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ABSTRACT 

The aim of this work is to study the effect of injecting certain amount of cold water through 

the hot air stream flowing over the outer surfaces of plain tubes, of water-cooled heat 

exchanger on the air temperature distributions in a narrow region around the point jet 

position. The traces of water are injected from a single jet placed at the center of the inlet 

section of heat exchanger. Injecting water over the heat exchanger tubes is a simulation to the 

case of water leakage from a heat exchanger tube due to crake or hole in the heat exchanger 

tube. A three dimensional turbulent flow model including the equations of continuity, 

momentum and energy together with the particle model are solved numerically using the 

ANSYS-CFX 12.1 software for the simulation of flow and heat transfer of air inside the heat 

exchanger. The software has also been used to construct the contours of the air/water mixture 

temperature, coefficient of heat transfer, heat flux and mass fraction. 
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INTRODUCTION 

 

There are many industrial situations in which a fine liquid spray contacts a surface which is at 

a temperature in excess of the liquid saturation temperature. The term "spray cooling" is used 

to describe this process. In most such situations the transfer of heat from the surface is the 

desired effect. In other cases it is a secondary effect, in some situations; it may even be 

undesirable side effect. 

There are many factors involved in the design of the mist cooled heat exchanger; the 

fundamental ones among them are the structure of the heat exchanger core, the direction of 

air flow and the direction of water injection. McMillan [1] obtained the data of pressure drop 

and heat and mass transfer during air/water mist flow across a bank of tubes, and reported the 

significant effect of the water supply on the heat transfer enhancement. Oshima et al. [2] 

proposed a formula for the design of mist cooled heat exchangers on the assumption that the 

tubes are fully wet. Tree et al [3] conducted experiments on a finned-tube heat exchanger 

with relatively small rates of water supply, and reported that the performance of the heat 

exchanger is sensitive to the mass flux of water mist. They also reported the difficulty in 

extending the wet zone toward the rear part of the heat exchanger. 

Carpenter [4] pointed out the effect of the air velocity on the transport of water separated in 

droplets from a tube to another, thereby yielding an appreciable influence on the heat 

exchanger performances. Some data in the literature show that the water spray on the heat 

exchangers of conventional design produces a certain effect, yet the effect is not impressive 
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due to the stagnation of the arrested water in the upstream region of the heat exchanger core. 

The structure of the exchanger core should be designed so as to effectively spread the wet 

zone towards the downstream end. Spread of the wet zone depends primarily on two factors; 

the dynamics concerning the arrest of water droplets by the heat exchanger surfaces, and the 

mechanism of spread of water film on the surface Nakayama et.al [5] studied a heat 

exchanger core composed of horizontal tubes, arranged in a bank which is deep in the 

transverse direction and relatively short in the direction of the air stream. In their model the 

air was blown horizontally across the tube bank, and water mist was born in the air stream. It 

was found that the average heat transfer coefficients of the tube bank could be raised 

markedly by the water injection without penalty of increased flow resistance, consequently, 

(300-500%) of heat transfer enhancement was obtained. Also The heat transfer coefficient of 

individual tubes depends to a considerable extent on the temperature potential. This suggests 

the importance of evaporation of water from the wetted part of the tube's surface in 

enhancement of heat transfer. Some investigations [6-7] reported that employing evaporative 

cooling to cool the inlet air of an air cooled heat exchanger will result in a higher heat transfer 

rate .This was achieved by spraying water droplets into the inlet air of an air cooled heat 

exchanger. Bhatti and Savery [8] showed that introduction of droplets into the thermal 

boundary layer formed around the fins of a heat exchanger will greatly improve the heat 

transfer coefficient and therefore result in increasing the heat transfer. Wachtell [9] stated that 

maximum droplet size of 20m is required to ensure that the inlet air cools to near wet bulb 

temperature and to prevent the heat exchanger surface from becoming wet. Esrerhuyse, 

Kroger [10] studied the effect of ionization of spray in cooling air on the wetting 

characteristics of finned tube heat exchanger, the results indicated that droplet deposition 

decreased significantly as the charge on the droplets was increased.  As observed from the 

previous survey, there is a shortage in handling spray cooling heat exchanger mainly in 

turbulent flow. Consequently, this work is concerned with the study of heat transfer 

characteristics arisen from a single point injection of discrete cold water droplet though 

streams of hot air that to be primary cooled in a water-cooled heat exchanger. 

