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The Indonesian smart hybrid light train is a train under development by the government and will operate in Makassar-
Parepare, Indonesia track. The authors conducted a numerical study on CFD to investigate the air flow distribution 
inside the air conditioning ducting and the air velocity and air temperature distribution on Motor Engine and 
Compartment (MEC) car to achieve the passenger comfort criteria based on the regulation standard of Indonesia 
Minister of Transportation Number 69 of 2019. This study was conducted by simulating 5 variations of air barriers 
height inside the supply ducts. The input of air into the ducting has the parameters of mass flow rate, static 
temperature, static pressure, and density with the values of 1 kg/s, 20 °C, 1 atm, and 1.2 kg/m3, respectively. The 
simulation results show that variation E is the best design which generated the average air velocity and air 
temperature distribution in the executive passenger cabin with the values of 0.25 m/s and 21.91 °C, respectively. 
Meanwhile, the other 4 variations did not satisfy the standard. The results also show that the ducting geometry can 
accommodate the air temperature difference on the MEC car that does not exceed 1.5 °C and the air supply is 
sufficient from the air conditioner unit to the driver room. 

Keywords: KRHKC, CFD, ducting, passenger comfort, air barrier  

1 INTRODUCTION  

The smart hybrid light train or “Kereta Ringan Hybrid dan Kereta Cerdas” (KRHKC) is a train developed by the 
Indonesian government. The train is planned to operate with the operational route of Makassar – Parepare with a 
mileage of about 154 km. With this mileage, this train is classified as an intercity train where passenger comfort is 
the main concern. Thermal comfort has always been a primordial necessity in the life of human beings [1]. Thermal 
comfort or the indoor air temperature of a building directly effects the consumption of energy from air conditioning 
[2]. Several parameters that affect the level of passenger comfort based on environmental factors are vibration, 
noises, air temperature, pressure, and lighting [3]. With the concept of high-speed trains, it is necessary to have 
tightly sealed compartments of train cars where air temperature parameters need to be considered in more depth. 
This is because the condition of the room with tightly closed, and the presence of passengers makes the air 
temperature in the room rise. One of the reasons for air temperature increases is the heat flux value of the passengers 
[4]. This requires air control in the passenger room to ensure passenger comfort can always be maintained [5]. In 
controlling air distribution in train cabins, one of the major concerns is determining the design of air conditioning 
ducting. With the compact design of the train carriages and the optimization of each component in the carriages, the 
space for air conditioning ducting is limited. Moreover, the problem of distributing cold air into the driver room which 
must pass through the engine room with a heat source from engine operation, is a challenge that needs to be resolved 
so that the flowing cold air does not experience a significant air temperature drop. 
Optimizing heating, ventilation, and air conditioning (HVAC) systems is crucial for improving energy efficiency in 
buildings due to their significant energy consumption. However, developing more advanced optimization techniques 
and energy-efficient HVAC systems is necessary to achieve sustainable and efficient building operation. In addition, 
optimized air conditioning ducting can also play a significant role in increasing energy efficiency and improving 
occupant comfort within buildings [6]. Hesser and Widdowson (2016) stated that comfort criteria for passenger rooms 
can be reviewed from 3 aspects there are maximum air velocity, overall room temperature, and air temperature 
differences at every point [7]. In Indonesia, the standard for thermal comfort of a high-speed train is regulated by the 
Indonesia Minister of Transportation number 69 of 2019 where the air temperature difference in each passenger seat 
may not exceed 1.5 °C and the air flow velocity hitting the passenger may not exceed 0.5 m/s [8]. 
This research discussed the numerical study of air flow and distribution in KRHKC ducting for the executive 
passenger cabin and the driver room. The research was conducted by simulating 5 different variations of the air 
barriers height inside the supply ducts. Variations are made by changing the height of the air barriers inside the 
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ducting to obtain the best distribution of air flow in each diffuser entering the executive passenger cabin. A heat 
source in the executive passenger cabin was generated by human bodies and window glasses. Therefore, the 
research conducted focuses on knowing the best air flow temperature and air flow velocity distribution (as standard) 
values between 5 variations of the air barriers height inside the ducting. 

