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An unsteady flow of heat and species transport through a porous medium in an infinite movable vertical
permeable flat surface is considered. The hydromagnetic chemical reactive fluid flow is stimulated by the thermal
and solutant convection, and propelled by the movement of the surface. The formulated nonlinear flow equations
in time space are solved analytically by asymptotic expansions to obtain solutions for the flow momentum,
energy and chemical concentration for various thermo-physical parameters. The existence of flow characteristic is
defined with the assistance of the flow parameters. In the study, the impact of some pertinent flow terms is
reported and discussed. The study revealed that the species boundary layer increases with a generative chemical
reaction and decreases with a destructive chemical reaction. Also, arise in the generative species reaction term
reduces the flow momentum for the cooling surface. The impact of other flow governing parameters is displayed
graphically as well as the fluid wall friction, wall energy and species gradients. The results of this study are
important in chemical thermal engineering for monitoring processes to avoid solution blow up.
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1. Introduction

The flow of convective solutant and thermal buoyancy fluid through a porous vertical surface is
getting substantial responsiveness from several scientists because of its diverse usefulness in the area of
geophysical and cosmical sciences. Absorbent surfaces are suitable in percolation processes, in keeping the
temperature of a heated body constant and in maintaining effective heat lagging. The mass transfer
phenomena are connected with the study of the solar surface and its stellar structure [1-7]. Its source is
similar to heat difference instigated by the non-uniform temperature generation, which in various circum
stances is attributed not only to convective currents formation but also to fierce ignitions. Fluid flow over an
oscillating vertical surface has numerous technological and industrial applications. In a very essential sense,
an oscillatory motion can be seen as an expression of a transient free surface fluid motion influenced by
gravitational forces. That is, transient flow with free surface deformation can be seen as a type of oscillating
flow, Salawu et al. [8, 9]. Considering composite forces in the fluids motion, the internal motions of the fluid
particles and the geometry of the free surface show the effect of the interface between force of gravity and
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pressure force. The amplitude of the flow characteristics does not reduce except the viscous forces that acted
on it. Hence, it is essential to examine this phenomenon and its relation to an oscillatory hydromagnetic fluid
over a moving vertical permeable sheet.

The Navier-Stokes equation was firstly solved analytically by Stokes [10], the equation has to do
with the incompressible viscous fluid flow through an oscillatory horizontal wall. Turbatu et al [11]
examined an incompressible viscous liquid flow past an oscillatory boundless wall with rising or reducing
amplitude of the oscillation flow rate. Soundalgekar et al.[12] studied analytically the solution of a
convective magnetohydromagnetic flow over a wavering wall. Okedoyeand Ayeni [13] examined the
computational solution of energy and species transport in a hydromagnetic flow liquid in the presence of
Arrhenius heat generation and species reaction in an elongated vertical porous channel. Das et al. [14]
reported on the impact of energy and species transport of an incompressible conducting liquid flow in porous
media with a permeable plate. They obtained the momentum, heat field and mass fields by the perturbation
method. The Schmidt number and magnetic termdiscouraged the flow momentum distribution while the heat
source, porosity, solutant, thermal Grashof terms had an increasing influence on the flow rate profile. Other
relevant literature reports could be found in [15-19].

Currently, Rajput and Kumar [20] investigated a hydromagnetic flow with variable mass diffusion
and temperature over a moving vertical sheet. They observed that the velocity increases when the mass
Grashof number increases and decreases when the Hartmann number increases. The flow of an electrically
conducting fluid with heat species transfer model for an incompressible free convective was presented by
Moniem and Hassani [21]. They were able to establish that magnetic parameter, heavier diffusion species
slow down the velocity while an inverse porosity term enhanced the velocity. Recently, Ahmed et al. [22]
discussed transient MHD flow with the impact of first order species reaction and radiation for a viscous
liquid past accelerating walls with adaptable heat. The Laplace transform method was adopted as the solution
technique. Their investigation revealed that the fluid flow rate diminishes as the area adjacent to the wall and
the rate of heat transfer reduce radiation absorption. While Chen et al. [23] studied the impact of a coupled
electromagnetic flow in the fluid metal fusion manifold of a blanket. The work of [24, 25] discussed the
unsteady flow of mass and thermal convection for a MHD fluid flow through saturated media embedded in
an inclined accelerated exponentially permeable plate. They used the Laplace transform to obtain the
solution. The result helps understand the dragging force effect on the cooled/heated inclined plates. In their
study, Hemamalin and Kumar [26] analyzed the effect of the unsteady viscous liquid flow over a porous
infinite uniformly moved vertical plates through porous media with adaptable heat using analytical methods.
They observed that the flow momentum decreases with rising values of modified buoyance forces while the
heat field rises with the enhancing time variation. The exact results for a single dimensional viscous fluid
flow in an unsteady laminar MHD boundary layer flow past an unbounded exponentially moved wall in the
existence of a perpendicular magnetic field was obtained by [27-30]. The analytical results for the non-
dimensional boundary layer are obtained by the Laplace transform method. It was observed that the flow rate
is encouraged with rising porosity and Grashof number terms, and diminishes with enhancing values of
radiation and magnetic terms.