 

MODEL GEOMETRY 

 

The heat exchanger consists of 80 tubes, of in-line arrangement, made up of TS35.8I, the 

tubes dimensions are of 10 mm inside diameter, 13 mm outside diameter and 36 cm length in 

the x-direction. The length of the heat exchanger in the y-direction is 20.8 cm, whereas the 

length of the HX in the z-direction is 26 cm. These tubes are arranged in line, 10 tubes in the 

direction of flow; in the z-direction and 8 tubes in the transverse direction; in the y-direction. 

These dimensions of the heat exchanger have been selected to give 5 kW power rating. Hot 

air at specified mass flow rate and inlet temperature (𝑚 𝑎 , 𝑇𝑎 ,𝑖𝑛)  is blown horizontally across 

the tube bank in the z- direction.  Water mist at (𝑚 𝑤𝑗 , 𝑇𝑤𝑗 ) is injected in the direction of the hot  

air from a point jet in the inlet section  at (x=0.1 mm, y=0.104 m). In the same time cooling  

water flows inside the heat exchanger tubes from one side to the other and then to the drain. 

The cooling water is treated as a convective medium with an average temperature Tf  and a 

heat transfer coefficient by convection hf.  

Figure(1)  shows the In-line arrangement of the heat exchanger tubes, and the directions of 

the fluids flow, whereas  Figure (2) shows the injection positions.  

In formulating the model the following assumption are considered: 

 The model is treated as three dimensional turbulent flow. 

 k- Є turbulent model is adapted. 

 Particle model:  (Lagrangian discrete phase model). 
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 Drag force is calculated using Schiller Neumann half-transfer model. 

 Particle diameter distributions are calculated using Rosin-Rammler. 

 The heat transfer between the continuous phase and the particles is solved using Rans-

Marshall. 

 Conical shape particle injection is postulated 

 

 
Fig.1: General view of the model configuration 

. 

 

This work is concerned with the study of heat transfer characteristics arisen from a single 

point injection of discrete cold water droplet though streams of hot air that to be primary 

cooled in a water-cooled heat exchanger. The conservation equations of continuity, 

momentum and energy in the Cartesian coordinate for the three dimensional turbulent flow of 

air-water mixture in the shell-side is written in the vector form as: 

    

Continuity conservation equations 

 
∂ρ

∂t
+ ∇.  ρυ   = Sm                                                                 (1) 

 

Momentum conservation equations 
∂

∂t
  ρ  𝜐  +  ∇.  𝜌  𝜐   𝜐  = −∇P + ∇.  𝑇  +  𝜌𝑔 + F                                              2  

 

Where, 𝑇  is the stress tensor for compressible flow given as  

 

T = μ    ∇υ  + ∇υ  T   −
2

3
 ∇. υ   Ι                                                            (3) 

 

Energy conservation equation  
∂ 

∂t
  𝜌𝐸 + ∇.  𝜐   𝜌𝐸 + 𝑝  = ∇.   𝐾𝑒𝑓𝑓  ∇𝑇 +  Τ 𝑒𝑓𝑓  . 𝜐   +  𝑆                                 4  



International Journal of Advanced Scientific and Technical Research           Issue 4 volume 2, March-April 2014 

Avalable online on   http://www.rspublication.com/ijst/index.html                                               ISSN 2249-9954 
 

R S. Publication, rspublicationhouse@gmail.com Page 408 
 

 

In equation (1), the source Sm is the mass added to the continuous phase from the dispersed 

second phase (e.g., due to vaporization of liquid droplets). In equation (2), P, ρ𝑔  and 𝐹  are 

the static pressure, the gravitational body force and external body force respectively (e.g., that 

arise from interaction with the dispersed phase). In equation (3), I is the unit tensor and the 

second term on the right hand side is the effect of volume dilation. Equation (4) is the general 

form of the energy conservation equation for turbulent flow. Keff  is the effective conductivity  

