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Erratum: High-order algorithm to 
simulate thermal convection for a 

thermo-dependent viscoplastic fluid flow
It has come to the attention of the publisher that article Al-Bahrani, B.K. and Al-Muslimawi, A.H. 
(2025), “High-order algorithm to simulate thermal convection for a thermo-dependent 
viscoplastic fluid flow”. International Journal of Numerical Methods for Heat and Fluid Flow, 
Vol. 35 No. 9 pp. 3322–3345, https://doi.org/10.1108/HFF-02-2025-0115, had errors in several 
equations with incorrect brackets/parentheses, overlapping numbers, extra symbol within the 
mathematical and inline equations only in the PDF version of the article which is now corrected.

The table below provides details of the affected equations which have now been corrected 
in the PDF: 

Equation no. Incorrect equation Correct equation

(1) ∇:u = 0; ψ ∇.u = 0,

(2)
∂up
∂tp

= p
1

Rep
∇:τp − Rep u:∇ð Þu − ∇; ψ

∂u
∂t

=
1

Re
∇ � τ − Re u �∇ð Þu − ∇p
� �

;

(3)
∂T
∂tp

= p
1

Pep
∇2Tp − Pep u:∇ð ÞT + Brp τp:∇uð Þ:ψ

∂T
∂t

=
1

Pe
∇2T − Pe u:∇ð ÞT + Br τ : ∇uð Þ
� �

:

(4) τ = μ _γð Þγ � ψψ τ = μ _γð Þ _γ :

(5) τ =
μp + τ0

jγj 1 − ep − ajγjð Þ
� �� �

_γ ����jτ j> τ0; ψ

_γ = 0�����������������������������������������jτ j≤ τ0; ψ

8
<

:
τ =

μp + τ0
j _γj 1 − e − ajγ̇jð Þ½ �

� �
_γ ����jτ j> τ0;

_γ = 0������������������������������������������jτ j≤ τ0;

8
<

:

(6) μ = epb T − T0ð Þμ γð Þ � ψψ μ = e − b T − T0ð Þμ _γð Þ:

(7)
∂

∂tp
+ p

1
Ma2 ∇ � uð Þ= 0; ψψ

∂p
∂t

+
1

Ma2 ∇ � uð Þ= 0;

(8)
∂

∂tp
+ ξp + p

1
Ma2 ∇ � uð Þ= 0; ψ

∂p
∂t

+ ξp +
1

Ma2 ∇ � uð Þ= 0

(9) u
m +

1
2 = um + p

Δtp
2Rep

− Re um �∇ð Þum 

+ p
1
2

∇ � τ
m +

1
2 + ∇ � τmp − ∇m; ψ 

u
m +

1
2 = um +

Δt
2Re

− Re um �∇ð Þum +
1
2

∇ � τ
m +

1
2 + ∇ � τm

� �

− ∇pm

 !

;

(10) T
m +

1
2 = Tm + p

Δtp
2Pep

− Pe um � ∇ð ÞTm +
1
2

∇2T
m +

1
2 

+ ∇2Tm + Br r mp : p∇umð Þ  ; ψ 

T
m +

1
2 = Tm +

Δt
2Pe

 

− Pe um � ∇ð ÞTm +
1
2

∇2T
m +

1
2 + ∇2Tm

� �

+ Br τm : ∇umð Þ

!

;

(11) m +
1
2

= p
mp −

Δtp
2Ma2 ∇ � u

m +
1
2

� �

1 + p
ξΔtp

2

; ψ p
m +

1
2 =

pm −
Δt

2Ma2 ∇ � u
m +

1
2

� �

1 +
ξΔt
2

;

(12) um + 1 = um + p
Δtp
Rep

− Repu
m +

1
2 � ∇u

m +
1
2 + p

1
2 

∇ � τm + 1 + ∇ � τmð Þ− ∇
m +

1
2; ψ 

um + 1 = um +
Δt
Re

− Re u
m +

1
2 � ∇

� �

u
m +

1
2 +

1
2

∇ � τm + 1 + ∇ � τmð Þ− ∇p
m +

1
2
!

