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Abstract This paper explores the characterization of thermal and momentum dif-
fusion properties of condensed phase biological fluids. The widely used transient
hot-wire technique for determination of thermal diffusion properties is proposed here
to investigate also the apparent kinematic viscosity of fluids with the apparatus com-
monly adopted for thermal conductivity and/or thermal diffusivity determination. The
undesired onset of convection in the determination of thermal diffusion properties is
in this case the useful effect measured at the wire–fluid interface. From a theoretical
point of view, the onset of convection time at a given vertical position along the wire
has been related to the Prandtl number, and the reliability of the kinematic viscosity
has been studied and preliminarily tested in the case of water.

Keywords Free convection · Hot-wire method · Kinematic viscosity ·
Onset of convection · Prandtl number

1 Introduction

In the transient hot-wire technique the onset of free convection, the absorption and
emission of radiation from the heated fluid, and the axial conduction due to the finite
length of the wire can induce a remarkable deviation (several percent) from the pure
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radial conduction regime. The wire temperature rise deviates in this case from the
ideal linear trend in a semi-log plot.

The influence of axial conduction becomes negligible if the length of the wire
(usually made of platinum) is greater than a thousand times its radius [1]. The way
of avoiding the wire end effect is to place the current leads at the wire ends and the
potential leads at a sufficient distance from the wire ends, that is, at about one hun-
dred times the wire diameter [2,3]. A pronounced radiation contribution is present for
strong absorbing liquids and for large temperature ranges. In this case, several useful
corrections of the wire measurement temperature are reported in the literature [4–6].

The influence of free convection limits the experimental time that is useful to esti-
mate the thermal diffusion properties, and beyond which, measurements are affected
by a mixed conduction and convection regime. The transient free convection along
vertical circular cylinders has been dealt with in both past and recent literature.
Goldstein and Briggs [7] made a theoretical analysis of transient free convection
for vertical circular cylinders immersed in an infinite medium, initially at rest. They
considered the cylinder as a perfect heat conductor, with or without a finite heat capac-
ity, and producing a step change in the surface heat flux giving analytical solutions for
arbitrary Prandtl numbers. Pantaloni et al. [8] experimentally studied the onset of free
convection in a hot-wire apparatus, stating by means of Schlieren-type visualization,
that the boundary layer is clearly dominant in the fluid motion and showed the absence
of a radial velocity component, as stated by Goldstein and Briggs. Velusamy and Garg
[9] and De Lorenzo and Padet [10] numerically investigated transient free convection
along a vertical cylindrical and flat surfaces, respectively, adopting a physical model
that is analogous to the approach recommended by Goldstein and Briggs.

No correction for the convection effect is usually considered in the hot-wire method
to eliminate this influence from the measurements. Typically, the onset of convec-
tion time is determined to avoid the convection effect in measurements [11], so that
the part of the transient determined only by a conduction regime can be considered.
Consequently, the possibility of describing free convection development at the wire–
fluid interface could enable the fluid properties related to momentum diffusion to be
investigated.

The aim of this work was to investigate a correlation between the fluid motion in the
wire vicinity, the onset of convection time at the wire–fluid interface, and the appar-
ent kinematic viscosity of the fluid. Once this approach is demonstrated with general
purpose hot-wire experiments, it can be applied to the phase of condensed biological
fluids, in particular, hematic compounds. In this field, the interest is to study hematic
thermal and momentum diffusion properties at low shear rates and low velocities, so
the hot-wire technique could be suitable for this purpose. The approach introduced
by Goldstein and Briggs for predicting when the influence of the leading edge will
penetrate a given vertical distance was adopted. The transient development of free
convection enables the introduction of the onset of convection time as a parameter
useful to estimate the apparent kinematic viscosity of condensed phase fluids. A sensi-
tivity analysis is proposed in order to evaluate the uncertainty of this property, and an
example for the determination of the onset of convection time and the Prandtl number
is reported, by using measurements performed on water.
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2 Mathematical Model

To predict the onset of free convection, the boundary layer assumption in the governing
equations has been considered. The hot wire was assumed as a semi-infinite vertical
circular cylinder, so, neglecting the vertical conduction in the wire and the fluid across
the leading edge, unsteady one-dimensional solutions for temperature and velocity
fields were taken into account. As is usual in the case of slow free convection, the
viscous dissipation terms in the momentum equation, and the density variation in
the continuity equation, were neglected; the density influence was only considered in
the buoyancy term (Boussinesq approximation).

