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Abstract 

This work studied the hot wire method in measuring thermal conductivity at room 

temperature. The purpose is to find the optimized experimental conditions to 

minimize natural convection in liquid for this method, which will be taken as 

reference for high temperature thermal conductivity measurement of slag. Combining 

room temperature experiments and simulation with COMSOL Multiphysics 4.2a, the 

study on different experimental parameters which may influence the accuracy of the 

measured thermal conductivity was conducted. The parameters studied were the 

diameter of crucible, the position of wire in the liquid, including z direction and x-y 

plane position, diameter of the hot wire, and current used in the measurement. In 

COMSOL simulations, the maximum natural convection velocity value was used to 

evaluate the natural convection in the liquid. The experiment results showed after 4~5 

seconds of the measuring process, the natural convection already happened. Also 

when current was fixed, the thinner the hot wire, the larger convection it would cause. 

This is because thinner wire generates more heat per unit surface area. Using higher 

current in measuring, more heat generation improved accuracy of result but also had 

earlier and larger effect on convection. Both simulation and experiments showed that 

with the height of the liquid fixed, the smaller diameter of the crucible (not small to 

the level which is comparable with hot wire diameter), the higher the position in z 

direction (still covered by liquid), the less natural convection effect existed. But the 

difference was not significant. The radius-direction position change didn’t influence 

the result much as long as the wire was not too close to the wall. 

 

Key words: Thermal conductivity, hot wire method, simulation, conduction, 

convection, heat transfer 
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1 Introduction 

This is the pre study of high temperature measurement of slag thermal conductivity 

with hot wire method. For this method, the key point is to control the natural 

convection in liquid in order to get thermal conductivity values closer to reality. The 

purpose of this work is to discuss the possible factors that will influence the accuracy 

of measured results. This work combined room temperature experiments and 

simulations with COMSOL Multiphysics 4.2a to find optimized experimental 

conditions for high temperature conductivity measurements. Four different parameters 

were studied in room temperature experiments. Based on the experimental results, 

COMSOL 4.2a was used to simulate this hot wire measuring process to get extra 

information about the effect of certain parameters. The discussion and conclusion are 

based on combination of both experimental and simulation results. 

 

2 Theoretical basis 

2.1 Importance of slag thermal conductivity in industry 

Thermal conductivity of slag is one of the most important properties in steel-making 

industry. This is because heat transfer plays a critical role in all different steps of this 

process. In these processes, good understanding and control of heat transfer is 

beneficial to control the producing process and achieve the final composition of steel, 

so thermal properties of liquid steel and slag are necessary to get better understanding 

of the heat transfer phenomena
1)

. Therefore the thermal conductivities of slags are 

strongly required. In iron- and steel- making industry, slag plays a very important role 

in almost all steps. The blast furnace slag has various compositions and properties due 

to gangue content in ore and ash content in coke
2)

. While coming to steel-making slag, 

the removal of silicon, phosphorous, and sulphur in the hot metal product from blast 

furnace with special designed slag has advantages over basic oxygen furnace refining 

in shortening tap-to-tap time, lowering cost and improving steel qualities. After 

decarburization in basic oxygen furnace, the synthetic slag used in ladle refining 

process achieves the reduction of hydrogen and nitrogen content and solute 
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impurities
2)

. Also, in continuous casting process, the addition of mould powder, which 

is also a kind of slag, makes the liquid steel flow operative and lubricates the surface 

of the product. The thermal effect of the slag cannot be ignored though it has other 

functions in this process, such as absorption of inclusions, protection of liquid steel 

from oxidation and so on
3)

. 

Based on the previous facts, the broad participation of slag in iron- and steel-making 

industry and the high temperature process which slag involves in, better 

understanding of thermal conductivity of slag is necessary for prediction and 

modeling of heat transfer process in iron- and steel-making industry. 

 

2.2 Different methods of measuring thermal conductivity 

In terms of measurement of thermal conductivity, thermal conductivity is the 

relationship coefficient between heat flux and temperature gradient. 

