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Nomenclature 

________________________________________________ 

u : velocity (m/s) xmol: mole fraction of species 

A: pre-exponential factor in the Arrhenius 

equation 
,
mol
i inletx : inlet mole fraction of ith species 

b: constant  xwt: mass fraction of species 

C: hyperparameter  x: independent variable (predictor) 

Cp: specific heat (kJ/kg) xscaled: the scaled value of the data point   

Dm: mass diffusivity (m2/s)  xB: best vertex 

DT: thermal diffusivity (m2/s)  xc1: inside the compression point 

E: activation energy (kcal/mol)  Xc2: outside the compression point  

FB: body force (N/kg)  XG: good vertex 

g: acceleration due to gravity (m/s2) xM: middle point 

h: enthalpy (kJ/kg)  XW: worst vertex 

hw: heat transfer coefficient (J/m2sK) XR: reflection point 

0
ih : Standard heat of formation (kJ/kg) y: dependent variable (response) 

I: unit matrix y1: local deposition rate (kg/m2s)  

Jh: energy diffusive flux (w/m2) y2: local uniformity index 

J: mass diffusive flux (kg/m2s) 
1
uppery : upper limit deposition rate (kg/m2s) 

keff: effective thermal conductivity (W/m.K)  Greek symbols 

MAE: mean square error  ρ: density of gas mixture (kg/m3) 

M: molecular weight (kg/mol)  τ: stress tensor (N/m2) 

Min (xn): minimum value of xn μ: gas viscosity (Pa.s) 

Max (xn): maximum value of xn α: weight for deposition rate 

η: outward unit normal β: weight for deposition rate 

Nr: total number of surface reaction βT: exponential temperature factor 

P: pressure (Pa) ω: model coefficient 

P0: initial pressure (Pa) ε: acceptable margin of error 
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R̂ : total production rate of species by 

chemical reaction (kg/m3.s)   

ϵ: emissivity factor 

R2: coefficient of regression   : slack variable 

Ri: molar rate of production of ith species 

(mol/m3s)   

σ: Stefan-Boltzmann constant (W/m2K4) 

RMSE: root mean square error   Subscripts 

s: total area of the substrate (m2) i: ith species 

(s): surface sites   j: jth species 

t: time (s) k: kth data point  

T: temperature (K) n: total number of data points 

Ta: atmospheric temperature (K) r: rth reaction 

T0: initial reactor temperature (K) Superscript 

Tref: reference temperature (K) ^: estimated value 

Ts: substrate temperature (K) -: mean value 

Tw: reactor wall temperature (K) w: wall surfaces 
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Description of non-dimensional numbers  

__________________________________________________ 

The influence of various operational parameters on the flow behaviour in the CVD reactor and 

the film growth performance was studied using multiple dimensionless numbers. The ratio of 

inertial force to viscous force is given as the Reynolds number (Re): 

Re
uD




 

Where 𝜌 is the density of the gas, 

  u is the gas flow velocity,  

 D is the reactor diameter and   

   is the dynamic viscosity of the gas.  

All simulations satisfy the laminar flow condition (Re 2100). The Grashof number (Gr) is 

defined as the ratio of buoyant force to the viscous force experienced by the fluid particle, 

which correlates with thermally induced convective fluid heat and mass transport. 
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Ts and T0 represent the substrates and the gas mixture's entrance temperature, respectively, 

while h represents the vertical distance measured from the spinning shaft. Furthermore, the 

buoyancy-to-inertia ratio, Gr/Re2, quantifies the relative strength of natural vs forced 

convection. Natural convection flow would be dominated by a high Gr/Re2 ratio, resulting in 

poorer film uniformity due to increased recirculations in the reactor. To obtain a consistent film 

growth rate, however, the operating conditions and reactor geometry must be carefully chosen. 

The rotational Reynolds number Rew based on reactor diameter assesses the forced convection 

effects caused by substrate rotation and is defined as: 
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w is the rotation of the substrate. The Prandtl number (Pr) is defined as the ratio of momentum 

to thermal diffusivity. 
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p
Pr
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k
=

  

A low Prandtl number indicates that thermal diffusion has taken precedence over momentum 

diffusion, resulting in a higher heat transfer rate due to conduction rather than convection. The 

Peclet number (Pe) is the ratio of heat transfer rate due to convection to heat transfer rate owing 

to conduction and is stated as:  

Pr.Re
puDC

k
Pe


   

  