A step change of heat generation in the cylinder causes a perturbation in the
surrounding fluid that behaves like a wave rising from the leading edge. At a given
position along the vertical wire (z direction in our case), the transition from pure con-
duction to mixed conduction and convection occurs when the fluid moving up reaches
this position. A uniform wall temperature of the wire above the leading edge takes
place for constant and uniform heat generation. With these conditions, both the temper-
ature and the vertical velocity are only dependent on the time and radial position; they
are independent of z and, therefore, according to the continuity equation, no velocity
takes place in the radial direction. By integrating the vertical velocity with respect to
time, the wave propagation inside the fluid gives the penetration distance Z(r, t) from
the convection leading edge as a function of the time t and the radial position r. At
a given time, the maximum distance of the fluid moving up from the leading edge
determines the maximum penetration distance Ẑ(t), where the convection effect takes
place, whatever radial position it reaches first.

On this basis, transient one-dimensional heat transfer is due to pure conduction and
momentum equations can be adopted before the effects from the leading edge have
propagated to a given vertical position in the fluid. Introducing the dimensionless
temperature difference ϑ between the wire and the undisturbed fluid, with the thermal
conductivity λ of the fluid and the heat rate q generated inside the wire per unit length,
assuming the wire as a perfect heat conductor with a finite heat capacity, adopting a
cylindrical coordinate system, the dimensionless temperature field is given by [12]

ϑ(ξ, τ, δ) = λ(T − T∞)
q

= 1

π2

∞∫

0

[
1 − exp

(
−τψ2

)] ε(ξ, δ, ψ)
φ(δ, ψ)

dψ

ψ2 , (1)

where

ε(ξ, δ, ψ) = Y0(ξψ)J1(ψ)−J0(ξψ)Y1(ψ)+
{
ψ

2δ
[J0(ξψ)Y0(ψ)− Y0(ξψ)J0(ψ)]

}

(2)

φ(δ, ψ) = Y 2
1 (ψ)+ J 2

1 (ψ)

+
{(

ψ

2δ

)2 [
Y 2

0 (ψ)+ J 2
0 (ψ)

]
− ψ

δ
[Y0(ψ)Y1(ψ)+ J0(ψ)J1(ψ)]

}
.

(3)
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The quantities ξ = r/r0 and τ = at/r2
0 , both referring to the hot-wire radius r0, are

the dimensionless radial position and Fourier number, respectively, whereas a is the
thermal diffusivity of the fluid and δ is the ratio of the heat capacity per unit volume of
the fluid to that of the wire. Jk(−) and Yk(−) in Eqs. 2 and 3 are the well-known Bessel
functions of order k, of the first and second kind, respectively, and ψ is a dummy real
integration variable.

As far as the fluid velocity field is concerned, if the viscous dissipation terms and
pressure work are also neglected, the dimensionless momentum equation is written as

∂2υ

∂ξ2 + 1

ξ

∂υ

∂ξ
+ ϑ(ξ, τ, δ)

Pr
= 1

Pr

∂υ

∂τ
∀ξ ≥ 1, (4)

where υ = wλa/(gβqr2
0 ) is the dimensionless z component of the velocity w, β is

the isobaric thermal expansion coefficient, g is the acceleration due to the body force,
and Pr is the Prandtl number. For Pr values different from one, the solution for Eq. 4
is given by [7]

υ (ξ, τ, Pr, δ) = 1

π2 (Pr − 1)

∞∫

0

[
τψ2 + exp

(
−τψ2

)
− 1

] χ(ξ, Pr, δ, ψ)

ϕ(Pr, δ, ψ)

dψ

ψ4 .

(5)

Setting η = ψPr−0.5, functions χ and φ are

χ(ξ, Pr, δ, ψ) = [Y1 (ψ) Y0 (ψ)+ J1 (ψ) J0 (ψ)] [Y0 (ξη) J0 (η)− J0 (ξη) Y0 (η)]

+
[

J 2
0 (η)+ Y 2

0 (η)
]

[Y1 (ψ) J0 (ξψ)− J1 (ψ) Y0 (ξψ)]

+ 2

πψ
[J0 (ξη) J0 (η)+ Y0 (ξη) Y0 (η)]

+
{
ψ

2δ

[
J 2

0 (η)+ Y 2
0 (η)

]
[J0 (ψ) Y0 (ξψ)− Y0 (ψ) J0 (ξψ)]