 Keff =K + Kt (Where Kt  is the turbulent thermal conductivity, defined according to the 

turbulence model being used), E total energy ,  𝑇𝑒𝑓𝑓
      effective viscous dissipation ,The viscous 

dissipation term is energy created by viscous shear force in the flow field. The first two terms 

on the right-hand side of Equation (4) represent energy transfer due to conduction and 

viscous dissipation, respectively.  Sh includes any other volumetric heat sources have defined 

The stress tensor 𝑇 𝑒𝑓𝑓  for compressible flow is presented as:  

𝑇 eff = μeff   (𝛻 υ   + ∇υ   
T 

) −
2

3
 ∇.𝜐   𝐼                                                         (5) 

 
Here the effective conductivity and the effective dynamic viscosity  𝜇𝑒𝑓𝑓  are evaluated by 

Keff =K + Kt   ,      𝜇𝑒𝑓𝑓 = 𝜇 + 𝜇𝑡                                                              (6) 

 
Where, Kt  and t are the turbulent thermal conductivity and turbulent dynamic viscosity 

respectively. They are defined according to the turbulence model used which in this model is 

the adapted k- Є turbulent model.  

The time-averaged of continuity and momentum equations are obtained from equations (1) 

and (2) in Cartesian tensor form as:   

 
𝜕𝜌

𝜕𝑡
+

𝜕

𝜕𝑥𝑖  
  𝜌  𝒰𝑖 = 0                                                                           (7) 

 
∂

∂t
 𝜌  𝒰𝑖 +

𝜕

𝜕𝑥𝑖
 𝜌  𝒰𝑖𝒰𝑗 

=  −
∂p

∂xi
+

𝜕

𝜕𝑥𝑗
  𝜇 

∂𝒰i

∂xj
+  

∂𝒰j

∂xi
−   

2

3
δ𝒾 j

∂𝒰l

∂xl
  +

∂

∂xj
 −ρ  𝒰i

/
𝒰j

/
)

         
            (8) 

 

Equations (7) and (8) are called Reynolds-averaged Navier-Stokes (RANS) equations. They 

have the same general form as the instantaneous Navier-Stokes equations, with the velocities 

and other solution variables now representing ensemble-averaged (or time-averaged) values. 

Additional terms now appear that represent the effects of turbulence. These Reynolds 

stresses, −ρ  𝒰i
/
𝒰j

/
)

         
, must be modeled in order to close Equation (8).   

 

Heat transfer theory 
 

FLUENT solves the energy equation in the following form:  

∂ 

∂t
  𝜌E + ∇.  𝜐   𝜌𝐸 + 𝑝  = ∇.   𝐾𝑒𝑓𝑓  ∇𝑇 −  𝑗 𝑗 𝑗 +  𝑇 𝑒𝑓𝑓  .𝜐  

𝑗

 +  𝑆                        (9) 
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Where, jJ


is the diffusion flux of species j . The first three terms on the right-hand side of 

Equation (9) represent energy transfer due to conduction, species diffusion, and viscous 

dissipation, respectively. In Equation (9)  

       

𝐸 =  −  
𝑝

ρ 
+

𝜐2

2
                                                                            (10) 

 

Where sensible enthalpy h is defined for ideal gases as 

 =  𝑌𝑗𝑗
𝑗

                                                                               (11) 

and for incompressible flows as  

 

 =  𝑌𝑗𝑗
𝑗

+
𝑝

ρ
                                                                           (12) 

In Equations  11 and 12 jY  is the mass fraction of species j  and  

hj =   𝑐𝑝 ,𝑗

𝑇

𝑇𝑟𝑒𝑓

 𝑑𝑇                                                                      (13) 

Where refT  is 298.15 K. 

