
Linear stability equations in cylindrical coordinates

The matrices constituting the eigenvalue problem system given by(
A+Bω

)
q̃ = 0 (1)

are detailed in the following for the local and BiGlobal problems. The matrices A and B matrices
retain the same structure for both linear theories, given by

A =



A1×1 A1×2 A1×3 A1×4 A1×5

A2×1 A2×2 A2×3 A2×4 A2×5

A3×1 A3×2 A3×3 A3×4 A3×5

A4×1 A4×2 A4×3 A4×4 A4×5

A5×1 A5×2 A5×3 A5×4 A5×5


, B =



0 0 0 B1×4 B1×5

B2×1 0 0 0 0

0 B3×2 0 0 0

0 0 B4×3 0 0

0 0 0 B5×4 B5×5


, (2)

where lines one to five represent namely the continuity, the three momentum, and the energy
equations. In the following, sub-matrices are detailed for the streamwise BiGlobal problem assuming
the flow as a mixture of gases in LTE. These sub-matrices are expressed in terms of the base-state
quantities q̄, and contain the numerical derivative operators applied to the perturbation quantities q̃

Drq̃ = ∂rq̃, Dz q̃ = ∂z q̃, Drrq̃ = ∂2r q̃, ... (3)

1 BiGlobal problem

When assuming the flow in LTE, the sub-matrices composing B are

B1×4 =
i G p

T
; B1×5 = −i F ; B2×1 = −iH p

T ζ
; B3×2 = −iH p

T ζ
;

B4×3 = −iH p
T ζ

; B5×4 = −iH hT p
T ζ

; B5×5 = iEc − iH hp p
T ζ

.

(4)