+ ψ

2δ

[
J 2

0 (ψ)+ Y 2
0 (ψ)

]
[J0 (ξη) Y0 (η)− Y0 (ξη) J0 (η)]

}
,

(6)

and

ϕ(Pr, δ, ψ) =
[

J 2
1 (ψ)+ Y 2

1 (ψ)
] [

J 2
0 (η)+ Y 2

0 (η)
]

+
{
ψ2

4δ2

[
J 2

0 (η)+ Y 2
0 (η)

] [
J 2

0 (ψ)+ Y 2
0 (ψ)

]
−

+ ψ

δ

[
J 2

0 (η)+ Y 2
0 (η)

]
[J0 (ψ) J1 (ψ)+ Y0 (ψ) Y1 (ψ)]

}
. (7)
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Integrating the dimensionless velocity of Eq. 5 with respect to the Fourier number τ ,
the dimensionless vertical penetration distance ζ becomes

ζ (ξ, τ, Pr, δ)

= Zλa2

gβqr4
0

=
τ∫

0

υ (ξ, τ, Pr, δ)dτ

= 1

π2 (Pr − 1)

∞∫

0

[
1 − τψ2+ τ 2ψ4

2
− exp

(
−τψ2

)]
χ(ξ, Pr, δ, ψ)

ϕ(Pr, δ, ψ)

dψ

ψ6 .

(8)

For given values of τ, Pr , and δ, the radial dimensionless position, ξ̂ , where the max-
imum dimensionless penetration distance, ζ̂ , occurs is obtained by imposing the null
value of the first derivative of Eq. 8 with respect to the dimensionless radial position ξ :

∞∫

0

[
1 − τψ2 +τ

2ψ4

2
− exp

(
−τψ2

)]
χ̂(ξ̂ , Pr, δ, ψ)

ϕ(Pr, δ, ψ)

dψ

ψ6 = 0, (9)

where

χ̂(ξ̂ , Pr, δ, ψ) = η [Y1 (ψ) Y0 (ψ)+J1 (ψ) J0 (ψ)]
[
J1

(
ξ̂ η

)
Y0 (η)−Y1

(
ξ̂ η

)
J0 (η)

]

+ψ
[

J 2
0 (η)+Y 2

0 (η)
] [

J1 (ψ) Y1

(
ξ̂ψ

)
−Y1 (ψ) J1

(
ξ̂ψ

)]

− 2η

πψ

[
J1

(
ξ̂η

)
J0 (η) + Y1

(
ξ̂ η

)
Y0 (η)

]

+
{
ψ2

2δ

[
J 2

0 (η)+Y 2
0 (η)

] [
Y0 (ψ) J1

(
ξ̂ψ

)
−J0 (ψ) Y1

(
ξ̂ψ

)]

+ ψη

2δ

[
J 2

0 (ψ)+Y 2
0 (ψ)

] [
Y1

(
ξ̂η

)
J0 (η)−J1

(
ξ̂η

)
Y0 (η)

]}
.

(10)

Solutions for Eq. 9 were obtained by using a bisection method, and calculation of the
previous improper integrals was carried out numerically through successive iterations,
using the Romberg algorithm with an open formula.

Trends for ln ζ̂ versus ln τ are shown in Fig. 1, for Prandtl numbers ranging between
2 and 1000, assuming δ = 1. As evident in this figure, the maximum vertical pene-
tration distance is decreasing with increasing Prandtl number, and a quite linear trend
versus ln τ is found independent of the Prandtl number chosen. Higher correlation
could be obtained by using a polynomial in ln τ of higher order.

The influence of the wire heat capacity is appreciable close to the wire surface for
small τ values ( τ < 10). The vertical penetration distance increases with δ, for δ val-
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Fig. 1 Maximum dimensionless vertical penetration distance versus Fourier number, for various Prandtl
number values

ues between 0.5 and 1.5, and τ values greater than 1000; the maximum influence of δ
vanishes, when the Prandtl numbers ranges between 2 and 1000. When large values of
δ are applicable (negligible heat capacity of the wire), the terms in the double brackets
of Eqs. 2, 3, 6, 7, and 10 can be omitted.

