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Abstract- This work presents a numerical and experimental study of convection heat transfer in the unconfined air gap of a 
discoidal technology rotor-stator system. In particular, the rotor is cooled here by an eccentric air jet impingement. The cavity is 
characterized by a dimensionless spacing G = 0.02 and a low aspect ratio for the jet H/D= 0.25. the rotational Reynolds numbers 
from 𝑅𝑒# = 2.38×10,  to 	5.44×10, and the jet Reynolds number between 16.5×101 and 49.5×101 are used. The 
experimental technique is based on using infrared thermography to access the rotor surface temperature measurement, and on 
the numerical resolution of the energy equation at steady state to evaluate the local convective coefficient. The numerical study 
is based on the turbulence model RSM (Reynolds Stress Model). The results of this study are described in terms of radial 
distributions of the mean velocity components, Reynolds stress tensor components and corresponding local and mean Nusselt 
numbers. Three flow regions have been identified: a region dominated by the air jet, a mixed zone at low radii and a zone 
dominated by outward rotation. A good agreement between the two approaches has been obtained, which confirms our choice 
of numerical turbulence model. 

Keywords Alternator, Rotor-stator system, Impingement jet, Convective heat transfer, RSM turbulence model, Infrared 
thermography. 

 

1. Introduction 

Nowadays, the concept of sustainable development 
requires an increase in the production of so-called "clean" 
energy. Indeed, in order to better preserve the planet's natural 
resources [1, 2,3], the processes used to transform energy must 
be optimized or be a different nature [4]. For this reason, wind 
turbines [5,6] have developed in recent years, since they 
convert mechanical energy linked to the wind into electrical 
energy [7], without producing greenhouse gases such as CO2. 
The optimization study of these wind turbines and the 
generators embarked on them has highlighted the so-called 
"discoidal" technology. Indeed, this technology, which puts a 
rotating disk (rotor) against a fixed disk (stator), allows 
obtaining a high power even at low rotational velocities. 
However, the major disadvantage is that the air flow induced 

by the generator's rotation is not always adequate for optimum 
cooling of the installation. 

Heat transfer on a rotating disk in rest air was studied by 
Goldstein [8] , Cobb and Saunders [9] and later by Dorfman 
[10]. Dorfman [10] proposed many correlations for local and 
mean Nusselt numbers, considering the radial temperature 
profile on the disk surface. 

The heat transfers on a single rotating disk with an air jet 
have been done by Angioletti [11]. This author has shown that 
heat transfers are significant near the impinging jet on the disk. 
Indeed, the jet renews the air more quickly and disrupts the 
boundary layer that is created by the rotation of the disk, 
because vortices appear at the jet's outlet. The influence of the 
jet diameter (D), the jet Reynolds number ( jRe  ) and the 
distance between the jet outlet and the impacted surface H/D 
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were highlighted by Chen [12] and Owen [13]. Popiel [14] 
distinguished three areas on the disk surface with an axial jet: 
an area near the impinging point where the jet's influence is  
preponderant on heat transfers, an area outside the disk where 
rotation is preponderant and a mixed area, located between the 
two previous one. 

In the case of rotor-stator systems, several types of 
configurations exist, including partially or completely closed, 
which are widely documented, and open configurations are 
not quite well documented. When a fixed disk is placed 
opposite a rotating disk, the axial suction is replaced by a 
centripetal flow on the stator. A Batchelor [15] type flow can 
be observed with a rotating fluid core, in which radial 
velocities are zero. It is also possible to have a Stewartson [16] 
type flow without a rotating fluid core. It is also necessary to 
distinguish laminar from turbulent regimes. The separations 
between different regimes are synthesized by Daily and Nece 
[17] according to a rotational Reynolds number Reω  and 
spacing between both disks G. A similar classification for air 
gaps with an air jet is proposed by Owen [13]. 