 

 

 

Fig.2: Injection Position at the Center of Inlet Section 

 

The force balance in physical space for injected water droplets 
 

FLUENT predicts the trajectory of a discrete phase particle or droplet by integrating the force 

balance on the particle, which is written in a Lagrangian reference frame. This force balance 

equates the particle inertia with the forces acting on the particle, and can be written (for the 

axial  z-direction in Cartesian coordinates) as: 

  

http://my.fit.edu/itresources/manuals/fluent6.3/help/html/ug/node568.htm#eq-energy-E
http://my.fit.edu/itresources/manuals/fluent6.3/help/html/ug/node568.htm#eq-h
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d𝒰p

dt
=  FD 𝒰 −  𝒰p  +

𝑔𝑥 𝜌𝑝 −  𝜌 

𝜌𝑝
+  𝐹𝑥                                                   (14) 

Where Fx is an additional acceleration (force/unit particle mass) term, FD (u-up) is the drag 

force per unit particle mass and  

FD =  
18𝜇

𝜌𝑝𝑑𝑝
2

  
𝐶𝐷Re

24
                                                                   (15) 

Here dp is the particle diameter and Re is the relative Reynolds number, which is defined as  

𝑅𝑒 ≡  
𝜌𝑑𝒫 𝒰𝒫 −  𝒰 

𝜇
                                                               (16) 

While Equation (14) includes a force of gravity on the particle, it is important to note that in 

FLUENT the default gravitational acceleration is zero. If one wants to include the 

gravitational force, he must remember to define the magnitude and direction of the gravity 

vector in the operating condition panel.                                                                                                                 

Boundary conditions 

 

At the inlet section (z=0) 

min)air   = 𝑚 𝑎 

Tin)air    = 𝑇 𝑎,𝑖𝑛 

min)particle   =  𝑚𝑤𝑗     ( Conical shape-60
o
 ) 

Tin) particle   = 𝑇𝑤𝑗 

At the exit section (z=H) 

m out   =  m air +  m particles 

P = Pout = Patm 

At walls 

U= V=W =0 

The tubes has been treated as convective boundary conditions 

Tf   = 50
 o 

C 

hf = 1000   W/m
2
.K 

While the four side walls are assumed fully insulated. 

 

Heat flux and heat transfer coefficient 
 

The heat flux q per row in the direction of the air flow is calculated in the software program 

by summing-up the local heat fluxes at all the outer surfaces of the tubes of this row.  

Whereas the heat transfer coefficient by convection is calculated from: 

  q = ha ( Ta,in – Tsi,m)       (17) 

Where,  

ha: is the heat transfer coefficient of the air, 

Ta,in and Tsi,m: are the inlet air temperature and the average surface tube temperature of  row I   

respectively. 

 

 

../../../Fluent.Inc/fluent6.3.26/help/html/ug/node809.htm#eq9.2.1
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MESH ADAPTION TEST (INDEPENDENT TEST) 

 

Fig.3 shows the relation between the fluid temperature and the number of cells. It was found 

that after 354384 cells the fluid temperature is nearly unchanged with element size of 0.005 

m, number
 
of cells of 354384 and tetra hadrons uniform quad. 

 
Fig.3: Mesh Adaption Test 

 

RESULTS AND DISCUSSIONS    

 

Before presenting the output results, it is first necessary to define the input data of the three 

heat exchanger fluids used in the software program given as: 

The hot air:  𝑚 𝑎 = 0.075, 0.9375 & 0.15  kg/s, 𝑇𝑎,𝑖𝑛 =  200 
o
C .  

The cold water: Water temperature is 50 
o
C and heat transfer coefficient is 1000 W/m

2
. 

o
C. 

The injected water: 𝑚 𝑤𝑗 =0.1, 0.2 & 0.3 kg/min, and 𝑇𝑤𝑗 = 50 
o
C. 

 

ANSYS 12.1 software has also been used to construct the local temperature distribution, the 

heat flux profiles and the heat transfer coefficient of the hot air without injection and with 

point injection placed at the center of the entrance section. The output heat exchanger results 

showing the effect of injection of cold water through the hot air fluid are presented 

graphically in the next section. 