3 Kinematic Viscosity Estimation and Uncertainty

Let us consider a vertical wire, surrounded by an isothermal fluid at rest. Assuming
that the electrical current leads are placed at the wire ends and a few measurement
zones are positioned along the wire as shown in Fig. 2, when a step change in surface
heat flux is produced by feeding the wire, the transient free convection phenomenon
begins from the lower leading edge (z = 0 in Fig. 2). Neglecting axial conduction along
the wire and the fluid, after the correction from the radiation contribution for the case
of an absorbing fluid, and before the onset of convection at a given vertical position,
measurements are driven only by pure radial conduction. This transient regime ends
when the fluid that is moving upwards reaches the vertical position Zlow, j correspond-
ing to the lower potential lead of the jth measurement zone, then a mixed conduction
and convection regime takes place in this zone.

For each measurement zone along the wire, the experiment can therefore be divided
into two parts: one before and another after the onset of free convection. In the absence
of convection effects, the first part of the experiment is suitable, as is well known, to
evaluate the thermal diffusion properties, the thermal conductivity, the thermal dif-
fusivity, or the volumetric heat capacity; whereas, after the onset of convection, the
onset time can be related to the momentum diffusion properties, such as the apparent
kinematic viscosity.

As shown in the mathematical modeling section, the development of natural con-
vection is related to the vertical penetration distance from the lower leading edge by
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Fig. 2 Schematic diagram of the hot-wire arrangement with the positions of the measurement zones, and
the potential and current leads

a dimensionless function ζ of the radial position ξ and Fourier number τ , with Pr
and δ as parameters. For a given value of these parameters, at a given τ , the vertical
penetration distance presents a maximum value ζ̂ at the radial position corresponding
to ξ̂ . As mentioned in the mathematical modeling section, ζ̂ is weakly dependent on
the wire heat capacity, especially when the Fourier number is large, as is the case for a
typical wire made of platinum. To cover a wide range of fluid heat capacity, δ should be
fixed within 0.5 to 1.5. Since the Fourier number refers to the onset of convection time
tC at the maximum reaching vertical position ζ̂ , it is possible to find a relation where
the Prandtl number (i.e., the kinematic viscosity) is the parameter to be estimated:

ζ̂ = f (τ, Pr). (11)

A first approximation of Eq. 11 stands for a power function of the Fourier number, for
whichever Prandtl number in the range 2 to 1000 is chosen. In this way, an approximate
value ζ̃ for the maximum penetration distance is given by the following expression:

ln ζ̃ = g(Pr)+ h(Pr)ln τ, (12)

where

g(Pr) =
M∑

k=0

Gk lnk (Pr), h(Pr) =
N∑

k=0

Hk lnk (Pr), (13)
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Table 1 Coefficients for Eq. 13
obtained by regression

k Gk Hk

0 −4.33337 2.07182

1 −5.58775 × 10−1 2.40067 × 10−3

2 −4.61448 × 10−2 −1.37229 × 10−4

3 1.92572 × 10−3 1.17049 × 10−5

are functions of the sole Prandtl number. The coefficients Gk and Hk has been deter-
mined by nonlinear regression on the ζ̂values obtained from Eq. 9, solved for several
values of the Prandtl number in the range 2 to 1000 and Fourier number in the range
100 to 10000. The maximum likelihood values were obtained assigning M = N = 3
with the coefficients Gk and Hk reported in Table 1.

The identification of the kinematic viscosity (i.e., the Prandtl number) is strictly
related to the sensitivity of the measurement of the onset of convection time tC at a
given vertical position along the wire. A sensitivity coefficient is in this case intro-
duced by means of the first partial derivative of the Fourier number with respect to the
Prandtl number. Considering the approximate relation for the maximum penetration
distance introduced by Eq. 12, it results in

∂τ

∂Pr
= − τ

h(Pr)

[
∂g(Pr)

∂Pr
+ ln τ

∂h(Pr)

∂Pr

]
. (14)

Taking into account Eq. 13, the sensitivity coefficient is assumed to be the ratio between
the relative uncertainty on the experimental determination of the onset of convection
time and the relative uncertainty on the Prandtl number estimation, and is written as

Pr

τ

∂τ

∂Pr
= − 1

h(Pr)

[
M−1∑
k=0

(k + 1)Gk+1lnk (Pr)+ ln τ
N−1∑
k=0

(k + 1) Hk+1lnk (Pr)

]

= utC

u Pr
. (15)

With the coefficients of Table 1, the calculated sensitivity increases in proportion to
the Prandtl number and it is weakly dependent on τ , as shown in Fig. 3. By choosing
a constant value versus τ for the calculated sensitivity coefficient, and expecting for
the Prandtl number estimation the same uncertainty as for the thermal diffusivity, the
relative uncertainty uν in the kinematic viscosity determination has the same order of
utC , and it is expected to be in the range