Pellé [18] experimentally studied heat transfer in the case 
of an unconfined rotor-stator system with an axisymmetric air 
jet for different dimensionless spacings ( 0.01 G 0.16£ £ ). 
He showed that the rotating disk surface was divided into three 
zones where the influence of jet or rotation on heat transfer is 
preponderant and a mixed zone. The three zones do not 
necessarily appear simultaneously on the disk surface. They 
depend in particular on the flow rate injected and the rotational 
velocity. This author showed that for higher inter-disk spacing 
(G = 0.16), heat transfer tends towards a single disk and 
proposed a correlation giving the mean Nusselt number 

0.25 0.5
jNu 0.06 Re Rew= ¥ ¥  for 5Re 1.29 10ω ≥ × and jRe  

between 38.3 10¥  and 341.6 10¥ .   

The flow structure in a rotor-stator configuration with an 
axial impinging jet was experimentally studied by Nguyen 
[19] for a dimensionless spacing of G = 0.02. 
This author showed that, for small radii and near the 
impinging point, the rotation effects on the flow structure are 
negligible compared to those of the jet. On the other hand, for 
large radii, the flow structure is dominated by rotating effects 
and the flow becomes centrifugal on the rotor surface.  

Poncet [20] numerically studied the influence of the 
rotation coupling and the air flow on the convective transfer 
on a rotating disk placed facing a fixed disk. The turbulence 
models tested are k -ω SST and RSM. The author noted that 
the model k -ω SST tends to overestimate the flow 
characteristics in the impingement region.  However, the 
results obtained with the RSM model are in good agreement 
with experimental results [19]. The author also observes the 
presence of two peaks in heat transfer. Lytle and Webb [21] 
have shown that this first peak is jr / 2R 0.5=   in while the 

second is given by the following relationship [21]: 

  3
456

= 0.188×	Re9:.4;<×(
>
456
):.44;                                  (1) 

The most common configurations encountered are those 
of low inter-disk space, which leads to poor cooling. The 

addition of an air jet impingement of velocity jU  and diameter 
D is an interesting solution to overcome this problem.	
Nevertheless, we have not reported in the literature a study on 
a configuration similar  the one we have in which an eccentric 
jet impingement, rotation and opening of the air gap to the 
outside are present. The only studies on convective transfer 
between coaxial disks that are close to our configuration have 
been carried out in the case of rotor-stator systems with axial 
jet. This study then proposes to present the global flow 
structure and compare it with the convective heat transfers on 
the rotor. 

2. Experimental Study  

2.1 Experimental set-up  

Figure 1 shows the main elements of the experimental 
bench used. The rotor has a radius R = 0.31m and its rotation 
velocity can be varied between 450 and 850 rpm using a 
frequency regulator. The rotor is composed of a highly 
conductive aluminum disk ( 200W /mK)l = , on which 
e=2.5 mm of zircon, thermal conductivity insulating material 

zir( 0.7W /mK)l = , has been deposed by plasma projection.  
It is then heated from its back surface using infrared emitters 
with a total power of 12 kW and cooled on the surface turned 
towards the jet. The stator is placed facing the rotor at a 
distance H=6.5mm for a dimensionless spacing G=0.02. The 
stator used is made of aluminum and has the same diameter as 
the rotor. It is pierced by an eccentric opening of diameter
D 26mm=  to ensure the passage of a long, cylindrical pipe 
connected to a centrifugal blower, which is used to impose an 
eccentric air jet. The mean jet velocity jU  is between 10 and 

30 m/s, corresponding respectively to the jet Reynolds 
numbers 3

jRe 16.5 10= × 	to 349.5 10¥ . 

    

Fig. 1.Experimental set-up 

2.2. Local Nusselt numbers calculation 

To access the local convective exchange coefficient h and 
the local Nusselt number Nu, it is necessary to determine the 
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parietal flux on the rotor surface. Solving the Laplace equation 
within the insulation allows access to it. 

