pitot-static 

tube  
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RESULTS AND DISCUSSION 

        Increasing the atomization pressure leads to an increase in the water 

atomization rate and motivates an increase in the velocity of the injected fluid 

which leads more mass to be ejected out of the atomizer orifice [5]. 

The atomization rate increased from 4 to 30.7ml/s as the atomization pressure 

increases from 1 to 3bar as indicated in Figure (9). In the present work, the 

atomization pressure used was 2.5bar corresponding to 24.2 ml/s of water 

atomization rate. Increasing the atomization pressure over 2.5bar causes extra 

droplets to surround the measuring probe and to give inaccurate reading. 

When increasing the ambient air temperature, the relative humidity is decreased 

leading to higher ability of the air stream to contain water vapor. This phenomenon 

assists the humidification and the attainable cooling [5].  

Figure (10) shows clearly the same trend for both minimum and maximum 

water atomization rate at different ambient conditions. The drier the air is the better 

the humidification and cooling will be. It is obvious that increasing the water 

atomization rate ends in a higher increase in the relative humidity from (14.7%) at 

7ml/s to (44.2%) at 24.2ml/s, this trend is also observed in a temperature drop as 

the higher cooling of (17oC) occurs at the higher water atomization rate of 

24.2ml/s, while it was only (9.6oC) at 7ml/s. In the present work, a maximum 

ambient temperature of 43oC was selected due to more improvement that had 

happened in the humidification and the resultant cooling. 

Increasing the water atomization rate leads to improve the humidification of the 

air as more liquid is available for evaporation. This augmentation has a limit when 

the rate of increase reduces as the ability of the air to carry water droplet reduces 

due to the previous addition of water [12]. 

    The higher water atomization rate of (24.2ml/s) shown in Figure (11) gives good 

improvement in the relative humidity of 44.1%, but at the lower flow rates of 7 and 

Figure (8) Air velocity distribution in the fan inlet duct. 
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12.1ml/s, the relative humidity difference was 14.7 and 28.9 % respectively. The 

reduction in the temperature was 10.6, 13.9 and 17.2oC with the corresponding 

atomizing rates of 7, 12.1 and 24.2 ml/s respectively. In the present work, a volume 

flow rate of 24.2ml/s was selected as a compromise between the best possible 

humidification and the most accurate probe reading. 

In Figure (12) for an inclination angle  of (+90o), the relative humidity shows an 

increase of about 64.3, 55 and 26.2% corresponding to the atomizer radial location 

of 5, 25 and 45cm respectively. At 5cm, the humidification is better than the other 

trends because no water droplets fall on the outer walls of the curved duct.  Most 

regions in the cross section exposed to the spray gave low average temperature. 

The temperature reduced about 39, 23.1 and 3.4% corresponding to atomizer radial 

location of 5, 25 and 45cm respectively. 

At an inclination angle of (+45o), more uniform distribution of the relative 

humidity and temperature is clearly shown in Figure (13) compared to the previous 

inclination angle due to better mixing with air stream. An increase in the relative 

humidity of 65.6, 58.3 and 34% is observed at Atomizer radial location of 5, 25 

and 45cm respectively. More uniform distribution is due to the injection that 

approaches the direction of flow. The cooling of air is about 41.5, 29.7 and 7.4% 

corresponding to the atomizer radial location of 5, 25, 45cm respectively. 

Figure (14) represents the treated air properties for an inclination angle of (0o). 

Better humidification is obtained at a location of 25cm when most of the duct is 

exposed to the water spray and droplets that to be entrained with the air. This 

makes the droplets to penetrate deeper into the air stream and enhance the mixing 

and evaporation, and hence, humidification. Figure (14) shows an improvement of 

67.7% in the relative humidity accompanied with a 39.6% reduction in air 

temperature at 25cm. On the other hand, at 5cm, close to the inner wall, an increase 

in the relative humidity and temperature reduction had shown to be 56.5 and 27.9% 

respectively. The relative humidity increased at 45cm about 52.2% and the 

temperature reduced by 25.8%. At that location, major humidification occurs in the 

second half of the duct where most of the water droplets were drifted out towards 

the outer wall due to the acceleration caused by the centrifugal force.           