3.2utC < uν < 4.9utC . (16)

The uncertainty in the determination of the onset time tC depends on the time resolution
of the experiment, but it also depends on both the uncertainty of the measured tem-
perature and the rate of deviation in temperature caused by the convection onset with
respect to the pure conduction regime. As is known [12], the trend of the dimensionless
temperature ϑ , for 4τ � 1 can be suitably approximated by
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Fig. 3 Ratio between the relative uncertainty of the estimated onset time and the relative uncertainty in the
Prandtl number determination versus the Fourier number

ϑ = 1

4π
ln

(
4τ

γ

)
= x ∀x � 1

4π
ln (1/γ ), (17)

where γ is the exponential of Euler’s constant. For a pure conduction regime,ϑ is a lin-
ear function versus the independent variable x. In the experiments, the deviation from
linearity due to convection onset can be established in a statistical way by introducing
the ratio � between the expected and unexpected square residual (F-test). When the
pure conduction regime occurs, the estimated standard deviation Sϑ depends only on
the measurement uncertainty of the temperature, and, for measurement uncertainty
randomly distributed, it can be assumed as a constant and independent of x; in this
case � increases in a monotonic way. Otherwise, when the convection effect take
place, the deviation of ϑ from a linear trend increases Sϑ in a nonrandom manner, so
� changes its growing trend and begins to decrease rather abruptly.

Since ϑ is a continuous function versus x, for x values ranging between X0, the
minimum value which satisfies the condition imposed for suitable uses of Eq. 17, and
an arbitrary value X > X0, the ratio � can be written as

� = 1

Sϑ

√√√√√
X∫

X0

[
ϑ̄ − ϑ(x)

]2
dx; ϑ̄ = 1

X − X0

X∫

X0

ϑ(x)dx . (18)

Therefore, after integration, it results in

� ∝ 1

Sϑ

√
(X − X0)

3 =
√

ln3(τ/τ0)

Sϑ
. (19)
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The function � depends on both τ and Sϑ , so, its sudden change versus τ is related to
the rate of change of Sϑ . In fact, the total derivative of � with respect to τ is

d�
dτ

= � (τ, Sϑ)

[
3

2τ ln3(τ/τ0)
− 1

Sϑ

dSϑ
dτ

]
. (20)

The better useful condition for determining the onset of convection time is when �
reaches its maximum value at tC, because in this case the onset time certainly falls
within two consecutive measurements and its estimated uncertainty can be assumed
as half the experimental resolution time �t . So, from previous statements, the uncer-
tainty in the onset of convection time determination could be similar to the estimated
uncertainty in the Prandtl number or the thermal diffusivity. This occurrence imposes
a minimum rate of change of Sϑ at tC given by

dSϑ
dτ

∣∣∣∣
τC

≥ 3

2

Sϑ
τC ln3(τC/τ0)

. (21)

The rate of change of Sϑ depends on the temperature measurement uncertainty, but
also depends on fluid diffusion properties and experimental conditions such as the
heat flux generated within the wire per unit length, the wire radius, and the position
of the measurement zone along the wire. Preliminary rough measurements [11,13]
performed on water (Pr ≈ 5) and propylene glycol (Pr ≈ 400), with a platinum wire
diameter of 100 μm and an estimated value of 4 mK for Sϑ , showed the condition
imposed by Eq. 21 easy to obtain for several values of the heat flux generated per unit
length and several vertical positions of the measurement zone along the wire.

Since the maximum dimensionless penetration distance depends on both the verti-
cal position Z and the heat flux q generated per unit length (see Eq. 8), as an example,
a preliminary value for the Prandtl number estimation (i.e., the kinematic viscosity
divided by the measured thermal diffusivity) is reported using measurements per-
formed on water and reported in Ref. [11], with a single measurement zone (Zlow,1 =
45.5mm) and different heat fluxes, as shown in Fig. 4. The tests were executed at the
undisturbed fluid temperatures in the range between 26.4 ◦C and 28.4 ◦C. In Fig. 4,
after the correction for the radiation effect (Kn2 = 225.4 m−1), the dimensionless
temperature difference ϑ −ϑ0 is plotted versus the logarithm of the ratio between the
measurement time t and the time t0 when the influence of the wire heat capacity is
negligible and ϑ increases as established by Eq. 17 (ϑ0 is the value of the dimension-
less temperature at t0). By choosing the transient part in which the pure conduction
regime is certainly present (linear trend of temperature versus the logarithm of time),
the thermal properties of the fluid have been determined. The average estimated values
of the thermal conductivity and thermal diffusivity were in this case 0.6 W · m−1 ·K−1

