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1. Introduction 

In this tutorial, you will create a heat transfer model of a hot teapot. Two 

simulations will be implemented to compare the temperature fields obtained using 

a steel or a porcelain teapot. A pure heat transfer procedure will be used, thus 

no mechanical properties have to be defined. In this kind of analysis, temperature 

is the only unknown degree of freedom. 

 

When you complete this tutorial, you will be able to: 

- Define the thermal properties of two common materials such as steel and 

porcelain. 

- Define thermal loads and boundary conditions as well as interactions to 

model phenomena such as thermal conduction, convection and radiation. 

- Use the visualization module to plot field output variables and create cut 

views of the model. 

- Properly handle a hot teapot! 

 

Preliminaries 

- Why this teapot?  

1- It is a very common issue in UK.  

2- This teapot (Utah teapot) is a very famous object in the CAD world   

since it was one of the first CAD models to be created in the 70s. 

Nowadays, teapot scenes are commonly used for renderer self-tests and 

benchmarks. Nerds like it... 

- The model is based on the SI units based on millimetres. 

 

Figure 1: Consistent sets of units available in Abaqus. 
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2. Setting up the model 

Open the Abaqus database file Tutorial 18.cae  

This file contains the geometry of the two parts of the teapot, the lid and the 

teapot. 

 

3. Material and section properties 

Enter the property module and define the two material models for the steel and 

porcelain. Within a heat transfer analysis, the problem that has to be solved is 

defined by the following equation.  

𝜌𝑐
𝜕𝑇

𝜕𝑡
= 𝑘

𝜕2𝑇

𝜕𝑥2
 

 

Thus, no mechanical properties have to be defined but only the material’s thermal 

properties in terms of ρ (density), c (specific heat) and k (conductivity).  

 

COMMON SI UNITS 

- Density   
𝑘𝑔

𝑚3 

- Conductivity  
𝐽

𝑚 𝑠 °𝐶
 

 - Specific Heat  
𝐽

𝑘𝑔 °𝐶
 

 

1.  Go into the Property Module and click the Create Material icon. In the Edit 

Material dialog box, name the material Steel. From the material editor’s menu 

bar, select Thermal → Conductivity. Enter a value of 0.015 W/mm/°C. From the 

material editor’s menu bar, select Thermal → Specific Heat. Enter a value of 

420,000 J/tonn/°C. Select General → Density and enter a value of 8E-9 

tonn/mm3. Click OK to exit the material editor. 
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2.  Go into the Property Module and click the Create Material icon. In the Edit 

Material dialog box, name the material Porcelain. From the material editor’s 

menu bar, select Thermal → Conductivity. Enter a value of 0.0015 W/mm/°C. 

From the material editor’s menu bar, select Thermal → Specific Heat. Enter a 

value of 1,070,000 J/tonn/°C. Select General → Density and enter a value of 

2.4E-9 tonn/mm3. Click OK to exit the material editor. 

 
 
3.  Create two solid homogeneous sections referring to porcelain and steel. 

Assign now the steel section to both the lid and the base parts. 

 

4. Assembly and Step 

1. Enter the assembly module and create an instance for each of the two parts.  

 

Figure 2: Teapot assembly. 
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Enter the step module and create two heat transfer steps. In the first step, a 

steady state solution driven by a constant high internal temperature is calculated. 

In the transient step, the internal temperature will decrease till reaching the 

environment temperature. 

 

2. Create the first step by Double-clicking on Steps in the model tree. Select Heat 

Transfer as type and call it Step-SteadyState. In the Edit Step dialog box, enter 

1s as time period and tick the steady state option. 

 

3. Create a second heat transfer step called Step-Transient with duration of 600 

s. Enter the incrementation tab of the Edit Step dialog box, set the Initial, 

Minimum and Maximum increment sizes at 1, 0.006 and 600, respectively. Enter 

5 in the maximum allowable temperature change field.  

 

4. In the Field Output requested by default, make sure that the NT (nodal 

temperature) and HFL (heat flux) variables have been selected. 

 

5. Mesh 

Enter the mesh module and discretize both parts. Select 3 as global element size 

and tet as Mesh controls. Mesh the parts and make sure that the element type 

selected is a quadratic heat transfer element (DC3D10) for both the lid and the 

base.  