   
2 2

2 2

T 1 T T 0
r rr z

∂ ∂ ∂
+ × + =

∂∂ ∂
                                         (2) 

A zircon mesh is performed as well as a resolution by the 
difference-finite method. The bondary conditions are, on the 
one hand, the temperature mesured via  infrared thermography 
on the zircon insulating surface subjected to the air flow
T(r,z 0)= , and on the other hand, the 
interface  aluminum/zircon temperature T(r,z e)=  
given via the thermocouples. 

The conductive heat flux density cdj in the insulation at 
z=0 is calculated by [14,18] : 

𝜑AB = 𝜑AC + 𝜑EFG = 𝜆IJE×	
𝜕𝑇 E,I

𝜕𝑧 IO:
  (3) 

 

 

The radiative heat flux rayϕ exchanged between two parallel 

disks is calculated by [14,18]: 

( )( )
( )4 4r s

ray stator2
r s

F
T(r, z 0) T

1 F 1 1
ε ε

ϕ = σ = −
− − ε − ε

 (4) 

With F is a view factor as a function of dimensionless 
spacing G, it is calculated by Ritoux [23]: 

2 4
2G GF 1 G

2 4
= + − +  (5) 

The heat transfer exchanged by convection 𝜑AC	can be 
written as follows [14,18] : 

𝜑AC = ℎ× 𝑇 E,I − 𝑇R  (6) 

So, these equations provide access to the local convective 
exchange coefficient (h) and the local Nusselt number                  

(
air

h rNu ¥=
l

) [14,18] :  

( )( ) ( )4 4s
zir stator2

z

r

0 r s

FT(r) T(r, z 0) T
z 1 F 1 1

h
T(r,z 0) T

=

∞

ε ε∂⎛ ⎞λ −σ = −⎜ ⎟∂ − −ε −ε⎝ ⎠
=

= −
      (7)                                                                                        

( )( ) ( )

air

4 4s
zir stator2

z 0 r s

rFT(r) T(r, z 0) T
z 1 F 1 1 rNu

T(r, z 0) T
=

∞

ε ε∂⎛ ⎞λ −σ = −⎜ ⎟∂ − − ε − ε⎝ ⎠
= ×

= − λ

                                                                                           (8) 

The mean Nusselt number defined by 
air

h rNu ¥=
l

is given 

as follows [14,18,20]: 

 

𝑁𝑢 =
2
𝑅
×

𝑁𝑢×(𝑇 E,IO: − 𝑇R)	𝑑𝑟
E
:

𝑇 E,IO: − 𝑇R
																																	(9) 

2.3.   Measurement techniques 

2.3.1. Rotor surface temperature measurement 

The rotor surface temperatures are obtained from the 
thermal levels measured by an SC 7000 infrared camera. To 
favor the thermal emission of the rotor over parasitic flows, 
the rotating disk is covered with black paint, considered grey 
and diffusing in emission and reflections. The emissivity of 
this surface is estimated by calibration at r 0.937 0.01e = ± . 
In a measurement situation, the camera gives the thermal level 
rI  which can be expressed as follows [22]: 

 ( ) ( )2
r f r f er nvI J (1 ) I T 1 IÚ∞× ×= τ τ× + −τ × + τ×τ − ×        (10) 

The rotor radiosity rJ  is interpreted as what is 
emitted by the rotor added to all reflections from other system 
surfaces. Thus, the camera receives the radiosity of the rotor 
attenuated by fluorspar and the atmosphere, to which are 
added an atmospheric term I(T )∞ and an environmental term 
Ienv . The term I(T )∞  is measured directly via infrared 
thermography using a crumpled aluminum film placed near 
the disk. The term is obtained using the calibration law 
because the atmospheric temperature is easily obtained using 
a thermocouple. To solve a radiosity system, we consider the 
air gap as a closed system. The limits are the rotor, stator, 
fluorine window, and air crown. All limits are considered grey 
surfaces whose rotor and stator temperatures are measured 
using the thermocouple and considered isothermal. The 
evaluation of the disk surface temperature depends on the 
calibration law, the emissivity of the black paint covering the 
rotor, the air temperature, and its transmission coefficient. It 
also depends on additional parameters such as the emissivity 
of the grey paint sε covering the stator and the transmission 

coefficient fτ of the fluorine window, which is provided by the 

supplier as being f 0.95 0.01=τ ± . The temperature 
uncertainty estimates T gives ∆T=0.9K for our temperature 
range 323 < 𝑇 < 371	𝐾. 