  

Horizontal air temperature distribution without water injection  
 

Fig.4 shows the horizontal air temperature profile at sections (1-9) without water injection at 

air flow rate 0.075 kg/s. It was found from this figure that the air temperature decreases as it 

precedes over the HX tubes along the axial z-axis. This is due to the internal cooling of the 

water flowing inside the HX tubes. The results obtained showed that the temperature 

variations along the x- axis at all axial sections are invisible. Therefore, a small length of the 

tubes along the x- axis is presented in Fig.4. It is also found from this figure that the air 

temperature at (Z=6.5 mm) is nearly equal to the temperature of the water flows inside the 

HX tubes at this section ( Tw= 50 
o
C). 

 

Horizontal air temperature distribution without water injection  
 

Fig.5 shows the vertical temperature variation of the hot air against y, in the range of y 

between 0.064 m and 0.144 m and at x=0.18 m at the sections (1-9), without water injection 

at air flow rate 0.075 kg/s. It was found from this figure that the air temperature decreases as 
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the air proceeds over the HX tubes as a result of the internal cooling of the cold water flowing 

inside the HX tubes. It was also found from this figure that the air temperature at (Z=6.5 mm) 

is nearly equal to the temperature of the water flowing inside the HX tubes at this section. 

Finally, the fluctuation in the vertical temperature profile is due to the presence of the HX 

tubes in the selected vertical plane.  

 
Fig.4: Horizontal temperature profile at sections (1-9) without water injection for  

(0.075 kg/s) air flow rate 

 
Fig.5: Vertical temperature profile at sections (1-9) without water injection for  

(0.075 kg/s) air flow rate 

 

Air axial mean temperature without injection 
 

The axial air mean temperature is decreasing with a slight decreasing rate as the air flows 

over the rows of tubes as shown in Figure (6) that is prepared for an air flow rate of 0.075 

kg/s. As is shown in the figure the air mean temperature drop is about 40 
o
C whereas the 

variation in water temperature is assumed negligible in the software program. Thus, it can be 

shown that the average temperature difference between the air and water is decreasing as the 

air proceeds over the tube rows and it follows that the rate of heat transfer flux will decrease 

as the air flows over the tube rows as shown in Figure (7).   
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Effect of air mass flow rate on exchanger cooling capacity  
 

Figure (7) indicates that the heat flux of the HX is decreasing as the hot air flows over the 

tube rows in the z-direction for all the selected air flow rates of 0.075, 0.09375, 0.150 kg/s. 

The reason for the decrease of the heat flux with the number of deep rows is due to the 

decrease in the temperature difference between the external and the internal heat transfer 

fluids. As is expected, the heat flux of the exchanger is increasing with the increase of the air 

flow rate. The rate of increase in q with the air flow or velocity is relatively high since the 

flow is turbulent. 

 
Fig.6: Drop in the average air temperature along the HX space without water injection for 

(0.075 kg/s) air flow rate  

 

 
Fig.7: Heat flux profiles at sections (1-10) without water injection for  

(0.075, 0.09375, 0.15 kg/s) air flow rates 

 

 

Heat transfer coefficient of air without injection 

 
Figure (8) illustrates that the local heat transfer coefficient of the air is slightly decreasing 

with the increase of the number of rows in the direction of the air flow. Clearly, the heat 

transfer coefficient is increasing with the air flow rate or velocity with a higher rate since the 

air flow is turbulent.  
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Fig .8: profiles of heat transfer coefficients at sections (1-10) without water injection for  

(0.075,0.09375,0.15  kg/s) air flow rates 

 

Horizontal and vertical temperature distribution around the point injection     
 

In the following graphs, FLUENT two phase model named ANSYS-CFX 12.1 software has 

been used to construct the temperature profile of the air /water mixture. In the case of the 

water cooled plain tube HX with single point water injection. Cold water flows inside the 

tubes where as hot air flows externally around the tubes and water mist is borne in the air 

stream. Water injection is provided at a single point placed at the entrance center of HX  

(0.18 m, 0.104 m, 0 m) at different injection flow rates of 0.1,0.2  and 0.2 kg/min.  For each 

injection flow rate, the temperature profile of the air /water mixture is determined 4 cm 

before and 4 cm after the injection position horizontally and vertically with 0.8 mm apart in  

seven sections selected normal to the air flow, including the inlet and the exit sections.  

