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HIGHLIGHTS

This article deals with the mixed convection flow between two vertical parallel plates with the
effect of g-jitter. Newtonian heating is considered on the left wall of the plate. The governing
equations of heat and mass transfer are modelled in the Cartesian coordinate system with the
effect of g-jitter. Non-dimensional variables are used to transform the governing equations
together with the boundary layer condition. Separation of variables method are applied to
provide the exact analytical solutions for the velocity, temperature and concentration profiles.
The obtained solutions are computed to produce the graphical results. It is showed that due to
an increasing value of wall temperature and thermal conjugate parameter, the fluid temperature
increased. As wall concentration increases, the fluid concentration also increased. Meanwhile,
the velocity increasing as mixed convection and thermal conjugate parameter increased.
Contradict, the velocity decreasing as the value of buoyancy ratio and frequency increased.
___________________________________________________________________________

GRAPHICAL

ABSTRACT

______________________________________________________________________________________________________________________________________________________

RESEARCH OBJECTIVES
Space experiments have revealed unknown effect on earth which is g-jitter or residual
acceleration phenomena associated with the microgravity environment. g-Jitter is the inertia
effects due to quasi steady, oscillatory or transient accelerations arising from crew motions and
machinery vibrations in parabolic aircrafts, space shuttles or other microgravity environments
(1). g-Jitter gives additional effect on material processing in microgravity environment which
interact the density gradient and result in both fluid flow. It is important to understand the effect
of g-jitter to design and maintaining the cooling board of a system to prevent such overheating
cause problem like explosion in practical application (2).
Therefore, the main objective of this research is to investigate the effect of Newtonian heating
and g-jitter towards mixed convection flow between two parallel vertical plates motivated by
Hayat (3). In particular, this research is being proposed to expand the following works by
Sharidan (4) which investigate analytically the effect of g-jitter on mixed convection flow in
two vertical parallel plates with constant wall temperature boundary condition. Therefore, on
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the present study, this project mainly focused on the analytical study of the g-jitter effect of
heat and mass transfer by mixed convection flow between two parallel plates.

M ATERI ALS

AND

METHODS

An incompressible fluid which unsteadily flows between two vertical parallel plates with
width, ℎ is considered. Assuming at time 𝑡 = 0, the flow is at the constant temperature and
concentration, 𝑇0 and 𝐶0 and has the mean velocity, 𝑢0 and pressure, 𝑝0 . The axial velocity 𝑢,
and the fluid temperature and concentration, 𝑇 and 𝐶 are assumed to be functions of 𝑦 plus
function of time 𝑡. Based on the assumptions, the initial and boundary layer conditions
governing the mixed convection flow containing the equation of motion, energy and mass
equations. It is then being transformed using appropriate non-dimensional variables and turned
into the following forms.
𝜕𝑈
𝜕𝑃 𝜕 2 𝑈 𝐺𝑟
(1)
=−
+
+
∙ 𝑔(𝜏) ∙ [𝜃 + 𝑁𝜑],
𝜕𝜏
𝜕𝑋 𝜕𝑌 2 𝑅𝑒
𝜕𝜃
1 𝜕 2𝜃
(2)
=
,
𝜕𝜏 𝑃𝑟 𝜕𝑌 2
𝜕𝜑
1 𝜕 2𝜑
(3)
=
𝜕𝜏 𝑆𝑐 𝜕𝑌 2
for
𝜏 < 0: 𝑈 = 0, 𝜃 = 0,
𝜑 = 𝜑0
0<𝑌<1
𝑈 = 0,

𝜏 ≥ 0:

𝜕𝜃
= −𝛾(𝜃 + 1),
𝜕𝑦

𝜑 = 𝑟𝐶

at

𝑌=0

(4)

at
𝑈 = 0, 𝜃 = 0,
𝜑 = 𝜑2
𝑌=1
Seperation of variables method is used to solve the equations. Equations (1) to (3) have the
solution of Equation (5), (6) and (7).
(5)
𝜑(𝑌, 𝜏) = 𝑟𝐶 + (1 − 𝑟𝐶 )𝑌
𝑟𝑇 (1 − 𝛾𝑌) + 𝛾(1 − 𝑌)
(6)
𝜃(𝑌, 𝜏) =
1−𝛾
𝐼𝑚𝑎𝑔(𝑈 = Φ𝑒 𝑖Ω𝜏 ) = 𝑅𝑒𝑎𝑙(Φ) sin(Ω𝜏) + 𝐼𝑚𝑎𝑔(Φ) cos(Ω𝜏).
1 𝜕𝐹 𝐺𝑟 𝑟𝑇 + 𝛾
sinh(β(1 − 𝑌))
Φ(𝑌) = 2 {( −
[
+ 𝑁𝑟𝐶 ])
β
𝜕𝑋 𝑅𝑒 1 − 𝛾
sinh β
sinh β 𝑌 𝜕𝐹 𝐺𝑟
𝐺𝑟 𝑟𝑇 (1 − 𝛾𝑌) + 𝛾(1 − 𝑌)
+(
{ −
(𝑟𝑇 + 𝑁)}) +
[
sinh β 𝜕𝑋 𝑅𝑒
𝑅𝑒
1−𝛾
𝜕𝐹
+ 𝑁(𝑟𝐶 + 𝑌(1 − 𝑟𝐶 ))] − }
𝜕𝑋
2
where β = iΩ with 𝜕𝐹/𝜕𝑋 is given by
𝜕𝐹
𝛽 3 sinh β
𝐺𝑟 2 ∙ 𝑟𝑇 + 𝛾(1 − 𝑟𝑇 ) 𝑁(1 + 𝑟𝐶 )
=
+
[
+
].
𝜕𝑋 2 cosh β − β sinh β − 2 𝑅𝑒
2(1 − 𝛾)
2
The results are then being computed into mathematical software named MATLAB
generated.

(7)

(8)

(9)
and

RESULTS
Results shown that the concentration and temperature increased with the increasing value of
wall concentration 𝑟𝐶 , wall temperature 𝑟𝑇 and thermal conjugate 𝛾. Physically, as 𝑟𝑇 increases,
more hot fluid is carried through the vertical plates due to the increasing fluid temperature
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which consequently results in higher wall temperature gradient. This analysis allows the
simulation of heat transfer between wall and fluid domains by exchanging the thermal energy
at the interfaces between them (5).
For velocity profiles, as 𝛾 and Gr/Re increased, the velocity increased. The increasing value
of 𝛾 imply that as the heat is exchange between fluid and the wall, it enhances the heat transfer
process. The increment of Gr/Re is due to the fact that the buoyancy forces are much more
effective rather than the viscous forces. Further, as frequency Ω and buoyancy ratio 𝑁
increasing, the fluid velocity decreased. Velocity incresed due to the pressure and associated
upward force on the bottom of the vertical plates are lesser than the upward force on the top of
the vertical plates. This allows the fluid to move slower in upward direction of vertical plates
because of the pressure.

FINDINGS
The unsteady mixed convection flow under the influence of g-jitter between two parallel
vertical plates together with Newtonian heating is discussed. The exact analytical solutions for
the non-linear system is developed via separation of variables method. The results showed that
as temperature ratio 𝑟𝑇 and thermal conjugate 𝛾 increased, the temperature increased. Similarly,
as concentration ratio 𝑟𝐶 increases, the concentration of the fluid increased. For velocity
distribution, the velocity 𝑈 is increased as mixed convection parameter Gr/Re thermal
conjugate 𝛾 increased. Contradict with that, the fluid decelerates with an increment in the
buoyancy ratio 𝑁 and frequency Ω.
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