         Q = −λ
dT

dx
                          (1) 

where λ is thermal conductivity and x is the distance along which the heat flux goes, 

or in the other saying, x is the distance along which the temperature gradient exists. 

Thermal conductivity λ is related to the thermal diffusivity, a, heat capacity Cp  and 

density ρ by the following equation, 

                                λ = aCpρ                          (2) 

There are several ways to measure thermal conductivity of slag. They can be 

classified into three groups: steady state techniques, non-steady state methods and 

transient methods.  

 

The steady state method, including linear heat flow method, radial heat flow (RHF) 

method
4)

, is keeping the sample in contact with a constant heat source until the sample 

reaches a steady state in heat flux, and the temperature distribution of the sample will 

be used to calculate the thermal conductivity of the material
4)

. Linear heat flow and 

radial heat flow methods are applied to different geometrical shapes of samples. The 

disadvantage of the steady-state method is it needs a long time before the sample 
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obtains a steady state and consequently, the convection and radiation contributions to 

the heat flux are unavoidable.  

 

Non-steady state methods, such as radial wave (RW) method and modulated beam 

technique, measure the phase shift of input and output temperature to calculate the 

thermal diffusivity of slag; and according to equation (2), thermal conductivity can be 

calculated with use of the thermal diffusivity. In radial wave method, the input is 

detected by thermocouple placed on the side wall of cylindrical crucible, since a 

variation of temperature is applied to the outside wall of the crucible, and the 

thermocouple in the geometric axis of the crucible detects the temperature as “output” 

signal
4)

. In modulated beam technique, the sample is a disc shape. A laser beam is 

applied to the front plate to generate a periodic variation of temperature. The output 

signal is detected by a temperature sensor placed on the back side of the sample
4)

.The 

same as in steady state method, when used to measuring the thermal conductivity of 

liquid sample, the non-steady state method cannot avoid the effect of convection and 

radiation. 

The third group is the transient method. This method only needs very short time, 

usually shorter than 10 seconds. One type of method in this group is the laser pulse 

technique. The laser pulse is supplied to one side of the sample for a very short time, 

and a max ∆T between the front side and the back side is detected, and then the 

transient curve of ∆T over time is obtained
4)

. The time till temperature difference 

reaches 0.5∆Tmax  can be shown in the curve, and it is used to calculate thermal 

diffusivity of the material to get thermal conductivity according to equation (2). When 

a liquid sample is measured, a platinum plate is used on top of the sample to assure 

even heating from the laser pulse. 

The other method which belongs to this group is the linear source technique, also 

called hot wire method, which is used in this work. The hot wire serves as both a 

heating source and a thermometer in this method. The hot wire is supplied with a 

constant current which will cause heat generation as the source of heat transfer. In this 

measuring process, the voltage increase over time is logged to calculate the 
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temperature increase of the hot wire during this time
4)

.  

The hot wire method is chosen as the measuring method because the hot wire method 

doesn’t need long time, so the effect of convection is not as much as in steady state 

and non-steady state methods. Also the hot wire has rather small surface area which 

avoids large radiation. These advantages prove that the hot wire method is more 

accurate than other ones in measuring liquid sample. 

 

2.3 Theoretical derivation for calculation of hot wire method 

According to the discussion in previous section, the heat generated by hot wire mainly 

travels through the sample by conduction. In numerical analysis, consider the sample 

as semi-infinite cylindrical system. The hot wire is parallel to z direction. Heat 

conduction is as follows: 

      ρCp  
∂T

∂t
+ V∇T = λ∇2T + Q                     (3) 

 

Q is the heat generation per unit length of the hot wire. From this equation, we can 

get: 

      ΔT =
Q

4πλ
ln

4at

r2C
=

Q

4πλ
(lnt + A)                    (4) 

 

∆T temperature increase of the hot wire 

Q heat generation per unit length of hot wire  

t time  

r radius of the hot wire  

a thermal diffusivity of the hot wire  

C exponential of Euler constant, value of C is 1.7821  

A constant from mathematical calculation
5)

 

ρ density of the measured material 

The expression of thermal conductivity λ can be derived as: 

 

       λ =
Q

4π

dT

dlnt
                               (5) 
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In the experiments, constant current is applied to the hot wire to generate heat, and the 

voltage of the hot wire is the parameter being logged. Q and 
dT

dlnt
 can be obtained 

from logged V and 
dV

dlnt
 respectively along with the resistance equation of the hot 

wire. The derivation is as follows. 