The present study examines the flow of chemical diffusion in a porous medium with thermal and
species convection in a vertical medium. The transient thermal chemical reactive flow solution with
boundary layers over an infinite vertical moving permeable surface is analytically provided. With chemical
species, heat absorption and suction, the surface moves in its own plane. The parameter dependent solutions
are obtained using perturbation techniques. The results are graphically demonstrated for the embedded terms
and quantitatively discussed with physical implication. The study will contribute to the thermal science,
chemical engineering and technology and help understand the safe and unsafe conditions of thermal
molecular reactive diffusion in order to avoid solution blow-up.

2. Formulation of the problem

The buoyancy gravity forces along with the Navier—Stokes equation describe the flow fluid motion
under consideration. The gravity is affected by the inviscid flow equation and this can be represented in the
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wave equation form. Consider an incompressible, unsteady conducting liquid flow over a moving permeable
flat wall (Fig.1). The x-axis is taken along the upward vertical direction of the flat sheet and it is assumed
that the y - axis is normal to the upward direction of the wall. Suppose correspondingly, u and v are the flow
momentum modules in the direction of the x- and y - axes. Taken that the flat surface is in motion with
velocity u = vy in its own plane at time =0, and at time ¢ > 0, the velocity grows to a finite velocity u =v,,.

In vector form, the governing continuity, momentum, energy and species equations are respectively
expressed as

VV=0, (2.1
p(V-V)V:—Vp+uV2V+p(JxB)—%V, (2.2)
pCp(V -V)T =kV’T -V -q+0, (2.3)
(V-V)C=DV’C—-R (2.4)

where V' is the fluid velocity vector, K is the Darcy porous term, g denotes the thermal radiation, Q is the
heat source or sink, R represents the chemical reaction and J is the current density which can be defined as
J= G(E +VxB—-Jx B) and B= (O,B(x)). Here, E 1is the electric field and o denotes the electric

conductivity.
Applying Darcy’s law for porosity, the unsteady equations for the flow rate, energy and
concentration balance in a boundary layer flow are described as
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Fig.1.The flow schematic geometry.
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or or _ k &T 0

(T T) (2.7)
ot ay pc, ay pcp
2¢
a—C+ aC—Da——R(C C) (2.8)
ot 8y ay

On ignoring the dissipation Joule heat, the boundary conditions take the form

u=0, T=T,, C=C, forall y, <0,

u=vy,, v=-v,, T=T, +e”, C=C, +e™, y=0, >0, (2.9)

as  y—ooo, t>0.

From Eq.(2.5) to Egs (2.9), v( y,t) =-V, (1 + feimt) is defined for simplification of the equations.
Applying the subsequent variables

2 2
4
uv:L, t':&, yl:va’ A'—v—g, Qv_ ona
Vi, 4v v y V)
(2.10)

4o c-C, T-T,

:_27 o= 0= )
VO CW_COO TW_TOO

where the physical quantities maintain their respective meaning.
With the aid of Eq.(2.10) and on dropping primes ('), the equations governing the flow Eqs (2.6) —

(2.9) together with the boundary conditions become

1 du o\ Ou %
ZE-(I-FSQ )5—$+GT(O+N@) (kp-l—M)M, (211)
2
E@—P (] 1mt)66_6 ? Prgo, 2.12)
4 ot oy oy
2
&a_(p—sc(1+8’“’t)a(p L) —aSco, (2.13)
4 ot Oy 8y

u=vy(l+e), 0=1, ¢=1, forall y, <0,
u=1, 0=I+ed”, o=Il+g”, y=0, (>0, (2.14)

u—>0, 650, ¢©—>0, as y—oow, >0
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where all the emerging terms are described as follows