2 RESEARCH METHODS 

2.1 Governing Equation 

Governing equation is an equation used to complete the simulation process and numerical analysis in CFD 
(Computational Fluid Dynamics) [9]. CFD approach is a cost-effective alternative and less time-consuming. The 
solution obtained from CFD simulations is largely within the acceptable range [10]. The governing equation consists 
of basic fluid mechanics equations such as the equation for the conservation of mass, conservation of momentum, 
and conservation of energy as shown in Eqs. (1), (2), and (4) respectively. Stress tensor can be solved using Eq. (3). 
These equations are changed from the form of partial differential equations to algebraic equations by ANSYS Fluent, 
so they can finally be solved in numerical calculations [11]. 

𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕
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The 𝑘𝑘 − 𝜔𝜔 model use two transports to solve the turbulence model. This modeling is based on the transport model 
equation for turbulence kinetic energy (𝑘𝑘) and specific dissipation rate (𝜔𝜔) as shown in Eqs. (5) and (6). This model 
has the advantage of being able to display the flow transition from laminar flow to turbulent flow. Menter, Sechner, 
and Matyushenko (2021) developed the 𝑘𝑘 − 𝜔𝜔 SST model to effectively combine the ability of the 𝑘𝑘 − 𝜔𝜔 model around 
the wall, with the ability of the 𝑘𝑘 − 𝜀𝜀 model in the freestream area (far from the wall or high Reynolds number) [12]. 
By combining these two models, the weaknesses of the 𝑘𝑘 − 𝜔𝜔 model in the form of sensitive results on free streams 
and on flows near walls at low Reynolds numbers can be overcome by the 𝑘𝑘 − 𝜔𝜔 SST model, so that the turbulence 
model is more accurate and reliable for a wider range of flow regimes. 
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2.2 Numerical Simulation Methods 

The method used in this research is CFD simulation using ANSYS Fluent 2020 R2 software. The schematic flow of 
the research carried out can be seen in Figure 1. The CFD simulation in this research used three stages: 

− Pre-Processing 
The first stage must be done to make the geometry and to define the boundary conditions. In this research, 
geometry was made using the Autodesk Inventor Professional 2022 software. The geometry was divided 
into a certain number of grids that are called meshing. Dividing the continuous fluid domains into discrete 
domains in the form of small cells aims to make numerical processes applicable to the fluid equations. The 
smaller the cell size will make greater the number of cells, the results from the simulation using CFD will be 
more accurate, but the computation will take time longer.  

− Processing 
The processing stage is solving analytical problems using equations that are suitable for the problems that 
are analyzed with numerical methods. This stage began by determining the values and conditions that are 
needed for the purposes of numerical calculations. CFD simulation was continued with the process of 
iteration until convergent results were obtained. The sequence of steps in this stage was defining the 
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boundary conditions, defining the fluid properties, defining the set-up, and defining the iteration number and 
optimal convergence limits. 

− Post-Processing 
This is the last stage in the simulation process where the calculated data was obtained in various output 
forms, such as images, graphics, and animation. The data taken at this stage were the distribution of air 
velocity and air temperature along the train. 

2.3 Computational Domain 

Motor Engine and Compartment (MEC) car consists of several parts, namely mascara, driver room, engine room, 
and executive passenger cabin. The complete design of the MEC car is shown in Figure 2. The mascara and engine 
room design sections were not used in the computational domain of CFD simulation. The computational domain is 
shown in Figure 3, which consists of a driver room, 2 supply ducts, 1 return duct, and an executive passenger cabin. 

 

 
Fig. 2. Motor Engine and Compartment (MEC) car 

 

Fig. 1. Research flow scheme Fig. 3. Computational domain of MEC car 

2.4 Boundary Conditions and Material Parameters 

In this research, the air came from an Air Conditioner (AC) unit which has cooling capacity, mass flow rate, and 
working air temperature of 35 kW, 1 kg/s, and 20 °C respectively. These values were used as boundary conditions 
of air input parameters inside the ducting. CFD can offer a quick and cost-effective means of study with the advantage 
of having large flexibility in the geometry and boundary conditions [13]. 
The glass material used in this KRHKC research was divided into 2 types based on the placement position, driver 
room and executive passenger cabin. The glass for the driver room was located on the front windshield of mascara, 
while the glass for the executive passenger cabin was located on the side window. The glasses are shown in Figure 
4 and Figure 5. The glass of the side window of the executive passenger cabin consists of 7 layers of material and 
the glass of front windshield of mascara consists of 5 layers of material. Meanwhile, the ducting was manufactured 
with galvanized steel material, and it was insulated with EVA foam throughout the engine room. The authors used 
the shell conduction feature in ANSYS Fluent to input the material parameters of each layer of the glasses and the 
ducting. Detailed specifications of material parameters of the glasses and ducting are shown in Table 1. 
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Fig. 4. Side window of the executive passenger cabin Fig. 5. Front windshield of mascara 

