
1. Introduction 
 

hotSPICE is a linear thermal circuit simulation tool. The purpose of hotSPICE is to 
introduce thermal circuit computation and theory to undergraduate heat transfer students. It is 
designed so that students can quickly simulate a variety of thermal problems typically found in 
undergraduate engineering courses. Students are expected to examine their problem carefully and 
produce a hand sketch of the circuit they intend to simulate before they use hotSPICE.  

 
hotSPICE was developed at Purdue University for use as a tool at www.thermalhub.org. 

The source code is a general-purpose electric circuit simulator called SPICE. The latest version 
of SPICE (called SPICE3f4) can be found as a tool at www.nanohub.org. Note that for additional 
details on the source code refer to the User's Manual for SPICE3f4.  
 
 Circuits can be comprised of any combination of: resistors, capacitors, temperature 
sources, and heat sources. Both steady-state and transient simulations can be performed. Plots of 
temperature and heat transfer rates can be created for transient simulations.  
 
2. Front-end (GUI) Description 
 
 The front-end of hotSPICE is shown in figure 2.1. Section A, as shown in the figure, is a 
figure that provides a brief summary of the types of circuit elements available to the user. It also 
displays the sign convection used for heat transfer. The circuit to be analyzed by hotSPICE is 
described by the user via a multitude of input prompts in section B. Every prompt must be 
addressed by the user, or unintended results or errors will occur. A user will first enter values to 
describe each element in the circuit. Next, the user must choose the type of analysis to execute. 
For a steady-state analysis, no further inputs are required. For a transient simulation, additional 
inputs are required for simulation and plotting results. Section C marks the location of the 
simulate button. Click here when you are ready to view your results. Below in section D is a 
brief description of the tool.  

 
Figure 2.1. Front-end 
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3. Circuit Description and Circuit Elements 
 
 The circuit and its elements are described in the "Circuit Element" tab. The user must 
first specify the total number of elements in the circuit. Next, for each element the following 
inputs must be provided. 
 

i. type - elements include: resistors, capacitors, temperature sources, and heat 
sources 

ii. value - enter in a value for each element with the appropriate units 
iii. positive node - All nodes are labeled by number. Node "0" is reserved for ground. 

A node is considered positive or negative only for sign convection purposes.  
iv. negative node - " " 
v. initial condition - This option is only available for capacitors. Enter a value with 

appropriate units. 
 

The layout of the circuit is described by nodes. This is how hotSPICE determines the 
relative position of each element in the circuit. Each element is bounded by two nodes, through 
which each is connected to other elements or ground. In addition, each element must have a path 
to ground. Capacitors must be directly connected to ground. Thus, when capacitor is selected the 
negative node defaults to "0" for ground. If your results appear incorrect, double check that each 
node is labeled correctly. In addition, if your results for heat transfer rate are of the wrong sign, 
switch the positive and negative nodes. 
 

The following units are used for each element's value. Units do not need to be provided to 
hotSPICE by the user. 
 resistor - [K/W] (degrees Kelvin per Watt) 
 capacitor - [J/K] (Joules per degree Kelvin) 
 temperature source - [K] (Kelvin) 
 heat source - [W] (Watts) 
 
4. Analysis 
 

The type of analysis to be performed on a circuit is chosen in the "Analysis Options" tab. 
Here the user can choose between a steady-state and transient simulation. For steady-state 
simulations, no further inputs are required. Results are presented in text format in an output file. 
In addition, if a capacitor is opened in steady-state, and no heat flows through it.  

 
If a transient simulation is selected, additional inputs are required. For computing 

purposes, both the time step and the simulation time must be provided. hotSPICE assumes that 
the simulation starts from time = 0. In transient simulations, the user has the option of producing 
two different plots -- one for temperature versus time, and one for heat transfer rate versus time. 
The first input prompt under plot options is for the temperature plot. Here, the user lists the 
nodes to add to the plot. Nodes are to be listed by number, and separated by spaces. For example, 
to plot the temperature at nodes 1, 4, and 8, the user should enter "1 4 8" into the input prompt. 
Each node is plotted as a separate curve on the same graph. The second prompt is for the heat 
transfer plot. Here, the user can enter in the element number for temperature sources to plot the 
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heat transfer. Again, several temperature sources can be listed. In this case, the heat transfer 
across each temperature source is plotted as a separate curve, all on the same graph. For 
example, suppose the user wishes to plot the heat transfer across three different temperature 
sources. The user must check for each source's element number as shown in figure 4.1, and list 
those numbers in the prompt. If nothing is provided for either plot (nodes or sources) then no 
graphs are produced.   

 

 
 
5. Example 
 
 The following example is a commonly cited heat transfer problem. A plane wall separates 
two fluids at different temperatures as shown in figure 5.1. This problem can be represented by a 
thermal circuit in hotSPICE as shown in figure 5.2. Here, a temperature source is used to 
represent the ambient temperature of each fluid stream, and three resistances are used for the two 
convection boundaries and conduction through the wall. Notice that the loop is closed via a 
ground node, and that all elements have a path to ground. 
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Figure 5.1: Plane wall schematic 
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Figure 5.2. Thermal circuit of plane wall problem 


