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Abstract - In this paper, numerical simulation was performed to analyze the effect of nozzle to plate distance on heat 
transfer performance of an incompressible hot jet by a chevron nozzle on a flat surface. Influence is studied at the nozzle to 
plate distance (z/d) 1, 2, 4, 6, 8 and 10 for Reynolds number of 28,000. Numerical analysis has been done by solving 
conservation equations of momentum, mass and energy with two equations based RNG k- ε turbulence model and Energy 
model to determine the local distribution of Nusselt number on the plate. A change in Nusselt number distribution is 
observed, for lower nozzle to plate distance (z\d ≥ 4) secondary peak in the Nusselt number is present. From nozzle to plate 
distance (z/d ≤ 6), the Nusselt number decreases gradually from the stagnation point in the radial direction. 
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I. NOMENCLATURE 
 
a - Height of Chevron 
b - Penetration depth 
d  - Diameter of nozzle 
Nu - Nusselt number 
Re - Reynolds number 
z - Nozzle to plate distance 
 
II. INTRODUCTION 
 
Jet impingement method is used for enhancing heat 
transfer. These methods are used in steel 
manufacturing industries, in cooling of Gas Turbine 
blades, to cool down the material during grinding, in 
cooling of combustion chamber wall and paper and 
textile mills. Many researches are done to increase 
the heat transfer by changing various arrangements 
like non-circular nozzles (square, triangular, circular 
and elliptical), fixing the tabs at the nozzle exit 
(Chevron nozzle) and nozzle profiles (contoured 
nozzle, pipe nozzle and orifice). A chevron is 
basically a triangular tab which may be inclined at an 
angle towards central axis of pipe fixed at periphery 
of pipe exit. These tabs generate turbulence and they 
increases heat transfer. Chevron nozzle is the least 
explored, although it appears to have more potential 
in increasing the heat transfer. 
 
Many studies are carried out to study the method to 
increase the heat transfer. Jambunathan et al. [1] and 
Viskanta [2] provided comprehensive review on jet 
impingement heat transfer. They studied the 
impingement of jet for Reynolds number ranging 
from 5000-1,24,000 by changing the jet diameter, 
profile of flow device and nozzle to plate distance. 
Lytle and Webb (1994)[3] studied the distribution of 
Nusselt number on flat plate due to impingement of 
jet for low jet exit to plate spacing and Reynolds 

number from 3600 to 27600 and observed that there 
rise in the Nusselt number due to the transition from 
laminar to turbulent flow at plate. They further 
decrease the nozzle plate spacing which increases the 
velocity of the flow in the gap which is responsible 
for shifting the zone of the transition from laminar to 
turbulent flow towards the stagnation point. 
 
Vinze et al. [4] conducted experiment and determine 
the effect of impinging jet temperature on heat 
transfer distribution on smooth plate. In his 
experiment, it was observed that heat transfer does 
not depend much on the temperature of jet. However, 
jet having ambient temperature does maximum heat 
transfer than compared to heated air jet. Another 
experiment is conducted by Vinze et al. [5] to study 
influence of shape of nozzle on heat transfer 
distribution. It was observed that the shape of nozzle 
has great influence on the heat transfer distribution. 
Circular jet experiences the highest rate of heat 
transfer compared that to square jet and then to 
triangular nozzle. It was also observed that the 
compressibility affects Nusselt number distribution 
only in the stagnation region and has negligible 
influence in transition and wall jet region. 
 
Nabadavis et al. [6] did the numerical investigation 
emphasizes on studying the heat transfer 
characteristics when a high velocity air jet impinges 
upon a flat plate having constant heat flux. He 
observed that the heat transfer rate increases with the 
increase of Reynolds number of the jet and also there 
is an optimum value for jet distance to nozzle 
diameter for maximum heat transfer when all the 
other parameters were kept fixed. 
 
Vinze et al. [7] carried an experimental study to 
investigate the influence of the chevrons on local heat 
transfer distribution for impinging incompressible jets 
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at Reynolds number of 28,000, 35,000 and 40,000. 
He observed that Nusselt number increases with the 
increase in the number of chevrons and also with the 
increase in the tip angle for a given number of 
chevrons. 
 
Yan et al. [8] numerically studied the heat transfer 
characteristics of a circular air jet impinging on a flat 
plate. He numerically studied seven turbulent models 
for predicting this type of flow and heat transfer is 
investigated and observed that the (RNG) k-epsilon 
model, (SST) k-omega model and the large Eddy 
simulation (LES) produces better results than others 
turbulent model. 
 
III. GEOMETRY AND MODELLING 
 
A. Geometry Description 
For this simulation geometry is created using ANSYS 
SPACECLAIM design modeller. Figure 2 shows the 
physical domain of the modelling for z/d = 8. Air 
flow at high velocity passes through chevron nozzle 
of diameter 10.8 mm having 4 numbers of triangular 
tabs. The length of each chevron is a = .43d i.e. 4.644 
mm as shown in Figure 1. Jet is impinged on a thin 
foil of stainless steel having size 150mm x 130mm 
and thickness of .08mm. This plate is not created in 
ANSYS SPACE CLAIM program because of its 
thickness .08mm, which is very less, it is difficult to 
perform meshing operation on the plate. Shell 
conduction technique is used in ANSYS FLUENT to 
specify thickness of the plate rather than creating it in 
ANSYS SPACECLAIM. Table 1 shows the distance 
between the plate and the nozzle for different z/d 
ratio. An enclosure is created between the plate and 
nozzle. 
 