Table 1. Material parameters of cabin glass, mascara glass, and ducting [4], [14] 

Properties Unit People 
Cabin glass 

L1 - 
glass 

L2 - 
PVB 

L3 - 
glass 

L4 – 
air gap 

L5 - 
glass L6 - PVB L7 - glass 

𝜕𝜕 kg/m3 1038.8 2520 1120 2520 1.204 2520 1120 2520 
𝐶𝐶𝑝𝑝 J/kg K 3341.3 753 1850 753 1.0035 753 1850 753 
𝑘𝑘 W/m K 0.62 0.96 0.2 0.96 1.4 0.96 0.2 0.96 
𝑇𝑇 °C 36 38 38 38 38 38 38 38 
𝑞𝑞" W/m2 56.52 - - - - - - - 
𝜕𝜕 m 5×10-6 5×10-3 1.52×10-  5×10-3 8×10-3 5×10-3 1.52×10-3 5×10-3 
ℎ W/m2 K - 15 15 15 15 15 15 15 

Properties Unit 

Mascara glass Ducting 

L1 - 
glass L2 - PVB L3 - 

glass 
L4 – 
PVB 

L5 - 
glass 

L1 – 
Galvanized 

steel 

L2 – EVA 
foam 

𝜕𝜕 kg/m3 2520 1120 2520 1120 2520 7800 30 
𝐶𝐶𝑝𝑝 J/kg K 753 1850 753 1850 753 470 1400 
𝑘𝑘 W/m K 0.96 0.2 0.96 0.2 0.96 52 0.038 
𝑇𝑇 °C 38 38 38 38 38 34 34 
𝑞𝑞" W/m2 - - - - - - - 
𝜕𝜕 m 5×10-3 1.52×10-3 6×10-3 1.52×10-3 6×10-3 1×10-3 1×10-2 
ℎ W/m2 K 15 15 15 15 15 15 15 

2.5 Air Barrier Variation 

There are 5 variations of air barriers height in this research. The ducting geometry consists of 2 supply ducts and a 
return duct. Each supply duct has 6 diffusers and 6 air barriers which are placed inside the supply duct. The diffuser 
numbers 1,3,4, and 6 have air grill inside, whereas the diffuser numbers 2 and 5 do not. The presence of air grill 
inside the diffuser is the same for all 5 variations. Meanwhile, the return duct has no air barriers applied inside. This 
research was started by using a ducting design without air barriers (variation A) as a baseline design. After that, 
optimization was done by using the air barriers with the variations of height. Detail of the variation in air barrier heights 
used in this research are shown in Table 2. Details of the ducting and air barriers drawing are shown in Figure 6. 

Table 2. Variation of air barriers height 

Variations Air barriers height (mm) 
1 2 3 4 5 6 

A Without air barrier 
B 40 40 40 40 40 40 
C 60 60 60 60 60 60 
D 80 60 60 40 60 50 
E 80 68 60 48 60 56 

 

 
(a) 
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(b) 

Fig. 6. (a) Top and side view of ducting and (b) Details of diffusers and air barriers 

2.6 Meshing 

Meshing was done by using a mesh size of 12 mm for human bodies, 40 mm for the walls of the engine room and 
glass, and 200 mm for the overall mesh size. So that the mesh has a total of 37,913,274 cells, 53,462,277 nodes, 
and has average skewness and orthogonal quality values of 0.22902 and 0.76969, respectively. These values show 
that the average skewness was excellent, and the average orthogonal quality was very good [9] [15]. The results of 
the mesh model geometry are shown in Figure 7. 

   
(a) (b) (c) 

Fig. 7. Mesh models of (a) MEC car, (b) Driver room, and (c) Executive passenger cabin 

2.7 Computational Set-Up 

Computational set-up was done at a steady-state condition with coupled solution method. The coupled solution 
method can be used to solve the equation of conservation of mass, momentum, and energy simultaneously. These 
equations are non-linear equations which require iterations repeatedly before a convergent solution is obtained. 
Detailed setting information of the method used as shown in Table 3. 