Figure (9) shows the air temperature distribution along a horizontal x-z plane, of dimensions 

0.14 m  x  0.22 m and 0  z  0.26 m at y=0.104 m, for an injection water flow rate of 0.1 

kg/s. The hot air enters the HX with a flow rate of 0.075 kg/s at uniform temperature of 200 
o
C. It is observed in the figure that largest skew in the mixture temperature occurs just in 

front of the injection point at the  inlet section with considerable drop in air temperature in 

narrow region around the jet bounded by 0.175 m  x  0.185 m and for an axial distance not 

exceeding two rows, i.e 0.0  z  0.052 m.  As the flow proceeds over the rest of the tube 

rows, this skew becomes smaller and invisible. This happens because at the injection 

position, part of the water injected will be mixed with the limited amount of air flowing in 

this small region, leads to a reduction in the air/water mixture temperature by sensible 

cooling and evaporation modes. Cooling process is due the external cooling arises from the 

temperature difference between the hot air and the injected cold water and also due to the 

internal cooling done by the cold water flowing inside tubes. Evaporation process is arising 

from the evaporation of a small fraction of the water injected in the air.  

As is seen in the figure, the temperature profiles of the air over the entire sections, outside the 

injection region, attain the same trend of nearly uniform shape as those profiles presented in 

Figure (4). It can be concluded that the effect of water injection at any point inside the heat 

exchanger will be localized in a narrow region, and will lead to a drop in temperature of this 

region to a value that depends on the hot air temperature relative to that of the injected water. 
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Fig.9: Horizontal temperature profile at sections (1-7) at injection flow rate (0.1 kg/min) 

 

 Figure (10) shows the vertical temperature profile of the air/water mixture at sections (1-7) 

with injection flow rate of 0.1 kg/min at the same selected location in the HX. These sections 

are located at: at X=180 mm, 0.064 mm ≤Y≤ 0.144 mm, and Z=0, 26, 52,104, 156, 208, 260 

mm. It is observed that the largest mixture temperature drop occurs in a localized region of 

side length of few millimeters in front of the jet position, due to the external cooling effect on 

the air flowing in this mixing region. As the air flows through the selected next sections of 

HX, the drop in mixture temperature in the mixing zone becomes smaller and diminishes just 

before reaching the second section ( z=26 mm).  

 

 
Fig .10: Vertical temperature profile at sections (1-7) at injection flow rate (0.1 kg/min)  

 

The effect of the injected water rate on the air/water mixture temperature in the mixing zone 

just in front of the inlet section is presented in Figure (11) for injected  water rate of  0.1, 0.2 

and 0.3 kg/s at 50 
o
C and an air flow rate of 0.075 kg/s. As is seen in the figure, both of the 

mixing zone crossection and temperature drop are inceasing with the increase of the injection 

mass rate. 
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Fig .11 : Horizontal temperature profiles at section 1, (z=0) 

  at injection flow rates (0.1,0.2 and 0.3 kg/min) 

 

Mass fraction of vaporized water in the air 
 

The mass fracion is defined as the mass of the injected water that vaporized in the air relative 

to the mass flow rate of the hot air. Figure (12) shows the mass fraction profiles  at nine 

verical sections along the z-axis for the selected largest injection rate of 0.3 kg/min and a hot 

air flow rate of 0.075 kg/s. Clearly, the amount of water evaporated in the air within the 

narrow localized zone of diameter of about 10 mm, at the most, is very small compared to the 

total amount of the injected water rate, giving an indication that the cooling effect due to 

evaporation is insignificant compared to the cooling effect arises by  mixing of air and water 

liquid at differing temperatures.  

Figure (12) shows that the mass fraction, at  section apart by z=3.25 mm from the inlet  of the 

HX, is increased twice as the injection flow rate increases from 0.1 to 0.3 kg/min. The figure 

confirms that the estimated values of the mass fractions for both injection rates are far less 

than 0.1 g/s. The heat needed to evaporate this evaporatedmass is significanly small 

compared to that heat by internal cooling or even by that arised by external mixing. 

Therefore, the water injected from a single jet of very small diameter will cause only a 

cooling when its temperature is much lower than that of the hot air . Then, the water will 

destruct the tubes made of steel alloys  when the hot fluid is hydrocarbon gases  having sulfer 

oxcide SO2. 