2
N:BT(TW—TOO)V’ Gr:gBC(Cv;—Cw)v’ M:GBO2V,
BC (CW - COO) pvyiy, PYo
(2.15)
2
c
:#, Pr:“—p, B:ZQ—U, Sc=—, a:R—;).
% k ViPC, D vy

3. Method of solution

Unfortunately, it is challenging or not possible to get a general solution for the problem.
To obtain solution to the dimensionless Eqs (2.11) — (2.13), a perturbation method in series expansion is
adopted with the limit € for the reliant variables. It is necessary because ¢ is small; thus we write according
to Okedoye and Salawu [31]

u(y,t)=uy (y)+ee" u,(»)+0(") +....,
0(»,1)=0, (¥)+ee™ 0,(y)+0(e°)+...., (3.1)

H(y,t)=H, (y)+ee" H,;(y)+ 0o (e’)+....

Using Eqs (3.1) in Egs (2.11), (2.12) and (2.13) and then equating the harmonic and non-harmonic
terms, and ignoring the terms with the coefficient of € > 2, the mean motion state and the unsteady flow
state of the governing equations are obtained as

2
d—eZ”+Pr&—PrB9=0,
dy dy
3.2)
0,(0)=1, 0,)(y)>0 as y—oo,
2
d—(g”+8c&—8ca(p0 =0,
dy dy
3.3)
op(¥)=1 at y=0 ¢y(y)>0 as y-—-ox,
W+W_(M +kp)u0——Gr(N60—q)0),
3.4)

uy(y)=0 at y=0, ug(y)=>0 as y—->o,
and



Transient heat and mass transfer of hydromagnetic ...

180

2 .
%wLPr%—Pr(?—B)G,:O,
y y

Gl(y)zeiwt at y=0, 0,(y)>0 as y—o o,

2 .
e ([;1 +Sc—d(p1 =Sc(ﬁ+aj(p1 +Sco,,
dy dy 4

o;(y)=1 at y=0, ¢,;(y)>0 as y—oo,

2 .
iiyuzl +2—L;—(M2 +k, +§)u1 =k,uy—u'y—Gr(NO; —9,),

u;(y)=0 at y=0, u;(y)—>0 as y—>oo.

(3.5)

(3.6)

(3.7)

These equations are then analytically solved to get the momentum, concentration and heat field

solution. Hence, Eqs (3.2) — (3.7) have the following solutions

(PO (y) ze_mya e() (y):e—ny, u() (y) =a0 e—'y +a] e_”y +a2 e_mya

o, (¥)=ay e +aze ™,  0,(y)=ase™ +ase™,
u;()=a,e M +age™ +age™ +a e ™ +a e va e
where
n =§(Pr+«/Pr2—4PrB), s=§(Pr+\/Pr2 - 4Pr([3 —?)J,
m =§(Sc+«/802+48ca), Xzé[Sc+\/Sc2+ 4Sc(a+§j] ,
r—i(1+,/1+4(M+k )) L Jrva Mk, <22
2 r)) L 2 P 4 5
with
—-NGr Gr
aOZVO_a]_az, a1: a, =

nz—n—(M+kp), ? mz—m—(M+kp)’

mSc nPr
asz= @)’ ay=I-a;, as= N
mZ—mSc—Sc(a+l4j nz—nPr—Pr(B—lj)

(3.8)

ag=1-as,
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ag(k, +r)
a,=Vy—(ag+ag+ajg+ay +a;), ag= £ .
r2—r—(M+kp+j
4
a;(k, +n)—asNGr a,(k, +m)—a;Gr

9= o)’ aj= o)’
rZ—r—(M—i-kp—i-) mz—m—(M+k +j
4 g

—asNGr —-a,Gr
ap= N ap2= N
2 1® 2 1®
S —5— M+kp+7 A —A— M+kp+?