2.3.2.Temperature measurement at the aluminum/zircon 
interface 

They are measured using two T-type thermocouples that 
are placed at two different radii (r=150 mm, r=300 mm) at the 
interface between aluminum and zircon. The wires pass 
through the rotation shaft to a rotating four-channel mercury 
annular collector and are connected to the central acquisition 
system. The absolute temperature measurement error at the 
interface between aluminum and zircon is estimated at      
∆T = ±	0.3K. 
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2.3.3. Atmospheric temperature measurement  

The reference air temperature 𝑇R is measured using a T-
type thermocouple placed at a distance of 1000 mm from the 
disk surface. The absolute error is estimated at ∆𝑇R = ±	0.3𝐾. 

2.3.4.Stator temperature measurement 

Two type T thermocouples are positioned on the stator 
surface that is contacting with the air gap: one at r=0.05m and 
the other at r=0.3m.  They are directly linked to the acquisition 
system. These thermocouples are used to calculate the 
radiative heat flux exchanged by two disks and the radiosity 
of the rotor. The absolute error on the stator temperature is 
estimated at ±0,3 K.    

3. Numerical Simulation  

3.1. Geometric model 

The rotor-stator cavity corresponds to the experimental 
set-up considered is shown in Figure 2, by modeling two disks 
having the same radius (R=0.31m), one rotating (the rotor) and 
the other is stationary (the stator). The geometric 
configuration is open. The geometric characteristics of the 
rotor and stator are the same as those described in section 2.1. 
The air flows through the inlet cylindrical tube of the radius 

13=jR mm  and length 'H 0.75m= before impinging on the 
rotating disk. The spacing between two disks is set to 
H 6.5mm= such that G H / R 0.02= = . Hydrodynamic flow 
and forced convection heat transfer are mainly influenced by 
the jet Reynolds number jRe  and rotational Reynold number 
𝑅𝑒# defined respectively as:  

2
airRe R /ω = ω ϑ   j j airRe U D /= ϑ  

Where airϑ  is the kinematic viscosity of air. 

 

Fig 2. Rotor-stator system configuration. 

The small spacing between two disks of the system 
imposes a very fine mesh in the air gap. In fact, to perfectly 

represent phenomena occurring in the boundary layers, an 
adequate refinement is imposed near the walls so that the first 
parietal mesh respects the condition Y 1+ = . This implies a 
different mesh size when the jet and rotational 
velocities change. A boundary layer of 10 meshes is modelled 
at the edges of each disk. The numerical procedure is based on 
the finite-volume method used with staggered grids for the 
mean velocity components. In order to describe the local 
thermal characteristics, a square and polyhedral regular mesh 
is generated in the study field. The independence of the 
solution vis-à-vis the mesh size is studied and leads to the use 
of mesh size having a cell number equal to 3×10^ cells. The 
effect of mesh refinement on the computations is presented by 
the evolution of the mean Nusselt number as a function of the 
cell number for 𝑅𝑒9 = 33×101 and 𝑅𝑒# = 2.38×10,  (tab.1). 
The mean Nusselt values increase by increasing the cell 
number. From a cell number of 3×10^, the mean Nusselt 
values remain constant. This configuration is considered as the 
optimal mesh where the results are not dependent on the mesh. 