 

 

6. Interactions 

Enter the Interaction module. Thermal interactions must be defined to model the 

heat exchange between each instance and the others and with the world. Three 

kinds of interactions can be modelled: conduction (between two solids), 

convection (between a solid and an external liquid) and radiation (from a surface 

to the environment). 
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1. Conduction between the teapot and the lid. Create a new surface to surface 

interaction at Step-SteadyState, selecting the teapot’s surface Surf-INT as master 

surface and the lid’s surface Surf-INT as slave surface. Click on the Create an 

Interaction Property icon at the bottom of the Edit Interaction dialog box as shown 

in the following picture. Call the interaction property Conduction, click Continue 

and select Thermal  Thermal conductance in the dialog box. Enter 0.1 as 

conductivity at zero clearance (first row) and 2 as clearance (mm) at zero 

conductivity and click OK. Make sure that the Conduction interaction property in 

is selected in the Edit interaction dialog box and click OK. 
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2. Create a film condition interaction to model the heat lost from the base and lid 

due to convection with the external air. Create a new interaction called Int-

Convection in Step-SteadyState, select Surface Film condition as Type. In the 

Edit Interaction dialog box, select all the external surfaces as Region, Embedded 

coefficient as definition type, enter 0.0028 as typical film coefficient with air, enter 

20 as sink temperature and Ramp as amplitude. Click OK. 

 

 

 

3. Create a new interaction called Int-Radiation in the Step-Transient to model 

the radiation from the teapot to the ambient. Select Surface radiation as type. 

Select all the external surfaces as Region, To ambient as radiation type, 0.9 as 

emissivity coefficient for the steel simulation and 20 as ambient temperature. 

Click OK. Since this effect is nonlinear with temperature, the absolute value of 

temperature has to be defined. Since all the temperature values used now are in 

°C, in the main menu, click ModelEdit AttributesModel Teapot and enter -

273,15 as Absolute zero temperature and 5.67E-014 W/mm2/K−4 as Stefan-

Boltzmann constant. 
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7. Boundary and Loading conditions 

Enter the Load module. 

  

1. Create new boundary conditions to drive the internal temperature.  

Providing temperature boundary conditions in a heat transfer analysis is similar to 

providing displacement boundary conditions within a standard mechanical 

analysis. Create a new Boundary condition called Internal Temperature in the 

Step-SteadyState, select Other as category and Temperature as type. Select the 

surfaces highlighted in the following picture as region for the BC and enter a 

temperature value equal to 95. Maintain ramp as amplitude. 

Define a new Decay amplitude used to simulate an exponential reduction of the 

internal temperature. Double-click on Amplitudes in the model tree, select Decay 

as type, enter EXP as name and enter the parameters shown in the following 

picture. Using the amplitude plotter plug-in you can check the shape of your 

amplitude. From the main menu, select Plug-insToolsAmplitude Plotter. 
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Open the Boundary condition manager, select the BC previously defined in 

correspondence of the Step-Transient and click edit. Enter 1 as magnitude, select 

Exp as amplitude and click OK. This will decrease the temperature in the 

transient step. 

 

 

5. Create the Initial Predefined Field. 

Click on the Create Predefined Field Icon in the vertical toolbar. Select initial as 

the Step, Other as category and Temperature as type, click Continue. Select the 

Whole model as region, select Direct specification as method and enter 20 in the 

Magnitude field. Click OK. 
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8. Job module 

Enter the Job module and create a new Job called Steel. Submit the job and 

monitor the convergence. Ignore the missing history output request warning 

message. 

 

9. Porcelain analysis 

- Modify the section assignments so that now the teapot is constructed of 

porcelain. 

- Edit the emissivity of the Int-Radiation interaction from 0.9 to 0.09. 

- Create a new Job called Porcelain. Submit the job and monitor the 

convergence. 

 

10. Results Visualization 

At the end of the simulations, enter the Visualization module by clicking results 

in the Job manager. 

 

- Visualize the contour plots of the temperature fields of both the Steel and 

Porcelain simulation. What do you learn from these results? 

 

 

 

Figure 3: Temperature contour plots in porcelain (left) and steel (right) simulations. 
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- Use the view cut tool and the ‘Above cut’ and ‘Below cut’ options to create the 

image shown in the title page of this tutorial. 
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