;

0

@
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(13) Tm + 1 = Tm + p
Δtp
Pep

− Pepu
m +

1
2; ∇T

m +
1
2 +

1
2

∇2Tm + 1ð

+ ∇2Tm pÞ+ Brpt
m +

1
2 ; p∇u

m +
1
2; ψ 

Tm + 1 = Tm +
Δt
Pe

0

B
@− Pe u

m +
1
2 � ∇

� �

T
m +

1
2 +

1
2

∇2Tm + 1 + ∇2Tmð Þ

+ Br τ
m +

1
2 : ∇u

m +
1
2

� �1

C
A;

(14) m + 1 = mp − Δtp ξp
m +

1
2 + p

1
Ma2 ∇ � um + 1ð Þ:ψ pm + 1 = pm − Δt ξp

m +
1
2 +

1
Ma2 ∇ � um + 1ð Þ

 !

:

(15)
2Re
Δtp

M + p
1
2

SupΔu
m +

1
2 = p − Sup + ReN umð Þump + L⊤ m; ψ

2Re
Δt

M +
1
2

Su

� �

Δu
m +

1
2 = − Su + ReN umð Þ½ �um + L⊤pm;

(16)
2Pep
Δtp

M + p
1
2

STpΔT
m +

1
2 = p − PeN umð Þ

+ STpTmp + BrΦ umð Þ; ψ 

2Pe
Δt

M +
1
2

ST

� �

ΔT
m +

1
2 = − PeN umð Þ+ ST½ �Tm + BrΦ umð Þ;

(17) Mp
m +

1
2 = p

Mmp −
Δt

2Ma2
Lu

m +
1
2

1 + p
ξΔtp

2

; ψ Mpp
m +

1
2 =

Mppm −
Δt

2Ma2 Lu
m +

1
2

1 +
ξΔt
2

;

(18)
Rep
Δtp

M + p
1
2

SupΔum + 1 = p − Suump − ReNpu
m +

1
2u

m +
1
2 + L⊤ m +

1
2; ψ

Re
Δt

M +
1
2

Su

� �

Δum + 1 = − Suum − ReN u
m +

1
2

� �

u
m +

1
2 

+ L⊤p
m +

1
2;

(19)
Pe
Δtp

M + p
1
2

STpΔTm + 1 = p − PeNpu
m +

1
2T

m +
1
2 − ST Tmp 

+ BrΦpu
m +

1
2; ψ 

Pe
Δt

M +
1
2

ST

� �

ΔTm + 1 = − PeN u
m +

1
2

� �

T
m +

1
2 − ST Tm 

+ BrΦ u
m +

1
2

� �

;

(20) M Δpm + 1 = p − ΔtpξMp
m +

1
2 −

1
Ma2 Lum + 1; ψ MpΔpm + 1 = − Δt ξMpp

m +
1
2 −

1
Ma2 Lum + 1

 !

;

(21)
2Rep
Δtp

M + p
1
2

SupΔu
m +

1
2 = p − Sup + ReN umð Þump 

+ L⊤ m; ψ 

2Re
Δt

M +
1
2

Su

� �

Δu
m +

1
2 = − Su + ReN umð Þ½ �um + L⊤pm;

(22)
2Pep
Δtp

M + p
1
2

STpΔT
m +

1
2 = − PeN umð Þ− STpTm 

+ BrΦ umð Þ; ψ 

2Pe
Δt

M +
1
2

ST

� �

ΔT
m +

1
2 = − PeN umð Þ− ST½ �Tm 

+ BrΦ umð Þ;

(23)
Rep
Δtp

M + p
1
2

SupΔu$ = p − Suump 

− ReNpu
m +

1
2 u

m +
1
2 + L⊤ mp; ψ 

Re
Δt

M +
1
2

Su

� �

Δu$ = − Suum − ReN u
m +

1
2

� �

u
m +

1
2 

+ L⊤pm;

(24)
Pe
Δtp

M +
1
2

STpΔTm + 1 = p − PeNu
m +

1
2T

m +
1
2 − ST Tmp 

+ BrΦpu
m +

1
2; ψ 

Pe
Δt

M +
1
2

ST

� �

ΔTm + 1 = − PeNu
m +

1
2T

m +
1
2 − ST Tm + BrΦ u

m +
1
2

� �

;

(25) KΔpm + 1 = p −
2Re
Δtp

Lu$; ψ KΔpm + 1 = −
2Re
Δt

Lu$;

(26)
2Re
Δtp

M pum + 1 − u$
� �

= L⊤Δpm + 1; ψ
2Re
Δt

M um + 1 − u$ð Þ= L⊤Δpm + 1;
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On page 3325, the incorrect equation Re = p ρU2 − nDnp