Table 1. Study of mesh sensitivity 

Cell  
number 

62 10×

 

62.5 10×

 
63 10×  

63.5 10×

 
64 10×  

Mean  
Nusselt 
number 

350 375 416 416 416 

 

3.2. Turbulence model  

The ANSYS Fluent [25] computation code proposes 
different closure models to describe turbulent aspect in the 
flow. We chose RSM turbulence model (Reynolds Stress 
Model), presented here, which provides a detailed description 
of the turbulent field throughout the domain, including near 
the walls, and has the advantage of not adding a turbulence 
viscosity hypothesis. The Reynolds stress transport equations 
are written [26]: 

 

( ) ( )

( )

k i j i j k kj i ik j
k k

1 2

j i
i j i k j k

k k k k

3 4

ji i k

j i k k

65

U u u u u u p u u
x x

U U
u u u u u u

x x x x

uu u u
p 2

x x x x

∂ ∂ ⎡ ⎤ρ = − ρ + δ + δ⎢ ⎥⎣ ⎦∂ ∂

∂⎡ ⎤⎡ ⎤ ∂∂ ∂
+ µ − +⎢ ⎥⎢ ⎥∂ ∂ ∂ ∂⎣ ⎦ ⎣ ⎦

⎛ ⎞∂∂ ∂ ∂
+ + − µ⎜ ⎟⎜ ⎟∂ ∂ ∂ ∂⎝ ⎠

 
(11) 

Where 1 , 2, 3,4,5 and 6 simultaneously denote the following 
terms: Turbulent diffusion ( T,ijD ), molecular diffusion ( L,ijD
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), production ( ijP ), pressure-strain correlation term ( ijΦ ) and 

dissipation term ijε  . 
The pressure-strain correlation equation is written: 

ij ij,1 ij,2 ij,ωφ = φ + φ + φ  (11) 

The first term ij,1φ  is a non-linear one called "slow". 

ij,1 1 i j ij
2C u u k

k 3
ε ⎡ ⎤φ = − ρ − δ⎢ ⎥⎣ ⎦

 (12) 

The second term  ij,2φ of the pressure-strain correlation 

represents the linear part (rapid term). 

( )ij,2 2 ij ij ij
2C P C (P C)
3

⎡ ⎤φ = − + − δ −⎢ ⎥⎣ ⎦
                                (14)       (13) 

The (W)
ijΦ 	is a necessary term in the presence of walls. It is 

modelled according to the classical form proposed by Gibson 
and Launder [27] in the following relationship: 

3/2

ij, 1 k m k m ij i k j k j k i k
1

3/2

2 km,2 k m ij ik,2 j k jk,2 i k
1

3 3 kC u u n n u u n n u u n n
k 2 2 C d

3 3 kC n n n n n n
2 2 C d

ʹʹ
ω

ʹʹ

ε ⎛ ⎞φ = δ − −⎜ ⎟ ε⎝ ⎠

⎛ ⎞+ φ δ − φ − φ⎜ ⎟ ε⎝ ⎠

            (15) 

3/4

1

C
C µ=

κ
                                                                         (16) 

The RSM model constants are presented in the following 
table: 

Table 1.the RSM model constants 

1C  2C        C ''
1C  ''

2C  Cµ  

1.8 0.6 0.7179 0.5 0.3 0.09 

3.3.    Numerical scheme  

The Navier Stokes equations, turbulent field transport and 
energy equations are solved sequentially by using the Gauss-
Seidel iterative approach and a SIMPLE algorithm, adapted to 
solve the pressure-velocity coupling problem to avoid the 
appearance of a pressure field and an irrational velocity field 
[28]. The Second order upwind discretization [29] is chosen 
for solving convective terms except for the pressure correction 
equation where the PRESTO scheme is used. This scheme 
provides an improved pressure interpolation in the case of the 
presence of body forces or a high-pressure fluctuation in 
swirling flows [29]. 

 

3.4. Boundary condition  

Ø At the inlet, a uniform velocity and temperature   
profile ( jU  andT• ) is imposed. A turbulence level is also 
imposed corresponding to a turbulence intensity equal to 5% 
and a hydraulic diameter equal to 0.026 mm. 

Ø At the walls: r z ijU U R  0= = =  with 

( ) ( )i, j   r, ,z= q , except for the tangential velocity isU rq = w  
on the rotor and zero on the stationary walls.  

Ø At the outlet, an "outflow" condition is imposed, 
which means that the flow rate imposed at the inlet is found at 
the outlet. 