In Eq.(3.8), the functions u, ( y) , 0 ( y) and @, ( y) are respectively the mean flow rate, energy and

mass distributions; and u,(y), 8,(») and ¢, () denote the oscillatory momentum, heat and species fields.
On using Eq.(3.8) in Eq.(3.1), the expected equations for the flow rate, heat and concentration are

u(y,t)=apge ™ +a;e +a,e ™ +

_ 3.9

+ e’ (a7 e vrage” +age ™ +a e +a”efsy+a,2e7>‘y),
0 HN=e v 2iot -8y -ny 3.10
(y, )—e +ge age  +ase , (3.10)
(p(y,t)ze_my+862imt(a4 e +a; e_my). (3.11)

Having obtained expressions for velocity, temperature and concentration, we then use a computer
software package (Maple) to build up the imaginary and real parts, but the real part (our interest) of
concentration, temperature and velocity are given as follows

R() =" +&(f;cos(wr)— frsin(wr)) or  R($)=e™ +e| fi;|cos(wt+a,),
%(9) =e +g(g1 cos(mt)—g2 sin(cot)) or 9‘{(9) —e ™ +g|g;, |cos(cot+oc2),
R(u)=ape™ +a,e™ +a,e™ +&(h;cos(or)—hysin(owt))

or
R(u)=ase™ +ae”™ +ae”™ +e|hy,|cos(orf + o)

where the fluctuating parts are given by the expressions

fi=be™ +e MM (b3 cos(yh,)—b, sin(ykz)) ,

fr=be™ —e M (b2 cos(yh,)+bs sin(ykz)) ,
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gy =be™™ +e7 (bgcos(ys,)—bssin(ys;))
g,=bse™ —e I (b5 cos(ys,)—bs sin(ysz)) ,

h[ = b7€_’y + bge_ny +b116_my + e_ySI (b13 COS(ySZ) _b14 (yS2)) +

+e 1 (byscos(yh,y) = bygsin(yh,))+e M (b, cos(ym, ) - bygsin(yuy)),

h2 = b8e_’y +bloe_ny +b12€_my _e_ysl (b14 COS(yS2)+b13 (ySZ)) +

—e M (bM cos(yA,)+byssin(yh,))—e M (b18 cos(yu,)—by; Sin(yuz))-

The amplitude |f12|=\/f12+f22, g12|=\jg12+g§,

temperature and velocity respectively are

h12|:«lh12+h22 and phase of concentration,

tanﬂlzi, taanzﬁ and tanQ3=h—1.

2 82 h,

Skin-Friction: From the momentum field, the skin-friction is studied which is given as

T _H@
s f dy

1 d2
f
— =——u(yt
Cf PUuVe dyz (y )

y=0 y=0

The equation is transformed using the dimensionless quantities in Eq.(2.10) to have

. _{auj
ST A, :
oy =0

Then
Cp=—agr—am—a;n + g’ (—a,p; —agr—agn+aym+a;;s+ag,h), (3.12)
T=—a,m—an —a0r+f(11 cos(ot)—1; sin(mt))

or
T=—aym—an—agr+e|t,|cos(wt + o)

where

Ty =—rb; —nbg —mb;; —b;35; —byyS; —bysh; —bjgh; - b17p1 —bghz,
Ty =by38; +bjghy —bysy —rbg —nbyy +byys; = byshy +bygty —mby; .

The skin friction amplitude is t;, = (rf + rg) and the phase is given by tan o, =2 .

17

Nusselt number: From Fourier's law, the heat gradient at the wall is obtained with the aid of the
dimensionless variables of Eq.(2.10) as follows
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4V —d dT
Nu=— Q¥ G g - g
(T,—T,)Kv, dy ( )yo ¢ dy|,_,
Hence,
Nu = —n—ee”™ (sag +nas), (3.13)
Nu=—n+¢(Nu,cos(wr)—Nu,sin(wr))  or  Nu=—n+¢|Nuy,|cos(or +as)
where

Nu; =—nb, —bss, —bgs; and  Nu, =—nbs, —bs, .

The amplitude is Nu,, =V (Nuf + Nuﬁ) and phase of the Nusselt number tano s = &

Nu;,

Sherwood number: The ratio of the scale length to the diffusive boundary layer viscosity is called the wall
mass transfer known as the Sherwood number which is defined as

Sh= Jo v - —i(p(y,t) ,  Jy=— @ which implies
(Cm —COO)DVUJ dy =0 V=0
Sh = —m—ee”™ (Lay +mas), (3.14)

Sh=—m+¢(Sh,cos(wr)—Sh,sin(wr)) or  Sh=—m+eSh,,cos(wr+ay)

where
Sh, =—mb, —byk,—b;\; and  Sh,=—mb,+b,\; —bs\,.