 

                        RT = Rref [1 + α T− Tref  ]                    (6) 

 

α is first order temperature coefficient of resistance of the hot wire, in this work, 

since it’s room temperature experiments and thermocouple wire Pt-10%Rh and 

Pt-6%Rh are used. Since at low temperature the relationship between resistivity and 

temperature difference is linear, only first order temperature coefficient is considered.  

 

             Q =
I2RT

L
                                (7) 

 

I is the current used in measurement. L is the length of the hot wire. 

 

V = IRref [1 + α T− Tref  ] 

 

       
dV

dlnt
= Iρref

L

πr2
α

dT

dlnt
                          (8) 

 

ρref  is resistivity of the hot wire at reference temperature. The reference temperature 

should be the temperature where the measurement is conducted. 

So far, Q and 
dT

dlnt
 have been related with voltage over lnt of the hot wire during the 

measurement, but how to get 
dV

dlnt
 from the curve V over lnt is not very 

straightforward. 

At the beginning part of the measurement, the current supply and the electric situation 

in all the circuit are not stable yet, so the relationship between V and lnt is not linear. 

In the later stage of the measurement, the natural convection in the liquid sample has 
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already started and cannot be ignored. The curve also deviates from linear relationship. 

Fig. 1 shows an example of a measured curve in this work. The slope of the linear part 

of the curve is the desired 
dV

dlnt
 value. According to the experiments, the linear part is 

usually between 2
 
to 4 seconds of measuring time. 

 

Fig. 1 Example curve of V over lnt from experiments and the line fitting of linear part. 

 

3 Experimental methods 

3.1 Experimental setup 

Fig. 2 is the sketch and Fig. 3 is the picture of the hot wire measurement system used 

at room temperature. The container is placed in a thermal state water bath to keep the 

liquid at constant temperature. 
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Fig. 2 Sketch of the hot wire measurement  Fig. 3 Picture of the measurement setup 

setup at room temperature 

 

An Agilent 66332A Dynamic Measurement DC Source (0-20V/0-5A) was used as 

power supply to provide constant current to the whole circuit. FLUKE 45 Dual 

Display Multi-meter was used to measure the actual current in the hot wire circuit and 

a HEWLETT PACKARD 34401A Multi-meter was used to log the voltage increase of 

the 30 mm hot wire. Both the power supply and the voltage logging meter were 

controlled by software. The logging frequency was 1 point/0.27 second, which means 

around 4 points per second. 

Fig. 4a shows the two hot wire circuits used in experiments. The circuits excluding 

the hot wire are covered by alumina tubes. Fig. 4b shows the measuring part of the hot 

wire circuit, the length is 30 mm. In measurements, only this part was exposed to the 

liquid, so in calculation, only this part’s heat generation was considered as a heat 

transfer source. 
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(a) 

 

(b) 

Fig. 4 Hot circuits used in experiments (a) whole circuit of the hot wires covered by 

alumina tubes (b) 30 mm measuring part of the hot wire. 

As stated before, the purpose of this work is to get optimized experimental conditions 

for hot wire method in order to measure the thermal conductivity of slag at high 

temperatures. In the room temperature experiments, silicon oil was used as the 

measured liquid since the properties are close to high temperature ladle slag. There 

were two kinds of wires used in experiments, diameter=0.25 mm Pt-6%Rh wire and 

diameter=0.35 mm Pt-10%Rh wire. According to the theoretical derivation equation 

(8), hot wire made from different materials have different resistivity, and this means, 

as long as using the right resistivity in calculation, the thermal conductivity got from 

these two wires can be compared to conclude only the effect of the wire diameter. 