and 0.143 × 10−6 m2 · s−1, respectively.
The onset time tC was determined by performing the F-test on the temperature

differences shown in Fig. 4, searching for the time interval in which the absolute
maximum value of the ratio � between the expected and unexpected square residuals
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Fig. 4 Dimensionless temperatureϑ versus the logarithm of t/t0 in the case of water for different heat fluxes
generated: q = 0.75 W ·m−1, ϑ0 = 0.361, and t0 = 0.715 s (triangles); q = 1.263 W ·m−1, ϑ0 = 0.416,
and t0 = 1.43 s (circles); q = 1.885 W · m−1, ϑ0 = 0.442, and t0 = 1.98 s (squares)

Fig. 5 Trend of the ratio � between the expected and unexpected square residual (circles) and the
unexpected standard deviation Sϑ (crosses) determined from experimental measurements for the case of
q = 1.263 W · m−1

is attained. In Fig. 5 both trends of � and the unexpected standard deviation Sϑ are

plotted versus
√

ln3 (t/t0) for the case of q = 1.263 W·m−1. In this plot, as expressed
by Eq. 19, the trend of � obtained experimentally is quite linear in the transient part
driven only by conduction at constant Sϑ . The absolute maximum value of � is reached
at tC = 31.4 s, within a confidence region of about ±1 s. For others tests performed
with q = 0.75 W·m−1and q = 1.885 W · m−1, in the same way, the calculated
onset times tC were 41.0 s and 24.9 s, respectively. For the proposed tests, the rela-
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tive uncertainty utC in determination of the onset time is about of 3 % on average. As
expected, after the onset of convection, Sϑ increases, � decreases promptly, and the
calculated rate of change of Sϑ at tC is one order of magnitude higher with respect
to the minimum value required and imposed by Eq. 21. By a simple and preliminary
approach, the approximated solution suggested by Eq. 12 can be used instead of Eqs. 8
and 9 for determination of the Prandtl number. The value of ζ̃corresponding to the
vertical position of the lower potential lead, reached at the given time tC by generating
the heat flux q, is calculated using the left side of Eq. 12, with the estimated thermal
diffusion properties of the fluid, and assigning a suitable value of the isobaric thermal
expansion coefficient. Thus, the Prandtl number on the right side becomes a parameter
to be estimated iteratively. With a constant value of 2.76×10−4 K−1 assigned for β
at the average temperature of the tests (about 27 ◦C), the calculated average value of
the Prandtl number is 5.3. Finally, taking into account the estimated value of the ther-
mal diffusivity, the resulting kinematic viscosity is 0.758 × 10−6 m2 · s−1. Although
this value deviates by a few percent from values in the literature, by Eq. 16, with the
estimated utC ≈ 3 %, the expected uncertainty in kinematic viscosity should exceed
10 %.

4 Conclusions and Future Activities

Early results from theoretical investigations of kinematic viscosity estimation by
means of the hot-wire technique seem promising. By the introduced onset of convec-
tion time, the kinematic viscosity appears identifiable with a theoretical uncertainty
of the same order as the estimated thermal diffusion properties by the hot-wire tech-
nique. Recent experiments performed on water and propylene glycol [11,13] confirm
this result.

Since the onset of convection time is the essential parameter for identification of
the fluid viscosity, future experiments have been planned and well focused on this
target. Because the sensitivity on the onset time estimation by the hot-wire technique
depends on the instantaneous rate of deviation from the typical temperature rise for
the case of pure conduction, the onset convection time will be determined in the same
experiment by both hot-wire and interferometric techniques. Since the fluid that is
moving upwards introduces a vertical temperature gradient when it reaches a given
position, this induces a sudden perturbation in the fringe pattern previously caused
only by the variation of the refractive index in the radial direction. Setting up a kind
of Twymann-Green interferometer, the wire surface will be used as a mirror, and by
means of a cylindrical collimator, the laser beam will be squeezed and focused on the
wire surface. The high sensitivity of the interferometer will allow comparisons of the
estimated onset time by the hot-wire technique and validating this methodology.
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