The flowing fluid is air with assumed constant physical 
properties independent of temperature within the temperature 
range tested. The air flow enters the cavity with a temperature 
equal toT• , which is the same temperature imposed at the 
stator walls. At the walls of the rotating disk, an adherence 
condition and a uniform rotorT  temperature are imposed. The 
rotor is rotated at an angular velocity ω. 

4.    Results and Discussion  

4.1.   The flow structures 

The dynamic characteristics analysis of the flow in the air 
gap between rotor and stator is a crucial factor in 
understanding the local convective heat transfer phenomena 
on the rotor for the studied spacing (G = 0.02). Several types 
of flow structures can be distinguished. A flow with two 
distinct boundary layers separated by an inviscid rotating core 
is called a Batchelor flow. If the flow has only one boundary 
layer and a quasi-zero tangential velocity far from it, it is 
called Stewartson's flow. 

Figure 3 shows the mean velocity fields in the air gap 
between two disks for different rotational Reynolds numbers 
ranging from 𝑅𝑒# = 	2.38×10, to 5.44×10, and a jet 
Reynolds number set at 𝑅𝑒9 = 33×101. The jet center is set at 
r/R = 0.5. Figure 3a shows that the rotational velocity has no 
significant effect on the axial velocity field 𝑈I	. 

In the impingement jet area, the velocity field 𝑈E	   
(figure.3.b) indicates positive and negative over-velocities. 
These over-velocities characterize the change in flow 
direction and its containment by the recirculation zone. Two 
zones can be distinguished: one, with low radii ( 3

5
≤ 0.5	) 

where the flow is centripetal and another, for larger radii    
(3
5
≥ 0.5) where the flow is centrifugal. For higher rotational 

Reynolds numbers 𝑅𝑒# = 	3.87×10,	and                           𝑅𝑒# =
	5.44×10,, we observe that for the largest radii             ( 3

5
≥

0.7) and near the stator, the radial velocity decreases and 
becomes negative, which corresponds to a fluid inlet from 
outside the air gap via the boundary layer the stator. This fluid 
reentry was also observed by Poncet et al [20] and Nguyen et 
al [19] in the case of a rotor-stator system with an axial jet. 
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 Fig. 3.Mean velocities fields obtained by numerical simulation (a) z jU / U ,  (b) r jU / U ,  (c) U / rq w  for 3
jRe 33 10= ¥  

Figure 3c shows that the fluid is in quasi-solid rotation. 
As the boundary layer size increases in the radial direction, the 
flow is gradually dominated by rotation. 

Overall, velocities are higher near the rotor than near the 
stator. The influence of the rotation velocity is greater for the 
highest radii and also when the jet Reynolds number jRe  is 
lower. Thus, three areas are distinguished: (i) a centripetal 
flow throughout the air gap at low radii (ii) a centrifugal flow 
at high radii near the rotor where the fluid is ejected outwards 
and (iii) a centripetal flow observed near the stator. This flow 
is characteristic of a Batchelor type flow in this region of the 
air gap. 

Figure 4 shows the distribution of the radial velocity 
normalized to jet velocity as a function dimensionless radius 
r/R. Three positions are considered: near the rotor at 
Z/H=0.23, a mid-cavity at Z/H = 0.53 and near the stator at 
Z/H = 0.84. 

For the two rotational Reynolds numbers considered 
𝑅𝑒# = 	3.87×10, and 𝑅𝑒# = 	5.44×10,, there are two 
velocity peaks at r / R 4.7= and r / R 5.7= due to 
confinement by the recirculation zone and followed by a 
sudden decrease in velocity. The radial velocities obtained are 
confused in this area, which implies that rotation has no 
influence near the impingement. 

Outside the impingement area, differences appear and a 
negative velocity is observed in Z/H=0.84 for a rotational 
Reynolds number 𝑅𝑒# = 	5.44×10,.This corresponds to a 
fluid reentry described previously. 