Table 1 gives the properties of the materials used in experiments. The temperature 

coefficient of resistivity in Table 1 is the first order temperature coefficient α in 

equation (8). 
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Table 1 Properties of the materials used in simulations and calculations 

Liquid 

Thermal 

conductivity 

[W/(m*K)] 

Heat capacity  

at constant pressure 

[J/(kg*K)] 

Dynamic viscosity 

 

[kg/(m*s)] 

Density 

 

[kg/m
3
] 

Silicon oil 
1
 0.146 1506.24 0.127 1070 

Pt-10%Rh 
2
 37.7 140 - 19970 

Pt-6%Rh 
2
 45.0 137 - 20550 

     

Wire 

Resistivity
3
  

(303 K) 

 [Ω*m]
 

Temperature coefficient of Resistivity
3
  

(298K~313 K) 

 [1/K] 

Pt-10%Rh 1.91988*10
-7

  1.4567*10
-3

 

Pt-6%Rh 2.25995*10
-7

 1.8805*10
-3

 

1
Rhodorsil

@
 Fluid 550 from Silicones North America

6)
 

2
The physical properties except the resistivity and temperature coefficient of 

resistivity of the wire material are from OMEGA
7)

/Heraeus Materials Technology
8)

 

3
The resistivity and temperature coefficient of resistivity of the wire material are 

measured in experiments 

 

The experiments consisted of two parts. The first part was the resistivity measurement 

and the second was the thermal conductivity measurement. For both measurements 

the measuring system shown in Fig. 2 was used. 

 

3.2 Resistivity measurement 

The resistivity of the hot wire at measuring temperature and the temperature 

coefficient of resistivity valid for this temperature are needed for further calculations 

of the thermal conductivity. In order to make the thermal conductivity results more 

reliable, the resistivity and the temperature coefficient of resistivity of each wire were 

measured in experiments. The same measuring system as for the thermal conductivity 

measurements was used. 
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For the resistivity measurements a very low current 0.2 A was conducted to get stable 

voltage of the hot wire at a certain temperature. The resistivity at this temperature can 

be calculated with equation (9), where ρT  is the resistivity at this temperature, I is the 

current used in this measurement, d_wire and L are the diameter and length of the hot 

wire, respectively. 

 

                        ρT =
Vstable

I
∗

π(
d_wire

2
)2

L
                        (9) 

 

Since the thermal conductivity measurement temperature was 303 K, a temperature 

range from 298 K, every 5 K, up to 318 K was measured to calculate the resistivity 

and temperature coefficient of resistivity of Pt-10%Rh and Pt-6%Rh at this range.  

This serial of measurements started from 298 K, measuring every 5 K from low 

temperature to high temperature. Each measuring time was 30 s. Before measurement, 

the wire was placed in silicon oil for 10 min to make sure it had the same temperature 

with the water bath and silicon oil had time to become stable from the movement of 

the wire. After measurement, the wire was lifted out of silicon oil to cool in air for 10 

min to make sure there was no residual heat, which would affect next measurement. 

The voltage roughly kept at a stable value in the 30s measurement. In order to get the 

resistivity over temperature, the voltage values at the same time (90
th

 value with total 

120 values in 30 s) of each measurement was chosen to draw the resistivity over 

temperature curve.  

 

3.3 Thermal conductivity measurements 

In room temperature experiments, parameters studied as follows: 

(1) The diameter of the crucible 

 38 mm, 51 mm, 67 mm and 88 mm 

(2) The hot wire diameter 

Diameter = 0.35 mm Pt-10%Rh wire and diameter = 0.25 mm Pt-6%Rh wire 

(3) The current used for measurement 
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1.0 A, 1.5 A, 2.0 A, 2.5 A, 3.0 A and 3.5 A 

(4) The position of the hot wire in the liquid 

Fig. 5 shows a sketch of the liquid body with hot wire in the middle of the liquid in x, 

y and z directions. The other positions studied in this work are as follows: 