While the sub-matrices composing A are

A1×1 =
p

r
+ F pr −

GT r p

T
+Dr p; A1×2 =

i m p

r
; A1×3 = F pz −

GT z p

T
+Dz p,

(5a)
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A1×4 = −i G vmp

T r
− Gup

T r
+

2w ζT ζp p pz

ζ
2 +

w ζp p pz

T ζ
−
w ζT p p pz

ζ
− w ζT pz

ζ

− w pz
T

+
2u ζT ζp p pr

ζ
2 +

u ζp p pr

T ζ
−
u ζT p p pr

ζ
− u ζT pr

ζ
− u pr

T
− T z w ζT T p

ζ

− T r u ζT T p

ζ
+

2T z w
(
ζT
)2
p

ζ
2 +

2T r u
(
ζT
)2
p

ζ
2 +

2T z w ζT p

T ζ
+

2T r u ζT p

T ζ

− Gwz p

T
+

2T z w p

T
2 − Gur p

T
+

2T r u p

T
2 − Dz Gw p

T
− DrGup

T
,

A1×5 =
i F v m

r
+
F u

r
−
w ζp p p pz

ζ
+

2w
(
ζp
)2
p pz

ζ
2 −

2w ζp pz

ζ
−
u ζp p p pr

ζ
+

2u
(
ζp
)2
p pr

ζ
2

−
2u ζp pr

ζ
+

2T z w ζT ζp p

ζ
2 +

2T r u ζT ζp p

ζ
2 +

T z w ζp p

T ζ
+
T r u ζp p

T ζ
−
T z w ζT p p

ζ

−
T r u ζT p p

ζ
− T z w ζT

ζ
− T r u ζT

ζ
+ F wz −

T z w

T
+ F ur −

T r u

T
+Dz F w +Dr F u,

A2×1 = −λp pr
Re r

+
iH v mp

T ζ r
− T r λT

Re r
+
m2 µ

Re r2
+

2µ

Re r2
+

λ

Re r2
+
H ur p
T ζ

+Dr

(
− 2µ

Re r
− λ

Re r
−

2µp pr
Re

− λp pr
Re

+
H u p
T ζ

− 2T r µT

Re
− T r λT

Re

)
+Dz

(
−
µp pz
Re

+
Hw p
T ζ

− T z µT

Re

)
+Drr

(
−2µ

Re
− λ

Re

)
−
Dzz µ

Re
,

A2×2 = −imλp pr
Re r

− 2H v p
T ζ r

− i T rmλT
Re r

+
3 imµ

Re r2
+
imλ

Re r2
+Dr

(
−imµ

Re r
− imλ

Re r

)
,

A2×3 = Dr

(
−
µp pz
Re
− T z µT

Re

)
+Dz

(
−λp pr

Re
− T r λT

Re

)
+
H uz p
T ζ

+Drz

(
− µ

Re
− λ

Re

)
,

A2×4 = −
uλT p pr
Re r

+
GH v2 p
T

2
ζ r

− i vrmµT

Re r
− 2ur µT

Re r
− T r uλT T

Re r
− ur λT

Re r
+
i v mµT

Re r2

+
2uµT

Re r2
+
uλT
Re r2

−
wr µT p pz

Re
−
uz µT p pz

Re
−

2ur µT p pr
Re

−
wz λT p pr

Re

−
ur λT p pr

Re
− GH uz w p

T
2
ζ

− GH uur p
T

2
ζ

− T z wr µT T

Re
− T z uz µT T

Re
− 2T r ur µT T

Re

− wr z µT

Re
− uz z µT

Re
− 2ur r µT

Re
− T r wz λT T

Re
− T r ur λT T

Re
− wr z λT

Re
− ur r λT

Re

+Dr

(
−uλT
Re r

− 2ur µT

Re
− wz λT

Re
− ur λT

Re

)
+Dz

(
−wr µT

Re
− uz µT

Re

)
,
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A2×5 = −uλp p pr
Re r

−
i vrmµp

Re r
−

2ur µp

Re r
− ur λp

Re r
−
T r uλT p

Re r
− F H v2

T ζ r
+
i v mµp

Re r2
+

2uµp

Re r2
+

uλp
Re r2

−
wr µp p pz

Re
−
uz µp p pz

Re
−

2ur µp p pr
Re

− wz λp p pr
Re

− ur λp p pr
Re

−
wr z µp

Re
−
uz z µp

Re
−

2ur r µp

Re

−
T z wr µT p

Re
−
T z uz µT p

Re
−

2T r ur µT p

Re
−wr z λp

Re
− ur r λp

Re
−
T r wz λT p

Re
−
T r ur λT p

Re
+
F H uz w
T ζ

+
F H uur
T ζ

+Dr

(
−uλp
Re r

−
2ur µp

Re
− wz λp

Re
− ur λp

Re
+ 1

)
+Dz

(
−
wr µp

Re
−
uz µp

Re

)
,

A3×1 = −
imµp pr
Re r

+
H v p
T ζ r

− i T rmµT

Re r
− 3 imµ

Re r2
− imλ

Re r2
+
H vr p
T ζ

+Dr

(
−imµ

Re r
− imλ

Re r

)
,

A3×2 =
µp pr
Re r

+
iH v mp

T ζ r
+
H u p
T ζ r

+
T r µT

Re r
+

2m2 µ

Re r2
+

µ

Re r2
+
m2 λ

Re r2

+Dr

(
− µ

Re r
−
µp pr
Re

+
H u p
T ζ

− T r µT

Re

)
+Dz

(
−
µp pz
Re

+
Hw p
T ζ

− T z µT

Re

)
−
Dzz µ

Re
−
Drr µ

Re
,

A3×3 = −
imµp pz
Re r

− i T zmµT

Re r
+
H vz p
T ζ

+Dz

(
−imµ

Re r
− imλ

Re r

)
,

A3×4 =
v µT p pr
Re r

− GH u v p
T

2
ζ r

+
T r v µT T

Re r
− vr µT

Re r
− i wzmλT

Re r
− i urmλT

Re r
− 2 i umµT

Re r2

+
v µT

Re r2
− i umλT

Re r2
−
vz µT p pz

Re
−
vr µT p pr

Re
− GH vz w p

T
2
ζ

− GH u vr p
T

2
ζ

− T z vz µT T

Re
− T r vr µT T

Re
− vz z µT

Re
− vr r µT

Re
+Dr

(
v µT

Re r
− vr µT

Re

)
− Dz vz µT

Re
,

A3×5 =
v µp p pr
Re r

−
vr µp

Re r
+
T r v µT p

Re r
− i wzmλp

Re r
− i urmλp

Re r
+
im

r
+
F H u v
T ζ r

−
2 i umµp

Re r2

+
v µp

Re r2
− i umλp

Re r2
−
vz µp p pz

Re
−
vr µp p pr

Re
−
vz z µp

Re
−
vr r µp

Re
−
T z vz µT p

Re

−
T r vr µT p

Re
+
F H vz w
T ζ

+
F H u vr
T ζ

+Dr

(
v µp

Re r
−
vr µp

Re

)
−
Dz vz µp

Re
,

A4×1 = −λp pz
Re r

− T z λT
Re r

+
Hwr p

T ζ
+Dz

(
− µ

Re r
− λ

Re r
−
µp pr
Re
− T r µT

Re

)
+Dr

(
−λp pz

Re
− T z λT

Re

)
+Drz

(
− µ

Re
− λ

Re

)
,
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A4×2 = −imλp pz
Re r

− i T zmλT
Re r

+Dz

(
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Re r
− imλ

Re r

)
,

A4×3 =
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T ζ r
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T ζ
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,
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)
,
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Re
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+Dr
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−
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)
,

A5×1 = −2 iEc vrmµ

Re r
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Re r
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+
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,
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,
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A5×3 = −2 iEc vzmµ
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,
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,
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