Table 3. Computational set-up 

Model Setting Pressure Velocity 
Coupling Setting Discretization 

Scheme Setting 

Space 3D Setup Condition Default Pressure Second order 

Time Steady Type Coupled Momentum Second order 
upwind 

Gravity Enabled, 9.81 
m/s2 Pseudo transient Yes Turbulent kinetic 

energy 
Second order 

upwind 

Viscous 𝑘𝑘 − 𝜔𝜔 SST 
turbulence model 

Explicit momentum 
under-relaxation 0.5 Specific 

dissipation rate 
Second order 

upwind 
Heat 

transfer Enabled Explicit pressure 
under-relaxation 0.5 Energy Second order 

upwind 

3 RESULT AND DISCUSSION 

In this chapter, the authors presented a discussion of the results of air flow inside the ducting, air velocity and 
temperature in the executive passenger cabin. The air flow results inside the ducting will be presented with the 
projection of the air velocity vector around the air barriers, while the air velocity and air temperature results in the 
executive passenger cabin will be presented with the contours of the predetermined plane. The discussion of the 
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results of air velocity and air temperature in the executive passenger cabin is used to strengthen the discussion of 
air flow resulting from inside the ducting. 

3.1 Air Flow Inside the Ducting 

In this sub-chapter, the authors presented the projection of the air velocity vectors inside the ducting from 5 variations 
as described in Table 2. Figure 8 shows the results of the air velocity vectors projection taken from the plane that is 
exactly in the middle of the ducting. From Figure 8, the authors wanted to explain how the effect of air barriers height 
is on the flow of air from the ducting that goes out into the executive passenger cabin. 
The order of the air barriers numbers is shown in Figure 8 (a), from order number 1 to number 6. The red arrows 
indicated a high air velocity vector (0.5 m/s), while the dark blue arrows indicated a low air velocity vector. Of the five 
variations A to E, almost no significant difference was found. However, there were 2 air barriers that seem to really 
have an impact on each variation, namely air barriers number 2 and 5. From the five variations in Figure 8, air barrier 
number 2 produced a high air velocity vector and hit the passenger seat right underneath. Variation A showed the 
most air velocity vectors in that area, while variation E showed the fewest air velocity vectors in that area. 
For air barrier number 5, it gave different air velocity vectors results for each variation. For variation A, air barrier 
number 5 didn’t produce too many air velocity vectors hitting the passenger seat underneath. In variations B and C, 
it can be said that the results of the air velocity vectors from air barrier number 5 were right about the passenger's 
head. For variation D, the results of the air velocity vectors even spread to the 2 passenger seats underneath. For 
variation E, the results of the air velocity vectors were more towards the back of the passenger seat underneath. 
The resulting air velocity vectors phenomenon at air barrier points number 2 and number 5 was probably because 
there were no air grills at these two points. An explanation of the air grills had been shown in Figure 6 (b). The 
absence of air grills at these two points might cause the air flow from inside the ducting to be directly distributed in 
large quantities to the executive passenger cabin, causing the passenger seats underneath to get high air velocity. 
Therefore, in the next sub-chapter the authors will review in more detail the air flow conditions that occurred in air 
barrier number 2 and 5 for each variation. This aim was to further ensure that air barrier numbers 2 and 5 are the 
most influential points on the results of the air velocity vectors inside the ducting. 

 
(a) 

 
(b) 
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(c) 

 
(d) 

 
(e) 

Fig. 8. Air velocity vector projection of ducting plane for (a) Variation A, (b) Variation B, (c) Variation C, (d) 
Variation D, and (e) Variation E 

Next, the authors presented Table 4 to show the detailed phenomena that occur in air barriers number 2 and number 
5. However, to show a sufficiently visible difference, the authors will compare the results of the air velocity vectors 
on the air barrier number 1 and number 2. This was due to air barrier number 1 containing air grill, while air barrier 
number 2 did not contain air grill. Thus, it was hoped that the results of the air velocity vector images at these 2 points 
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will give a clearer difference. Table 4 showed the results of the air velocity vector at air barrier points number 1 and 
number 2 for each variation A to E. 
In Table 4, the presence of air grills in air barrier number 1 influenced the breakdown of air flow. The air flow was 
split because of hitting the walls of the air grill and caused a stream that spreads in random directions. After the air 
flow hit the air grill, there was a low-speed air velocity that led to the executive passenger cabin, marked with a green 
vector projection. Air grill also caused reversed flow which made the air flow that has already exited the diffuser enter 
again and hit the air flow that is still in the diffuser, marked by a blue vector projection. This phenomenon occurred 
for all variations A to E with almost uniform air velocity vector projections. 
Meanwhile, in air barrier number 2 which did not have air grills, the air flowed will immediately flow quickly from the 
diffuser to the executive passenger cabin. This was indicated by the red projection vector. This was what might cause 
the air flow to flow at high velocity towards the passenger seat below, as described in Figure 8. 
Thus, referring to the results listed in Table 4, it can be said that the presence of air grills in the diffuser can cause 
the air flow to spread more evenly before hitting the passenger seats underneath. Meanwhile, the absence of air 
grills will cause air flow to flow quickly towards the passenger seat underneath. This answered the phenomenon 
related to air flow in air barrier number 2 and number 5 which produced the highest air velocity vector. Henceforth, 
the authors will discuss the air flow that occurred in the executive passenger cabin to show the effect of the height of 
the air barrier inside the ducting on the distribution of air velocity and air temperature that occurs in the executive 
passenger cabin. 