- x, y-center, z-top of the liquid(the top end of hot wire just covered with liquid) 

-x, y-center, z-bottom of the liquid 

-x, z-center, y-at half radius out of center 

 

Fig. 5 Sketch of the liquid domain with hot wire in the middle 

In the thermal conductivity measuring process, the measuring time was also 30s. Like 

in the resistivity measurements, the wire was kept in the right position in silicon oil 

for 10 min before a measurement to make sure that hot wire had the same temperature 

with silicon oil and water bath. Also this can avoid the convection caused by the 

movement of the wire down into silicon oil. After the measurement, the wire was 

lifted out of silicon oil to cool down for 10 min to exclude that the residual heat may 

affect the measurement. Two parallel measurements were done for each set of 

experimental conditions.  
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4 Simulation description 

A mathematical model based on the setup of room temperature measurements was 

developed using COMSOL Multiphysics 4.2a. The purpose is to find the optimized 

experimental parameters to minimize the natural convection in the liquid. Since only 

the effect of heat conduction and natural convection are points of interest in this 

simulation, the applications used in COMSOL were joule heating and turbulent flow. 

Measurements under different conditions were simulated with use of the model. Such 

as diameter of the crucible and wire position in the liquid. The results were compared 

with the results from the experiments. The properties of the wire and liquid used in 

simulation are the same as in the experiments, as given in Table 1.  

 

4.1 Simplification and assumptions 

The following simplifications and assumptions were made: 

-Only the liquid domain was simulated in the model 

Only conduction heat transfer and natural convection in liquid were point of interest. 

The thickness of crucible was neglected and the heat transfer between liquid and 

outside environment through the walls was not considered in simulation. 

-Only the heat generated by the part of the hot wire which was exposed in the liquid 

for the measurement were taken into consideration 

The other parts of the circuit was covered by alumina tube in experiments, this part 

was not included in simulation domain. 

 

4.2 Basic setup of the simulation domain 

4.2.1 Boundary conditions 

-Liquid-crucible boundary 

Wall function was applied to this boundary to describe the thin region near the wall 

with high gradients in the flow variation. The wall was also set as thermal insulation 

as stated in simplification and assumptions that the heat transfer between liquid and 

outside environment through crucible walls were neglected. 
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-Liquid-wire boundary 

Since the wire was set as electrical heating source, the boundary of liquid and wire 

was boundary electrical heating source. And the heat flux in horizontal direction was 

continuous through this boundary. Also wall function was applied to this boundary for 

turbulent flow. 

-Liquid-gas boundary 

Since the crucible was open to the air in room temperature experiments, this boundary 

was set as convective cooling for heat transfer. The heat transfer coefficient of 

COMSOL inner setting was used for convective cooling. Symmetric boundary for 

turbulent flow was set for this boundary in order to describe a free surface with no 

fluid penetration and vanishing shear stress. 

 

4.2.2 Initial values 

The Joule heating physical interface and Turbulent flow physical interface were used 

to simulate this process, and the initial values set as follows: 

-The initial temperature of the system was 303K, the same as in measurements. 

-The velocity was set to zero. 

 

4.3 Experimental conditions studied in simulation 

The parameters that may have effect on natural convection in measurements are as 

follows. 

-The diameter of the crucible 

-The position of the hot wire in liquid 

-The current used for measurement 

-The hot wire diameter 

If the experimental results were taken into consideration, the parameters studied in 

simulation were narrowed to diameter of crucible and position of the hot wire in 

liquid.  

The simulation time was set to 15s. According to the voltage over lnt curve got from 

measurements, the straight part used to calculate thermal conductivity was always 
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between 2 to 4 seconds of measuring time. So in simulation, a relative short time is 

used to study the effect of convection under different experimental conditions, since 

the later stage of the measurement was not used in calculation. 