μ0
; Pe = p ρCpUlp

kp ; Br = p μ0U2

kΔTp ; has been 
corrected to Re = ρU2 − nDn

μ0
; Pe = ρCpUl

k ; Br = μ0U2

kΔT ; .
On page 3326, the incorrect equation τp, γp, jγj=

ffiffiffiffiffiffiffiffi
1
2 Πγ

q

=
ffiffiffiffiffiffiffiffiffiffiffiffi
1
2 γ : γ

q� �

, 

f = p τwp
1
2ρu2

e
= p DΔp

2lρu2
ep
; Nu = p HxD

k : has been corrected to τ, γ. j _γj=
ffiffiffiffiffiffiffiffiffi
1
2 Π _γ

q

=
ffiffiffiffiffi
1
2 _γ

q

: _γ
� �

, 

f p = τw
1
2ρu2

e
= DΔp

2lρu2
e
; Nu = HxD

k : respectively in the PDF.
On page 3327, the below equations in the steps 1 and 2 for Continuity equation, 

Momentum equation, Energy equation has been corrected in the PDF:

Continuity equation Momentum equation Energy equation

m +
1
2 ¼ pmp −

Δtp
2

ξpmp +
1

Ma2 ∇ � umð Þ  ;

m + 1 ¼ mp − Δtpξp
m +

1
2 + p

1
Ma2 ∇ � umð Þ  

u
m +

1
2 ¼ um + p

Δtp
2Rep

− Re um �∇ð Þum + ∇ � tmp − ∇m;

um + 1 ¼ um + p
Δtp
Rep

− Repu
m +

1
2∇u

m +
1
2 + ∇ � τ

m +
1
2 − ∇m

� �� �

�

T
m +

1
2 ¼ Tm + p

Δtp
2Pep

− Pe um �∇ð ÞTm 

+ ∇2Tm + Br τmp : p∇umð Þ;

Tm + 1 ¼ Tm + p
Δtp
Pep

− Pe um �∇ð ÞT
m +

1
2 

+ ∇2T
m +

1
2 + Br τmp : p∇umð Þ:

On page 3329, the below incorrect inline equations have now been corrected in the PDF:

Mij = p

ð

Ω

ψiψjrdΩ; Mpij = p

ð

Ωp

ϕiϕjrdΩ; Nij uð Þ= ρ

ð

Ωp

ψipul
kψlp

∂ψj

∂xk
rdΩ;

�
0

@

ψψ Lkð Þij = p
ð

Ω
ϕi∇kψjrdΩ; Suð Þij = Slqð Þijp + Vlqpð Þ

ij
; ψ STpð Þij 

= ρ

ð

Ω

∇ψi � ∇ψjp +
ψip

rp
∂ψ
∂rp

rdΩ;
�

Φi = p
1
2

ð

Ωp

μ γð Þip
∂ψqp

∂xkp
uqp

l + p
∂ψq

∂xl
uqp2

kp + 2
ψq

r
uqp

rp
2

" #

rdΩ; k; l = 1; 2:
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∇ψip =
∂ψip

∂rp
;

∂ψi
∂zp

⊤
;

Slqð Þij = p

ð

Ωp

μ γð Þ�χlkp
∂ψip

∂xkp

∂ψjp

∂xkp
rdΩ; ψif pl = q; Slqbð Þij = p

ð

Ωp

μ γð Þ  
∂ψip

∂xqp

∂ψj

∂xl
ÞrdΩ; ψif pl ≠ q;

χlk = 2if pl = k and 1 if pl ≠ k; ψ

Vlqbð Þijp = p
2ψiψj

r2 ; ψif pl = q = 1; Vlqð Þij = 0; ψif pl≠q; suchthat l; k; q = 1; 2 

On page 3330, the below incorrect inline equations have now been corrected in the PDF:

Δum + 1
2 = um + 1

2 − um; Δum + 1 = um + 1 − um; Δpm + 1 = m + 1 − m; ψ

ΔTm + 1
2 = Tm + 1

2 − Tm; ΔTm + 1 = Tm + 1 − Tm � ψ 

Kij = p
ð

Ωp
∇ϕi � ∇ϕjrdΩ � ψ
�

On page 3331, the incorrect inline equations ur = 0; uz = uf ully − developed rð Þ � ψ, usp = 
βsτrzjwall � ψ have been corrected in the PDF.

Additionally, on the first line of page 3332, “620 triangular” is corrected to “1620 
triangular”.

This error was introduced during the article publication process, for which the publisher 
apologises.
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