Table 4. Comparison of the vector velocity projection of air barrier number 1 and 2 
Varia
tions Air Barrier Number 1 Air Barrier Number 2 

A 

  

B 

  

C 

  

http://www.engineeringscience.rs/


Journal of Applied Engineering Science 

Vol. 21, No. 4, 2023 
www.engineeringscience.rs 

 

 
publishing 

 Fauzun Fauzun et al. - Numerical study the effect 
of air barriers height inside the air conditioning 
ducting to satisfy the regulation of Indonesia 
minister of transportation number 69 of 2019 

 

1164 

Varia
tions Air Barrier Number 1 Air Barrier Number 2 

D 

  

E 

  
3.2 Air Velocity Distribution and Contours 

In this section, the authors presented plotting points of the computational domain in the executive passenger cabin. 
It can be seen in Figure 9. It consists of the distance from the rear wall to the front wall in each meter. These plotting 
points were used to obtain the air temperature values in each meter. While the air velocity values were obtained by 
making a plane with the height of 1.2 meters from the floor as written in the regulation standard [8]. 
The air velocity distribution in the executive passenger cabin is shown in Figure 10. The figure contains a graphical 
plot of the air velocity distribution values for the 5 variations in air barrier heights inside the ducting by taking samples 
at several points at a height of 1.2 meters from the floor in the executive passenger cabin. The height of the air 
velocity plane and the plotting points of the executive passenger cabin were described in Figure 9. It can be observed 
that there was a very significant increase in the third passenger seat area, or at a plotting point of 3 meters, where 
the air velocity exceeds the standard 0.5 m/s for all air barriers height variations. This was because the location of 
this passenger seat is exactly placed under the diffuser which was used to circulate cold air into the executive 
passenger cabin. The air velocity limit of 0.5 m/s is shown by the horizontal dotted line in Figure 10.  
Figure 11 shows the air velocity contours of the simulation results of all variations A, B, C, D, and E, respectively. It 
can be seen in all variations that the air velocity value in the driver room exceeded the specified standard. As for the 
executive passenger cabin, several points still had air velocity above 0.5 m/s. But overall, the air velocity was quite 
even. Based on the result of the graph in Figure 10, variation C produced the worst air velocity distribution because 
there was the highest significant increase of air velocity value in third passenger seats. The best result of air velocity 
distribution is shown in variation E, even though there was an increase of air velocity value in third passenger seats, 
but the air temperature value afterwards was quite even and below 0.5 m/s. 

 
Fig. 9. Plotting points of computational domain in the executive passenger cabin 
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Fig. 10. Air velocity distribution in the executive passenger cabin 
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(c) (d) 

 
(e) 

Fig. 11. Air velocity contours for (a) variation A, (b) variation B, (c) variation C, (d) variation D, and (e) variation E 
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3.3 Air Temperature Distribution and Contours 

Air temperature distribution in the executive passenger cabin is shown in Figure 12. The figure contains a graphical 
plot of the air temperature distribution values for the 5 variations in air barriers height inside the ducting. The limit 
value of the air temperature difference is shown by the horizontal dotted line. According to the regulation standard, 
the value of air temperature difference should not exceed 1.5 °C. 
Figure 13 and Figure 14 show the air temperature rendering and contours of the simulation results for variations A, 
B, C, D, and E, respectively in isometric and side views. From the results of the air temperature rendering, all 
variations showed that the air flow from the AC unit was sufficient to the driver room with an average air temperature 
value below 23 °C. Variations A and B showed very low air temperature contours in the rear passenger seats, or 
from plotting points of 0 to 3 meters, with air temperature values below 21 °C. Variation C showed very high air 
temperature contours in the middle to the front passenger seats, or from a plotting point of 5 to 10 meters, with an 
air temperature value above 25 °C. Variations D and E showed an even air temperature contour throughout the 
executive passenger cabin. From the results of the graph in Figure 12, the E variation was better than the D variation 
due to the difference in air temperature value of 1.36 °C and it met the regulation standard. 
From the results of these air temperature distribution, it can be stated that the variation E produced the best air 
temperature distribution, while the variation C produced the worst air temperature distribution. These two variations 
will be compared with the results of the air velocity vector on the passenger plane closest to the window in Figure 15. 