 

4.4 Calculation 

For calculation the commercial software package COMSOL Multiphysics 4.2a was 

used. The mesh was set as a compromise between convergence and memory 

requirement and can slightly differ within the calculations. The default solver 

provided by the software package was used. 
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5 Results 

5.1 Room temperature experimental results 

5.1.1 Resistivity measurement curve for 0.35 mm Pt-10%Rh and 0.25 mm 

Pt-6%Rh wire 

The resistivity measurements started from 298 K for the two curves, given in Fig. 6. 

Therefore 298 K was used as zero point to calculate the first order temperature 

coefficient of resistivity α in the temperature range 298 K to 313 K.  

The thermal conductivity measurements were done at 303 K, so the resistivity at 303 

K was used as reference resistivity in the calculation of thermal conductivity using 

dV/d(lnt) slope. Table 2 gives calculated resistivity and the first order temperature 

coefficient at 303 K valid for both wires used in experiments. 
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(a) 

 

(b) 

Fig. 6 Resistivity as a function of ∆T (a) 0.35 mm Pt-10%Rh wire (b) 0.25 mm 

Pt-6%Rh wire. 
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Table 2 Resistivity and first order temperature coefficient of resistivity  

from Fig. 6. 

Hot wire diameter 

 

[mm] 

Material 

 

 

Resistivity  

(303 K) 

[Ω*m] 

First order temperature coefficient of resistivity 

(298 K~303 K) 

[1/K] 

0.35 Pt-10%Rh 1.91988e-7 1.4567e-3 

0.25 Pt-6%Rh 2.25995e-7 1.8805e-3 

 

5.1.2 Thermal conductivity calculated from different experimental conditions 

 

Table 3 Thermal conductivity λ calculated from measurements as a function of wire 

and crucible diameter. 

D_Crucible(mm)  Current(A)  Wire material  
λ (W/(m*K)) 

0.35 mm wire  

λ (W/(m*K)) 

0.25 mm wire  

38  1.53  Pt-10%Rh  0.17  0.24  

38  1.53  Pt-10%Rh  0.15  0.25  

51  1.53  Pt-10%Rh  0.16  0.20  

51  1.53  Pt-10%Rh  0.16  0.26  

67  1.53  Pt-10%Rh  0.17  0.21  

67  1.53  Pt-10%Rh  0.15  0.19  

88  1.53  Pt-10%Rh  0.15  0.20  

88  1.53  Pt-10%Rh  0.18  0.24  
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Table 4 Thermal conductivity λ calculated from measurements as a function of 

current. 

D_Crucible (mm)  
D_hot wire 

(mm)  
Current (A)  Wire material  λ (W/(m*K))  

38  0.35  1.03 Pt-10%Rh  0.17  

38  0.35  1.03  Pt-10%Rh  0.18  

38  0.35  1.53 Pt-10%Rh  0.17  

38  0.35  1.53  Pt-10%Rh  0.15  

38  0.35  2.03  Pt-10%Rh  0.14  

38  0.35  2.03  Pt-10%Rh  0.16  

38  0.35  2.53  Pt-10%Rh  0.13  

38  0.35  2.53  Pt-10%Rh  0.14  

38  0.35  3.03 Pt-10%Rh  0.14  

38  0.35  3.03  Pt-10%Rh  0.15  

38  0.35  3.53  Pt-10%Rh  0.15  

38  0.35  3.53  Pt-10%Rh  0.13  
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Table 5 Thermal conductivity λ calculated from measurements as a function of wire 

position. 

D_crucible 

(mm) 

D_hot wire 

(mm) 
Current (A) Wire material Wire position λ (W/(m*K)) 

38 0.35 1.53 Pt-10%Rh xy-center, z-top 0.15 

38 0.35 1.53 Pt-10%Rh xy-center, z-top 0.16 

38 0.35 1.53 Pt-10%Rh xy-center, z-center 0.17 

38 0.35 1.53 Pt-10%Rh xy-center, z-center 0.15 

38 0.35 1.53 Pt-10%Rh xy-center, z-bottom 0.14 

38 0.35 1.53 Pt-10%Rh xy-center, z-bottom 0.17 

38 0.35 1.53 Pt-10%Rh xz-center, y-1/2 radius 0.15 

38 0.35 1.53 Pt-10%Rh xz-center, y-1/2 radius 0.15 
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5.2 Results from the simulations 

 

(a)                                (b) 

 

(c)                                (d) 

Fig. 7 Natural convection velocity distribution on y-z cross section of the different 

crucible diameter (a) D=38 mm(b) D=51 mm(c) D=67 mm(d) D=88 mm. 

