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Nomenclature

[An] Normal Jacobian matrix

α Angle of attack

ϕ(~ξ) Shape functions for the isoparametric transformation

εs Entropy error

γ Specific heat ratio, 1.4 for air

µ Dynamic viscosity coefficient

φ f p Lagrange interpolation polynomial for the flux points

Φ
f p
l (~ξ) Flux basis polynomials

ψsp Lagrange interpolation polynomial for the solution points

Ψ
sp
i (~ξ) Solution basis polynomials

ρ Density

τxx, τxy, τyy Shear stress tensor elements

~̃F Total flux vector in cell local computational coordinate ~ξ

~̃Fc Convective flux vector in cell local computational coordinate ~ξ

~̃Fd Diffusive flux vector in cell local computational coordinate ~ξ

f̃c, g̃c ξ,η−components of convective flux vector, respectively, in cell local compu-
tational coordinate ~ξ

f̃c
common

, g̃c
common Interface common convective flux components in computational domain

f̃d, g̃d ξ,η−components of diffusive flux vector, respectively, in cell local computa-
tional coordinate ~ξ

f̃ , g̃ ξ,η-components of the total flux vector in cell local computational coordinate
~ξ

f̃ k(~ξ), g̃k(~ξ) Computational flux polynomials in cell k

Q̃ conserved variables in cell local computational coordinate ~ξ

Q̃k
f , Q̃

k
g Computational conserved variables polynomials defined at ξ,η-flux points,

respectively for cell k

~∇ Gradient operator vector in the Cartesian coordinates system: [ ∂∂x ,
∂
∂y ]T

ix



~∇~ξ Gradient operator vector in the computational coordinates system: [ ∂∂ξ ,
∂
∂η ]T

~ξ Vector of computational coordinates system

~F Total flux vector in physical domain

~Fc Convective flux vector in physical domain

~Fd Diffusive flux vector in physical domain

~n Unit normal vector in the physical Cartesian coordinates system

~x Vector of Cartesian coordinates system

~∇Qk ≈ ~Θ(~ξ) Conserved variables gradient polynomial

R̃esi(~ξsp) Residual of the governing equations in computational domain

ξ,η Computational coordinates

ξ f p Flux points coordinates in 1D

ξsp Solution points coordinates in 1D

ξx, ξy,ηx,ηy Metrics of the transformation

c Speed of sound

CD Drag coefficient

CL Lift coefficient

Cp Pressure Coefficient

Ec,n Interface normal convective flux component in physical Cartesian coordinate
system

et Specific total energy

f x-component of the total flux vector in physical Cartesian coordinates

fc, fd x-components of the convective and diffusive flux vectors, respectively, in
physical Cartesian coordinates

fr Frequency in hertz

g y-component of the total flux vector in physical Cartesian coordinates

gc,gd y-components of the convective and diffusive flux vectors, respectively, in
physical Cartesian coordinates

J Jacobian of the transformation

Lc Characteristic length

x



M∞ Free stream Mach number

N Number of solution point in 1D cells

N f p Number of flux points in d-dimensional elements

N sp Number of solution points in d-dimensional elements

nx,ny Components of the physical unit normal vector ~n

Nn Total number of geometric nodes/vertices used to define the physical element

P Pressure

p Polynomial order

Pt Total pressure

Pr Prandtl number, 0.72 for air

Q Conserved variables in physical domain

Qk(~ξ), Q̃k(~ξ) Physical and computational solution polynomials in cell k, respectively

qx,qy Heat flux vector components in x,y directions, respectively

Rx,Ry Total forces in x,y-directions, respectively

Rev Reynolds number

Rn One-dimensional Riemann invariants

s Entropy

S A Area of the nozzle for the quasi-one dimensional nozzle flow

S t Strouhl number

T Temperature

t Time

Tt Total temperature

u,v Velocity components in x,y directions, respectively, m/s

V∞ Free stream velocity

Vn Normal velocity component in the physical Cartesian coordinate system

Vt Tangent velocity component in the physical Cartesian coordinate system

x,y Cartesian coordinates

xi