The amplitude of Sh is |Sh12| = \/(Shf + Shg) and the phase tana, = 2% .

1
4. Discussion of results

The flow of transient energy and concentration transport over a boundless moving vertical permeable
flat sheet with chemical reaction, heat absorption/generation and suction has been formulated and solved
analytically by asymptotic expansions. To get the influence of some entrenched terms on the reactive fluid
flow, the subsequent description is considered. The default Prandtl number values is taken as Pr = 0.71
(plasma). The default Schmidt number value is picked as (0.60) to denote the water vapour. All emerging
terms are mainly selected as follows: Gr=04,N=0.3, M =0.5, kp =0.2,a=05, P=0.15,

Vy=0.5,6=0.2, o and ¢ were carefully chosen so that wf=mn/2 except otherwise stated in each graph.

The influence of each term on the mass, energy and flow rate distributions is displayed graphically. It should
be noted that Gr >0 and Gr <0 depict the cooling and heating surface, respectively. Also, <0 and o >0
represent generative and destructive chemical reactions, respectively. While f <0 and B >0 indicate heat

generation and heat absorption, respectively.
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4.1. Concentration distribution

The flow concentration field with the existence of external species, like water vapour, is illustrated in
Figs 1-3. The flow is influenced by two terms, that is the chemical reaction term (o ) and Schmidt number
(Sc). In the analysis, the Schmidt number is chosen as 0.60, thus the only parameter that affects the
concentration distribution is o . The mass distribution is largely impacted by the external species. A study of
Fig.1 shows that the mass distribution diminishes quicker than the reaction parameter (o ) increases. The
concentration boundary layer increases with increasing values of the chemical generative and decreases with
rising chemical destructive term. Thus, a high chemical reaction parameter (destructive reaction) indicates a

quicker decline in the flow mass. Figures 2 and 3 depict the behaviour of the fluid amplitude | fi 2| and phase
tanQ; of concentration profiles by varying the chemical reaction parameter. The flow concentration
enhances with a rise in the chemical generative term (oc < 0) and diminishes for the chemical destructive
term (oc > 0) . Additionally, the phase of concentration oscillates repeatedly during which the effect reverses.

This physically holds because when « is positively large, more chemical species are consumed.
4.2. Temperature field

The influence of 3 on the flow heat distribution is depicted in Figs 4-6. Figures 4 and 5 show that an

increase in the absorption heat leads to rises in the flow bulk heat profile and the temperature amplitude
while an increase in the heat generation lowers the bulk temperature field. Therefore, plate cooling occurs
quicker as the heat generation term rises. Hence, it can be established that heat generation causes faster plate
cooling. The temperature boundary layer declines as the flowing fluid moves far from the surface, its
asymptotically approaches zero as it moves further from the sheet, and the heat increases due to an increase
in the heat absorption. Thus the higher boundary layer occurs when heat generated

1
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=
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=
=

=
b

Transcient Concentration

=

Fig.1. Variation of transient Fig.2. Amplitude of concentration
concentration for various values of o . profiles (| fi 2|) .
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to the surrounding reduces. Figure 6 illustrates the effect of the reaction parameter on phase concentration.
The phase temperature is enhanced as heat is generated within the system. It is worth mentioning that heat
absorption reduces the fluid temperature inside the flow boundary layer. This is because diffusion of heat
from the fluid dynamics to the ambient produced lower bulk temperature.

4.3. Velocity field

The flow rate distribution is considered to varyless or more with the variations in the flow
dependence terms. It should be mentioned here that the buoyance ratio N >/ implies that the thermal
buoyance dominates while 0 < N <[ implies that the mass buoyance dominates, and that N positive and
N negative denote plate cooling and plate heating, respectively. The curves of Fig.7 show that an increase in
the limiting surface velocity enhances the flow momentum profile. It is also observed that arise in the surface
limiting velocity also increases the velocity boundary layer. The momentum fields against the position y for

various values of heat generation/absorption (B) are displayed in Fig.8. The curves show that rising in the
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generation heat (B < 0) encourages the flow rate profile, while an increase in the heat absorption ([3 > 0)
brings about a decrease in the flow momentum field. One interesting inference of this finding is that
maximum velocity is the surface velocity. The effects of the Grashof number (Gr) on the fluid flow are

shown in Fig.9. The curves show that the mass buoyance number accelerates the fluid flow. Looking at the
plot in Fig.9 more critically, it is seen that the difference in the flow velocity is highly significant with
increasing mass buoyance force for the heated plate. For heating plate, maximum momentum profile close to
the plate is observed for the rising values of Gr. In Fig.10, the flow velocity decreases as the term M
increases. It is due to the effect of drag force (Lorentz force) that resists free movement of the fluid particles
which in turn decreases the momentum distribution. The highest velocity is attained when this resistive type
of force is zero, thatis M =0.