   

        (a)                                  (b) 

Fig. 8 Temperature distribution of y-z cross section in D=38 mm crucible with 

0.35 mm wire (a) without natural convection (b) with natural convection. 
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(a) (b) 

Fig. 9 Natural convection velocity distribution of y-z cross section in D=38 mm 

crucible with (a) 0.35 mm wire (b) 0.25 mm wire. 

 

 

(a)                               (b) 

 

          (c)                                (d) 

Fig. 10 Natural convection velocity distribution on y-z cross section of the crucible 

D=38 mm with hot wire at different positions (a) xy-center, z-top (b) xy-center, 

z-center (c) xy-center, z-bottom (d) x-center, y-1/2 radius, z-center. 



22 
 

  

(a)                                 (b) 

Fig. 11 Temperature distribution of D=38 mm crucible y-z cross section with natural 

convection (a) wire in the center of crucible (b) wire at half of the radius position and 

in the middle of z direction. 
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6 Discussion 

As shown in Fig. 6, the line fitting for resistivity curve of both wires fit well with the 

measured data, so the resistivity measurement results were reliable. The measuring 

temperature was 303 K for all thermal conductivity measurements, so in thermal 

conductivity calculation, the reference resistivity value is the one at 303 K from the 

line fitting.  

In the experiments four different conditions were studied, the diameter of crucible, the 

diameter of hot wire, the current used for the measurements, the position of the hot 

wire in liquid. Based on the results, two factors where the effects were not obvious in 

experiments were chosen to be simulated in COMSOL to get better information. 

 

6.1 Effect of crucible diameter and hot wire diameter 

Results from experiments are shown in Table 3, the measurements for both 0.35 mm 

and 0.25 mm wires showed that the difference between different crucible diameters 

was not significant.  

The corresponding simulation results are shown in Fig. 7. The maximum natural 

convection velocity showed that, the smaller the crucible diameter, the smaller the 

maximum natural convection velocity, which means the less convection effect. And at 

15s of simulation time, the maximum natural convection velocity was only 0.2 mm/s, 

the natural convection effect between 2 to 4 seconds should be too low to compare 

with conduction part. In the simulation, the maximum velocity difference between 

different crucible diameters is very small. Since the model is a simplified one which 

excluded factors other than conduction and natural convection for heat transfer, in the 

experiment results this difference was not obvious reflected is understandable.  

In order to see how much effect on temperature the 0.2 mm/s velocity had, a 

comparison simulation was done between considering natural convection and without 

the effect of convection. The result is given in Fig. 8. It shows the temperature 

distribution in silicon oil after 15s simulation time. While the maximum temperature 

and temperature distribution on y-z cross section didn’t have large difference. 
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Therefore this velocity of natural convection’s effect can be neglected in measuring at 

this short time of measurements. 

 

The effect of different diameter of wire was much more significant as showed in 

experimental results in Table 3. With diameter=0.35 mm wire, thermal conductivity 

value was close to the data got from literature, which is 0.146 W/(m*K), while 

diameter=0.25 mm wire gave a larger deviation from the literature data. With 1.4 

times thinner wire, the heat generation per unit surface area was around 2.8 times, 

since the resistivity of Pt-6%Rh was slightly larger than Pt-10%Rh, the heat 

generation per unit surface area of the diameter=0.25 mm wire would be even larger 

than 2.8 times of the diameter=0.35 mm wire. This extra heat generation caused 

earlier and larger effect of convection, which made the result much higher than 

literature data. This experimental result was verified by simulation comparison shown 

in Fig. 9. For diameter=38 mm crucible, after 15s simulation time the maximum 

velocity caused by diameter=0.25 mm wire is more than twice of the one caused by 

diameter=0.35 mm wire. The current used in both simulations was 1.53 A. So 

diameter=0.35 mm wire was decided to be used in further measurements since it 

caused less convection. 