 
Fig. 12. Air temperature distribution in the executive passenger cabin 
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(c) (d) 

 
(e) 

Fig. 13. Isometric view of air temperature rendering for (a) variation A, (b) variation B, (c) variation C, (d) 
variation D, and (e) variation E 
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(e) 

Fig. 14. Side view of air temperature contours for (a) variation A, (b) variation B, (c) variation C, (d) variation D, 
and (e) variation E 

Figure 15 shows the air velocity vector of variation C and variation E on the plane of the passenger closest to the 
window. The authors wanted to compare these 2 variations which produced the worst and the best air temperature 
distribution in executive passenger cabin. The vector direction of air velocity will be analyzed to be able to explain 
why variation C can produce the worst air temperature distribution and the why the variation E can produce the best 
air temperature distribution. 
These two variations C and E produced an air velocity vector that gathers a lot in the middle passenger seats, or at 
a plotting point of about 3 meters. In variation C in Figure 15 (a), the vector direction concentration occurred at the 
front passenger seat, or at a plotting point of approximately 7-8 meters. This rotation of the air velocity vector might 
cause of the high air temperature distribution in the front passenger seat in variation C. In variation E in Figure 15 
(b), the air velocity vector on the front passenger seat, or at a plotting point of approximately 7-8 meters did not occur 
with an air velocity vectors rotation. This might cause the results of the air temperature distribution in the variation E 
to be more even than the variation C and produced the best air temperature distribution among the other variations. 
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(b) 

Fig. 15. Air velocity vectors on the passenger closest to the window for (a) variation C and (b) 
variation E 

4 CONCLUSION 

Through numerical analysis of the effect of variations in obstructions in the ducting on the distribution of air velocity 
and air temperature in the executive passenger cabin, it can be concluded that: 

− Air barriers affected how the outgoing air flow was distributed in each diffuser at different distances from 
the flow source, especially with variations in the height of the barriers in each diffuser. It influenced the 
distribution of air velocity and temperature in the executive passenger cabin. 

− Variations E had the best overall design with the average air velocity value is about 0.25 m/s which is below 
the standard of 0.5 m/s. Variation E also produced the average air temperature value in the executive 
passenger cabin of 21.91 °C, where the difference value in air temperature is 1.36 °C, which is below 1.5 
°C and meets the regulation standard. 
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7 NOMENCLATURE 

𝐶𝐶𝑝𝑝 Specific heat, J/kg K 𝑞𝑞" Heat flux, W/m2 

𝜌𝜌 Energy, J 𝑆𝑆ℎ Volumetric heat sources 

�⃗�𝐹 External body forces, N 𝑆𝑆𝑘𝑘,𝜔𝜔 Source term 

𝑔𝑔 Gravity acceleration, m/s2 𝑆𝑆𝑚𝑚 Source terms for mass added 

𝐺𝐺𝑘𝑘 The forming of turbulence kinetic energy T Temperature, °C 

𝐺𝐺𝜔𝜔 Generation of specific dissipation rate 𝜕𝜕 Thickness, m 

ℎ Enthalpy, J 𝜕𝜕 Time, s 

ℎ Heat transfer coefficient, W/m2K �⃗�𝑣 Vector velocity, m/s 

𝐼𝐼 Unit tensor 𝑌𝑌𝑘𝑘,𝜔𝜔 Dissipation due to turbulence 

𝐽𝐽 Diffusion flux, kg/m2s Γ𝑘𝑘,𝜔𝜔 Effective diffusivity 

k Thermal conductivity, W/m K 𝜇𝜇 Dynamic viscosity of the fluid, kg/m s 

k Turbulence kinetic energy 𝜕𝜕 Density of the fluid, kg/m3 

�̇�𝑚 Mass flow rate, kg/s 𝜏𝜏̿ Tensor stress, N/m2 

𝑝𝑝 Pressure, N/m2 ω Specific dissipation rate 
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