For the inclination angle of (-45o), the increase in the relative humidity and the 

temperature reduction at 45cm were 69.8 and 39.1% respectively as shown in 

Figure (15). This was due to the centrifugal force and the secondary flow that 

circulate the water droplets across the curved duct where the flow is more 

disturbed. The disturbances permit the water droplets to improve mixing with 

flowing air naturally, as well as, increase the cooling extent. For 5cm, the relative 

humidity increases by 49.5% due to the adhesion of water droplets on the inner 

wall. At the same time, the temperature reduction of 19% is obtained at that 

location. For 25cm, water is injected into the lower velocity region and some will 

entrained to the center of the flow field which results in slightly better 

humidification. For this location relative humidity increases by 65.4% while 

temperature reduces by 37.1%.      

The relative humidity was improved by 67.9% at 45cm for an inclination angle 

(-90o) as shown in Figure (16). This location has maximum reduction in 

temperature of 39%. The improvement in the humidification was achieved by the 

exposure of most of the cross section to the spray and by the penetration of the 

injected droplets into the most of the flow field away from the outer wall. At other 
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locations of 5 and 25cm, the increase in the relative humidity was 31.8 and 63.3% 

respectively; as well as, a reduction in the temperature of 8.9 and 29% respectively, 

due to less exposure to the spray and more water droplets to adhere on the inner 

wall.  

 

ATOMIZER OPTIMUMPOSITION 
Investigating all the graphs have been previously explored showing that at any 

location across the curved duct; the best performance of the spray system was 

obtained when directing the spray towards the centre of the flow field. This 

phenomenon is attributable to the better diffusion and deeper penetration of the 

injected droplets into the flowing air stream throughout the curved duct. 

For clear presentation of the above discovery, the humidity and the 

temperature profiles of the treated air is drawn at different inclination angles with 

varying radial locations. Figure (17) have shown the average values of the non-

dimensional humidity and temperature that been obtained for the range studied. 

Figure (17) indicates that the lower half of the curved duct gives a stable 

performance for humidification and the cooling process, especially for angles in 

the range of +10 to +45° as they show very close uniform trends across that region. 

The mean values for these angles gave an average relative humidity improvement 

of 67.6% and average temperature reduction rate of 42.3%. This indicates less 

directional sensitivity and promising steadily and efficient operation of the spray 

system at any location across that half of the curved duct. Nevertheless, the upper 

half of the curved duct shows a clear difference in the relative humidity and the 

temperature distribution throughout indicating high sensitivity of position for the 

spray system. This would limit the possibility to utilize that region efficiently in 

producing good cooling of air stream. 

In spite of high velocity in the upper half that help the injected droplets to 

penetrate deeper, the centrifugal forces will bring a large portion of them to fall out 

on the outer wall of the duct and reduce the possibility of evaporation and heat 

exchanging with air stream. This action would expose most of the duct section to 

the higher temperature air as many droplets are entrained with the outer layers of 

the flowing air. The situation in the lower half seems better for humidification 

process as the moderate air velocity and vortices give longer time for heat 

exchanging and penetrating into air stream. This circumstance is suitable to make 

most of the duct section exposed to water spray and to lead the injected droplets 

outward which certainly aid the rates of cooling and humidification. 

Re-examining Figure (17) shows that the high sensitivity of the upper half 

introduces a location that to be considered as the optimum for the atomizer since it 

gives the higher humidity and lower temperature obtainable throughout. This 

critical position was observed at Z=27.5 cm and an angle of -10°. The atomizer 

when being in that position gives a typical path for the injected droplets along the 

flow field and makes use of air turning around the curved duct to carry and diffuse 

the droplets across the entire section. This position utilizes both effects of the 

centrifugal forces with less falling out on the outer wall, and the secondary flow for 

penetrating and heat exchanging between the injected droplets and the air layers 

that go around the spraying spot to diffuse across the entire lower half of the duct. 

Higher average relative humidity of (79.4%) and larger temperature reduction rate 

of (49.1%) were recorded at this critical position. 
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At this stage of analysis, it is essential to introduce two important realizations. 

First; the less sensitivity of the lower half to the atomizer position considered 

suitable for the case of the multi-point spray by using atomizing array in the air 

stream which would give good performance at many acceptable positions. Second; 

for single-point spray, it seems that the best is to install the atomizer at the radial 

location of (r/rin = 3.2) and at an angle of (-10°). 

 

 

 
 

 

 

 

Figure (9) Relation between water atomization rate and atomization pressure. 
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Figure (10) The resultant improvement in treated air properties due to ambient 

condition; (A) Relative humidity (B) temperature; at Qw = 24.2ml/s. 