[
-
T

B2 1.6
- h
E 1ol E 1.44-

5 S12 Y,
=08 =N
z 0.6 208
T [k}
w44 o 0.6
E = 0.4
e 02 E 02!

e o . i
0 0.3 1 135 2
y

— V=02 ——V,=05 —— (=017, —— [=-0.05.
..... \,f'l:lzll[:]_-—'l,,-"l_:lls ””.Bz'[}jﬂ-._._ﬁz'j[}:
Fig.7. Transient velocity profiles for Fig.8. Transient velocity profile for

various values of V. various values of B.

B Eos

E =

= =

= =

= o

3 =

E E

¥
- — M=0.0,——M= 05,

""" Gr=05, — — Gr=275, e M=135 —-— M=3735,

Fig.9. Transient velocity profiles for Fig.10. Transient velocity profiles for
various values of Gr . various values of M.

4.4. Rate of mass transfer, heat flux and skin friction

The wall mass transfer rate, temperature flux and fluid wall friction respectively described as the
Sherwood number (Sh), skin friction (cf) and Nusselt number (Nu) are displayed in Figs 11-16 for some
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parameter values. Figures 11 and 12show the impact of the reaction term on the amplitude |Sh y 2| and mass

gradient Shat the surface, respectively. The figures show that an increase in a generative reaction diminishes
both the amplitude and mass gradient at the plate surface, while a destructive chemical reaction brings about
an increase in the amplitude and concentration gradient at the surface. The amplitude of the transient heat
gradient is seen to rise with a rise in the heat source term, either during heat generation or absorption process
as depicted in Fig.13. The phase of temperature flux at the surface diminishes with a rise in both heat
generation and absorption. Further, the phase of energy transport at the wall decreases as oscillating
frequency increases for heat absorption as shown in Fig.14, while it increases with oscillating frequency for
heat generation till it reaches a steady state. The skin friction is plotted against free stream oscillation for
some selected flow parameters in Figs 15 and 16. It follows from Fig.15 that a rise in the value of M reduces
the skin friction. Also, the skin friction is lower for a generative chemical reaction and higher for heat
generation when compared with heat absorption case as shown in Fig.16.
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for various values of 3.
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Conclusions

The transient flow of heat and mass transfer over an infinitely moved vertical permeable flat surface

with chemical reaction, heat absorption/source and suction in a porous medium has been formulated and
solved analytically by asymptotic expansions. The study revealed the subsequent physical interpretation and
conclusions on the flow momentum, energy and mass distributions:

flow concentration enhances with a rise in the chemical generative reaction and diminishes for the
destructive chemical reaction.
an increase in the heat absorption increases the temperature field while an increase in the heat generation
enhances the temperature field.
a rise in the heat generation increases the velocity of the flow field, while an increase in the heat
absorption brings about a decrease in the velocity of the flow field.
the phase of heat transfer at the wall diminishes with an increase in both heat generation and absorption.
an increase in the buoyance ratio is observed to increase the velocity boundary layer.
enhancing the reaction parameter brings about an increase in the mass transfer rate at the wall.

The flow reaction needs to be adequately controlled and monitored to avoid system blow up. As a

result of some heat generation terms, the chemical reaction rate should be guarded.

Nomenclature

A — coefficient of permeability
C — concentration of the fluid
C, - free stream species
D — species diffusivity
Gr — heat Grashof

g — gravity
k — heat conductivity
k, — porosity

M — magnetic field

— mass Grashof
Pr — Prandtl number
Sc¢ — Schmidt number
T — fluid temperature
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— free temperature
o — chemical reaction
B — heat sink/source
B, — expansion mass volumetric
B. — expansion heat volumetric
p — fluid density
v — fluid viscosity
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