 

 
Fig .12 :Mass fraction profile at section1,(z=3.25 mm ) at (0.1 , 0.3  kg /min) 
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Axial air mean temperature with point injection 
 

Comparing the axial air mean temperature profil of this type of heat exchanger that operated 

under point injection with the equivelant  temperature  profile  without injection, they are 

found nearly typical and the difference in their temperatures at any z-section is insignificant. 

This certainly gives a superiority for the internal cooling caused by the cold water  flowing 

inside the tubes over the external cooling arised from the point water injection at the 

enterance of HX, figure (13). 

 

 
Fig .13 :Mean air temperature with and without injection 

 

Heat transfer flux and coefficient with point injection 
 

The local heat flux in the axial z-direction is plotted in Figure (14) for an air flow rate of 

0.0935 kg/s and an injected water rate of 0.2 kg/min emanating from the same mentioned 

location. The local heat flux is gradually decreasing with a small rate as the air moves axially 

over the rows of the HX. Comparing the local heat flux for this case of water cooled HX 

operated with point water injection to that running without injection, ( see Fig. 7), one can 

reach to conclusion that both HX duty curves attain the same trend, but the performance of 

the HX with injection is considerably lower. 

 

 

 
Fig.14: Heat flux profile at sections (1-10) with injection flow rate (0.2kg/min) 

 



International Journal of Advanced Scientific and Technical Research           Issue 4 volume 2, March-April 2014 

Avalable online on   http://www.rspublication.com/ijst/index.html                                               ISSN 2249-9954 
 

R S. Publication, rspublicationhouse@gmail.com Page 418 
 

Finally, the local heat transfer coefficient over the deep rows of the HX is plotted in Figure 

(15) for a hot air mass flow rate of 0.09375 kg/s and an injection water of 0.2 kg/min at the 

known injection point. From the figure it is obvious that injecting water on the HX tubes will 

result in a noticeable reduction in the coefficient of heat transfer by convection compared to 

that with no injection illustrated in Figure (8). 

                   

 
Fig .15: Profile of heat transfer coefficient at sections (1-10) with injection flow rate 

 (0.2 kg/min) 

 

 

CONCLUSION 

 

The effects of injecting small amount of water, from a very small diameter jet placed at the center 

of the entrance of plain tube water- cooled heat exchanger, on the temperature distribution, heat 

flux, coefficient of heat transfer and mass fraction are investigated. A three dimensional turbulent 

model including the equations of continuity, momentum and energy together with the particle 

model for the water jet are solved numerically using the ANSYS-CFX 12.1 software for the  

simulation of  the flow and heat transfer of air inside the heat exchanger. The computational 

results showed that: 

 Injecting cold water, through the hot air flow, from a single jet placed in front of the 

first row of HX, at the entrance center, will result in a considerable reduction in: the 

heat duty, the heat transfer coefficient and the temperature of the air-water mixture in a 

narrow region around the jet.  

 The effects of the flow rate and temperature of the hot air , cooling water and the 

injected water on the previous factors for this specific HX construction of cross-flow 

plain tube type , gives an indication for the superiority of the cooling effect caused by 

cooling water flowing inside tubes over the cooling effect caused by point water 

injection. 

 

 Increasing the flow rate of the hot air, show an increase in the heat duty and the of heat 

transfer coefficient of air to rate that is matched with the data obtained from  the 

conventional correlations for this type of heat exchanger. 

 

 Water injecting on the HX tubes has local effects, which means that the mass fraction 

and the reductions in the air-water mixture temperature, the coefficient of heat transfer 

of air and the heat flux are concentrated around the injection position in a narrow 

region. This effect is extended only in the first few sections following the injection 
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position and as the flow proceeds towards the exit of the HX the reduction in these 

factors diminishes.  

 In spite of the increase of the mass fraction with the increase of the mass rate of 

injected water but the rate of evaporation was found localized and very small such that 

the heat taken from the air for the evaporation process is found very small when 

compared with that gained by cooling water flowing inside tubes.  
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