 
Fig 4.Radial distribution of the mean radial velocity in three 
different positions: Z / H  0.23=  , Z / H  0.53= , and 
Z / H  0.84=  for two rotational Reynolds numbers        
𝑅𝑒# = 	3.87×10, and 𝑅𝑒# = 	5.44×10,  

4.2.    Turbulent field 

The radial distribution of the radial and tangential normal 
components of the Reynolds stress tensor in Z/H = 0.23, 0.53 
and 0.84 for two rotational Reynolds numbers are shown in 
Figure 5. In all cases, peak values for radial component r ,rmsU  
(Fig 5.a.b.1) are observed in the impingement zone. They are 
higher near the rotor at Z/H = 0. 23 and slightly lower when 
moving towards the stator. The peaks on Reynolds tensions 
are then reached, which corresponds to the transition from a 
laminar state to a turbulent state of the boundary layer. A 
distinct characteristic is achieved for the tangential component 

,rmsUq .  
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	Fig.5. Normal Reynolds stress tensor components ( r ,rmsU  left, ,rmsUq  right) obtained for a two rotational Reynolds numbers 
𝑅𝑒# = 	3.87×10, (a) and 𝑅𝑒# = 	5.44×10, (b) near the rotor (Z/H = 0.23), at the mid-cavity (Z/H= 0.53) and near the stator 
(Z/H = 0.84). 

A deviation of the tangential component peaks is clearly 
shown in Figure 5.a.b.2. In the center of the cavity, the peaks 
of ,rmsUq  are located at r/R=0.46 and r/R = 0.57. They are then 
at r/R=0.45 and r/R = 0.56 near the stator (Z/H = 0.84) and 
finally at r / R 0.43=  and r / R  0.58=  near the rotor (Z/H 
= 0.23). This radial deviation is attributed to turbulence 
diffusion in the boundary layer. The rotation has a negligible 
effect on the radial end tangential components of the Reynolds 
stress tensor near impingement zone. At larger radii, about 
r / R 0.75=  and for 𝑅𝑒# = 	5.44×10, (fig.b.2), ,rmsUq

increases from the rotor to the stator. So, the rotational 
influences become dominant. 

4.3.   Local and mean Nusselt numbers  

In order to verify the accuracy of the CFD model proposed 
in this study, our results from the numerical simulation are 
compared with heat transfer experiments for                        
𝑅𝑒# = 	2.38×10, to 𝑅𝑒# = 	5.44×10, and                         
16.5×101 ≤ 𝑅𝑒9 ≤ 49.5×101 (Figure 6). 

For a jet Reynolds number fixed 𝑅𝑒9 = 	33×101 
(Figure.6a), the local Nusselt numbers are an increasing 
function on the disk radius. They are weakly dependent on the 
rotational Reynolds number for small radii (𝑟/𝐷 ≤ 4). Near 
the impingement zone, the Nusselt number has two peaks. The 
two peaks are simultaneously at 𝑟/𝐷 = 5  and 𝑟/𝐷 = 6.5. 
This significant increase in heat transfer can be explained by 
an increase in radial velocities in the boundary layer linked to 
the rotor. This induces higher shear stresses near the rotating 
disk and consequently an increase in the local Nusselt. Moving 
away from the impinging point and for radii 𝑟/𝐷 ≥ 8, the 

influence  of rotation is noticeable  by an increase in Nusselt 
numbers as a function of r and Rew .  A decrease in radial flow 
near the stator and an increase in the radial velocity gradient 
near the rotor induces higher tangential shear stresses near the 
rotor resulting in an increase in heat exchange in this area. 