Nozzle to plate distance           Nozzle to plate 
distance                                            ratio(z/d)  (mm) 
1            10.8   
2            21.6 
4           43.2 
6           64.8 
8           86.4 
10           108 

Table 1 
Nozzle to plate distances of geometry 

 

 
Figure 1:  Geometry of chevron Nozzle 

 
Figure 2: Physical domain 

 
B. Meshing 
Unstructured mesh is created using ANSYS ICEM 
CFD software. Grid generation is one of the 
important stages of the simulation. Fine meshing is 
done on the nozzle as compared to the enclosure. 
Mesh independent study is done and optimum value 
of number of nodes and element for the simulation is 
found out as shown in Table 2. 

 
Nozzle to plate distance                        Number of                                                                     
Number of   ratio (z/d)  nodes elements 
 
1  118775             696683 
2  172462            1016734 
4  306532            1817381 
6  425960            2530348 
8  573211           3410251 
10   690370              4110553 
 

Table 2 
Number of nodes at different nozzle to plate ratio 

 
C. Turbulent Model 
The RNG k-epsilon model was derived using a 
statistical technique called renormalization group 
theory. It is similar in form to the standard k-epsilon 
model which is the most common model used in CFD 
to simulate mean flow characteristics for turbulent 
flow conditions. It is a two equation model which 
gives a general description of turbulence by means of 
two transport equations. The first transported variable 
determines the energy in the turbulence and the 
second transported determines the rate of dissipation 
of the turbulent kinetic energy. 

 
Figure 3: Local distribution of Nusselt number for nozzle to 

plate distance z/d = 1 
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Figure 4: Local distribution of Nusselt number for nozzle to 

plate distance z/d = 2 

Figure 5: Local distribution of Nusselt number for nozzle to 
plate distance z/d = 4 

 
For turbulent kinetic energy k 

(ρk) +  (ρku ) =  α μ +  G + G −

 ρε − Y + S  
 
For dissipation ε 
 

(ρε) + (ρεu ) =  α μ +

C (G + C G )− C ρ −  R + S  

 
Figure 6: Local distribution of Nusselt number for nozzle to 

plate distance z/d = 6 

Figure 7: Local distribution of Nusselt number for nozzle to 
plate distance z/d = 8 

Figure 8: Local distribution of Nusselt number for nozzle to 
plate distance z/d = 10 

 
 
In these equations, G  represents the generation of 
turbulence kinetic energy due to the mean velocity 
gradients. G  is the generation of turbulence kinetic 
energy due to buoyancy. Y  represents the 
contribution of the fluctuating dilatation in 
compressible turbulence to the overall dissipation 
rate. The quantities α and α are the inverse effective 
Prandtl numbers for k and ε, respectively. S  and S  
are user-defined source terms. 
 
D. Energy Model 
ANSYS Fluent solves the energy equation in the 
following form: 
 

[ ] + ∇ . v⃗[ρE + p] =  ∇ . K ∇T −
 ∑ h J  ⃗ + τ  .  V⃗ + S  
 
where Keff is the effective conductivity (k+kt, where 
kt is the turbulent thermal conductivity, defined 
according to the turbulence model being used), and Jj 
is the diffusion flux of species j. The first three terms 
on the right-hand side of represent energy transfer 
due to conduction, species diffusion, and viscous 
dissipation, respectively. Sh includes the heat of 

(1) 

(2) 

(3) 
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chemical reaction, and any other volumetric heat 
sources defined. 
 
E. Boundary conditions 
The mass flow rate of inlet of pipe for Reynolds 
number 28,000 is .00454 Kg/sec having turbulence 
intensity of 5% and hydraulic diameter of .0108 m. 
The direction of flow of air is at negative-y direction. 
The temperature at inlet of the nozzle is set to 350 K. 
The wall of the nozzle is thermally insulated, so heat 
flux through the nozzle wall is set to 0. All the sides 
of enclosure except the plate side of the enclosure are 
set to pressure - outlet. Thickness is given to plate 
side of enclosure using shell conduction technique of 
.08 mm and temperature of 300 K. 
 
RESULTS AND DISCUSSION 
 
The Nusselt number distribution for different z/d ratio 
is shown in Figure 3, Figure 4, Figure 5, Figure 
6,Figure 7 and Figure 8. The Nusselt number 
distribution shows that for lower nozzle to plate 
distances (z/d ≤ 4), a secondary peak in the Nusselt 
number is present. The presence of secondary peak 
may be because of the fluid acceleration taking place 
due to sudden change in flow direction which results 
in increase in rate of heat transfer. Among all cases, 
highest Nusselt number is measured at the stagnation 
point and z/d = 6. For nozzle to plate distance z/d ≥ 6, 
the Nusselt number decreases gradually from the 
stagnation point in the radial direction forming 
inverted bell shape.The Mach number is in the range 
of 0.014-0.2, hence the jets are incompressible. 
 
 
 
 
 
 

CONCLUSION  
 
A numerical study is carried out to investigate the 
influence of nozzle to plate distance on local heat 
transfer distribution for impinging incompressible 
chevron jet on smooth flat plate at Reynolds number 
of 28,000. From the study it is concluded that the 
maximum heat transfer at a nozzle to plate distance of 
six nozzle diameter at 28,000 Reynolds number. A 
secondary peak in the Nusselt number distribution is 
observed for lower nozzle to plate distances (z/d≤4). 
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