(A) 

(B) 
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Figure (11) The resultant improvement in treated air properties due to water 

atomization rate; (A) Relative humidity (B) temperature. 

 

(A) 

(B) 

(B) 



Eng. & Tech. Journal, Vol.31, Part A, No.5, 2013    The Effect of Atomizer Position in a Curved       

                                                                                      Duct on the Humidification Process of  

                                                                                   Steadily Flowing Air 

 

808 
 

 

 
 

 

 
                                                                       (B) 

 

Figure (12) The effect of atomizer radial location on air properties; (A) Relative humidity 

distribution (B) temperature distribution; at Ø = +90o. 

Figure (13) The effect of atomizer radial location on air properties; (A) Relative humidity 

distribution (B) temperature distribution; at Ø = +45o. 
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(A) 

Figure (14) The effect of atomizer radial location on air properties; (A) Relative humidity 

distribution (B) temperature distribution; at Ø = 0o. 

 

(B) 
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                                                                  (B) 

(A) 

Figure (15) The effect of atomizer radial location on the air properties; (A) Relative 

humidity distribution (B) temperature distribution; at Ø = -45o. 
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(A) 

Figure (16) The effect of atomizer radial location on the air properties; 

(A) Relative humidity distribution (B) temperature distribution; at Ø = -90o. 
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                                                                   (B) 

 

 

 
Figure (17) Variation of treated air properties with atomizer position;  

(A) Average relative humidity distribution (B) Average temperature distribution. 
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CONCLUSIONS  

1. The drier the air, the better the humidification and cooling process will be. 

At higher ambient temperature of 43oC, an increase in relative humidity 

of44.2% and temperature reduction of 17oC were recorded at higher water 

atomizer rate of 24.2ml/s. 

2. Increasing water atomization rate brings more improvement in 

humidification process. When increasing water flow rate from 7 to 

24.2ml/s, the improvement in relative humidity increases from 14.7 to 

44.1% respectively. The corresponding reduction in the temperature is 10.6 

to 17oC. 

3. Close to the inner wall of the curved duct, i.e., at 5cm, the best 

performance recorded was at +45o with the tangential flow as reaching an 

increase in humidity of 65.6% and reduction in temperature of 41.5%. 

4. Close to the outer wall, i.e., at 45cm, the best performance recorded was at 

-45o to the tangential flow as reaching an increase in relative humidity of 

69.8% and a reduction in temperature of 39.1%. 

5. At the middle of the curved duct, i.e., at 25cm, the best performance that 

was recorded when the injection was arranged tangentially along the flow 

direction. Improvement in the relative humidity reaches 67.7%, while the 

temperature reduces by 39.6%. 

6. The less sensitivity of the lower half to the atomizer position considered 

suitable for the case of the multi-point spray by using atomizing array in 

the air stream which would give good performance at many acceptable 

positions. 

7. For single-point spray, it seems that the best is to install the atomizer at the 

radial location of (r/rin = 3.2) and at an angle of (-10°). 
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Appendix 

        The correction of Pitot-static tube for reading air velocity is determined 

according to the standards as in the following [13].    

𝑃𝑡𝑜𝑡𝑎𝑙 = 𝑃𝑑𝑦𝑛𝑎𝑚𝑖𝑐 + 𝑃𝑠𝑡𝑎𝑡𝑖𝑐(2) 

𝑃𝑑𝑦𝑛𝑎𝑚𝑖𝑐 = 𝑃𝑡𝑜𝑡𝑎𝑙 − 𝑃𝑠𝑡𝑎𝑡𝑖𝑐 = ∆𝑃𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 = ∆𝐻𝑤 . 𝜌𝑤 . 𝑔 =
1

2
 . 𝐶. 𝜌𝑎 . 𝑢𝑎

2(3) 

 

𝑢𝑎 = √
2.∆𝐻𝑤.𝜌𝑤.𝑔

𝐶.𝜌𝑎
      (4) 

 

𝐶 =  𝐶𝑜 +  𝜏 + Ω (5) 

Where: 

Co: stem-static holes distance term, in this work used type is 0.9975. 

𝜏 : Viscosity term, (fully developed flow (𝜏 = 0)).  

Ω: distance of the tube from the wall term may be determined from Figure (18). 
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Figure (18) CorrectionPitot - static tube.  