For a rotational Reynolds number fixed at                      
𝑅𝑒# = 	5.44×10, and different values of 𝑅𝑒9 = 	16.5×101 to 
49.5×101 (Figure.6.(b)), local Nusselt numbers are an 
increasing function of the air jet. The injected air flow has no 
noticeable influenced on local convective transfer for small 
radii (𝑟/𝐷 ≤ 4)  and also towards the periphery of the rotating 
disk (𝑟/𝐷 ≥ 8). However, near the impingement  region and 
for r/D between 4 and 8, the effect of the air flow is very high 
and generates an area of high heat transfer manifests as peaks 
whose amplitude varies according to the jet Reynolds number 

jRe .  Three areas are then identified, separated by 
characteristic radii. A mixed zone with low radii (𝑟/𝐷 ≤ 4 ) 
where heat transfers are weakly influenced by rotation and air 
flow. An area near the impinging point where heat transfers 
are dominated by the injected air flow and finally an area at 
the periphery dominated by rotation. 

The numerical results obtained by the RSM turbulence 
model are in agreement with the experimental results. The 
average relative deviations obtained remain within the margin 
of error of the experimental measurements with a deviation of 
less than 7%. Taking into account the accuracy of the 
experimental results, the CFD model can be concluded to 
accurately predict the behaviour of convective heat exchange 
on the rotor surface. 
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Fig.6. Distribution of local Nusselt Numbers for (a)           
	𝑅𝑒9 = 	33×101, (b) 𝑅𝑒# = 	5.44×10,. 

Figure 7 shows the evolution of the mean Nusselt number 
as a function of Rewfor different values of jRe . In this graph, 
the results obtained by pellé [24] in the case of a rotor-stator 
system without jet and simultaneously the experimental values 
of Boutarfa [30] corresponding to a rotating disk placed facing 
a parallel stator with a central opening in the stator have been 
shown. 

Numerically, the mean Nusselt number is an increasing 
function of the rotational Reynolds number Rew  and the jet 
Reynolds number jRe , which is consistent with the 
experimental results. 

The numerical values of the mean Nusselt number are 
higher than those obtained by Boutarfa [30] and Pellé [24]. 
Indeed, the presence of an injected air flow requires air 
renewal in the air gap and cooling has become more important 
than in the case without a jet. The increase of the injected air 
flow is resulting in an increase of convective transfers on the 
rotor surface. 

For the jet Reynolds number fixed at 	𝑅𝑒9 = 	33×101 , the 
comparison of the numerical and experimental results shows 
a satisfactory agreement with using the RSM type turbulence 
model.  

 
Fig. 7. Comparison of numerical and experimental results 
obtained in this study with those of Pellé [24] and Boutarfa 
[30]. 

5.   Conclusion 

This work has studied numerically and experimentally the 
heat transfers at the surface of a rotating disk with an eccentric 
impinging jet in a rotor-stator system with dimensionless 
spacing G = 0.02.  The influence of injected air flow has been 
highlighted by observing the local and mean Nusselt numbers 
and the flow structure occurring in the air gap for different 
values of Rewand jRe . 

The air jet injected giving a higher heat transfer than 
without the jet. The heat transfer depends on the rotational 
Reynolds number which, in this study, varies from 52.38 10×
to 55.44 10×  . It also depends on the jet Reynolds number 
between 316.5 10× and 349.5 10× . The analysis of these 
results identified three zones: a jet-dominated zone near the 
impinging jet, a mixed zone with low radii where heat 
transfers are slightly influenced by both the injected air flow 
and the rotational velocity; and finally, a zone near the 
periphery of the rotor where the jet influence is reduced in 
favor of rotational velocity. 

An analysis of the radial and tangential component 
profiles of the air velocity in the air gap reveals that the flow 
is centripetal at the low radii of the air gap. The transition from 
an essentially centrifugal structure throughout the air gap to a 
centrifugal flow along the rotor and centripetal flow along the 
stator is carried out at large radii as the injected air flow and 
rotation increase. 

A comparison of the local and mean Nusselt number 
profiles on the rotating disk surface showed that the numerical 
results obtained by using RSM turbulence model are in good 
agreement with the experimental results. The average relative 
deviations obtained stay within the error margin of the 
experimental measurements at a deviation of less than 7%. 

This research work, which is part of a perspective to 
improving the cooling of the rotor, is currently being carried 
out by investigating the influence of other dimensionless 
spacings on convective heat transfer in the air gap between the 
rotor and stator.   
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