 

6.2 Effect of current used for measurements 

Table 4 shows the experimental results of different current from 1.0 A to 3.5 A. The 

current listed in all tables are the measured current, which was always 0.03 A higher 

than the set value of the current source. In experiments, 0.5 A was also tried but it was 

too low to generate enough heat to get an increasing V over lnt curve. So the current 

should be at least 1.0 A to get desired result. Comparing the results of different values, 

the higher the current, the more accurate the result will be. For current 1.5 A and lager, 

the results didn’t show significant difference. For all the measuring data used for 

calculation between 2 to 4 seconds measuring time, given in Table 4 the natural 

convection didn’t have larger effect. Theoretically higher current will cause earlier 

and higher convection effect, so a relative low current 1.5 A was the used for the 
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measurements. 

 

6.3 Effect of hot wire position in liquid 

Table 5 shows the experimental results with hot wire at different position of the liquid. 

The difference between different positions along z direction is not obvious either, 

similar with the effect of crucible diameter. For the one in half radius position along y 

direction, the result is also close to the one in the middle of the liquid. Therefore, the 

effect of hot wire position was also simulated in COMSOL to see if there was a large 

effect. 

Fig. 10 is the simulation results of position effect. We can see the trend between the 

different positions in liquid. The top position in Fig. 10a and the bottom position in 

Fig. 10c have relative smaller natural convection velocity compared with the middle 

position. The maximum velocity in half radius position shown in Fig. 10d is higher 

than the one in the middle position. The difference between them is larger than the 

difference between the top position (or the bottom position) and the middle one. So to 

place the hot wire in center of the liquid is more important than its vertical position, as 

long as the wire is totally covered by liquid.  

 

In order to see how much effect on heat transfer the off center position shown in Fig. 

10d has on heat transfer in silicon oil, a temperature distribution comparison between 

the middle position and the off center position was done. The result is in Fig. 11. It 

shows the temperature distribution in silicon oil after 15s measurement, the maximum 

temperature and temperature distribution on y-z cross section when wire was off the 

center is slightly lower than in the middle. This may be due to the larger convection 

caused by interaction between fluid flow and the crucible wall. Since there is no 

significant difference between these two, the off center effect can also be neglected in 

measuring at this very short time of measurements. In order to be more accurate, in 

real measurements, the hot wire should be placed in middle of the liquid. 
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7 Conclusion 

Based on the discussion, the conclusions can be summarized as follows: 

1. According to simulation, smaller crucible has better effect at controlling natural 

convection. For short time measurements, the effect of crucible diameter is not 

significant so that it can be neglected in actual short time measurements. 

2. Considering hot wire position in liquid, off the center of x-y plane will cause more 

convection than deviation in vertical positions. The difference in comparison with 

the wire placed in the middle of the liquid was not large according to simulation. 

So in short time measurements, this effect is also not big enough to make 

calculated thermal conductivity has large deviation from literature value for all 

positions. Still, trying to place the wire in the middle of liquid in real 

measurements will be better in avoiding large natural convection. 

3. The current used in measurements is 1.5 A. Because compared with 0.5 A and 1.0 

A, it’s enough to generate increasing V-lnt curve to get relative accurate thermal 

conductivity value, and compared with higher currents it is better to avoid early 

and large natural convection. 

4. Both experimental results and simulations showed, diameter=0.35 mm wire 

caused less convection than diameter=0.25 mm wire. In experiments, 

diameter=0.35 mm wire got good thermal conductivity values which are close to 

literature data 0.146 W/(m*K), while diameter=0.25 mm wire’s results deviated 

from literature value too much. This is because theoretically it generated around 

2.8 times heat per unit surface area of diameter=0.35 mm wire, which caused 

earlier and larger convection effect. 
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