
TUTORIAL 03:

NUMERICAL ASPECT I: FINITE DIFFERENCES



STEP 1: Logging onto the HPC cluster

➢ From a terminal/konsole:

➢ Request one node with the alias command qsubi1

ssh -X login@scp.chpc.ac.za

qsubi1



OBJECTIVES

➢Analyse the temperature equation

➢Admire my dream swimming pool

➢ Discretize the swimming into a regular a mesh grid

➢ Transform continuous derivatives by finite difference approximations

➢ Solve the 1D-Diffusion equation in MATLAB



The Grid

➢ Let’s consider Temperature data (T) discretized on a grid :
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Mean SST from CARS data



My Dream Swimming Pool
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My Dream Swimming Pool
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My Dream Swimming Pool
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➢ Let’s model how the temperature will evoluate in the swimming pool

Solving the 1D Diffusion equation
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➢ Let’s model how the temperature will evoluate in the swimming pool

➢ To do so, you will solve the Temperature équation :

Solving the 1D Diffusion equation



➢ We can simplify the equation, under particular hypothesis:

 There is no currents in the swimming pool

 We do not consider variation of temperature with depth

 It becomes a 1 Dimensional (1D) problem in the 𝑥 coordinate

 The diffusion coefficient (         ) is a constant
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➢ Let’s model how the temperature will evoluate in the swimming pool

➢ To do so, you will solve the Temperature équation :

Solving the 1D Diffusion equation



Solving the 1D Diffusion equation
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➢ Let’s model how the temperature will evoluate in the swimming pool

➢ To do so, you will solve the 1D diffusion equation :

 is the temperature increment during the period of time dt

 is the diffusion coefficient (ex: 0.001 m2/s)

 is the Laplacian operator 
applied to the temperature field with an horizontal scale dx



Finite Difference Definition
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Finite Difference Definition
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➢ Let’s model the temporal derivative 

Te
m

p
e

ra
tu

re
Time∆𝑡 𝑡𝑛 𝑡𝑛+1𝑡𝑛−1



Finite Difference Definition
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➢ Let’s model the temporal derivative 
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Time∆𝑡 𝑡𝑛 𝑡𝑛+1𝑡𝑛−1
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Time∆𝑡 𝑡𝑛 𝑡𝑛+1𝑡𝑛−1

➢ Let’s model the temporal derivative 

𝜕𝑇

𝜕𝑡
=
𝑇𝑖
𝑛+1 − 𝑇𝑖

𝑛

∆𝑡
Forward difference 



Finite Difference Definition
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➢ Let’s model the spatial derivative ∇2𝑇 =
𝜕2𝑇

𝜕𝑥2



Finite Difference Definition
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➢ Let’s model the spatial derivative 

Te
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∆𝑥

𝑥𝑖−1 Space𝑥𝑖+1𝑥𝑖

∇2𝑇 =
𝜕2𝑇

𝜕𝑥2



Finite Difference Definition
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➢ Let’s model the spatial derivative 
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𝑥𝑖−1 Space𝑥𝑖+1𝑥𝑖

∇2𝑇 =
𝜕2𝑇

𝜕𝑥2

 =

 =



Finite Difference Definition
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➢ Let’s model the spatial derivative 

Te
m

p
e

ra
tu

re
∆𝑥

𝑥𝑖−1 Space𝑥𝑖+1𝑥𝑖

∇2𝑇 =
𝜕2𝑇

𝜕𝑥2

 ≈

 ≈

𝑇𝑖+1
𝑛 − 𝑇𝑖−1

𝑛

2∆𝑥
Centered difference



Finite Difference Definition
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➢ Let’s model the spatial derivative 

Te
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e
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∆𝑥

𝑥𝑖−1 Space𝑥𝑖+1𝑥𝑖

∇2𝑇 =
𝜕2𝑇

𝜕𝑥2

 =

 =

𝑇𝑖+1/2
𝑛 − 𝑇𝑖−1/2

𝑛

∆𝑡

𝜕2𝑇

𝜕𝑥2
≈
𝑇𝑖+1
𝑛 − 2𝑇𝑖

𝑛 + 𝑇𝑖−1
𝑛

∆𝑥2

Centered difference



Finite Difference Definition
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➢ Let’s model the spatial derivative ∇2𝑇 =
𝜕2𝑇

𝜕𝑥2

Centered scheme



Finite Difference Definition

21

➢ Let’s model the spatial derivative 

Te
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𝜕2𝑇
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≈
𝑇𝑖+1
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𝑛 + 𝑇𝑖−1
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∆𝑥2
Centered scheme
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➢ Back to the diffusion equation

Solving the 1D Diffusion Equation
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➢ Back to the diffusion equation

becomes..

𝑇𝑖
𝑛+1 − 𝑇𝑖

𝑛

∆𝑡
= 𝐾𝑇𝑣

𝑇𝑖+1
𝑛 − 2𝑇𝑖

𝑛 + 𝑇𝑖−1
𝑛

∆𝑥2

Solving the 1D Diffusion Equation

Forward Euler scheme 
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➢ Back to the diffusion equation

becomes..

Solving the 1D Diffusion Equation

𝑇𝑖
𝑛+1 = 𝑇𝑖

𝑛 + 𝐾𝑇ℎ
∆𝑡

∆𝑥2
𝑇𝑖+1
𝑛 − 2𝑇𝑖

𝑛 + 𝑇𝑖−1
𝑛

Explicit method :  Direct calculation of the 
temperature at a later time from the current time

𝑇𝑖
𝑛+1 − 𝑇𝑖

𝑛

∆𝑡
= 𝐾𝑇ℎ

𝑇𝑖+1
𝑛 − 2𝑇𝑖

𝑛 + 𝑇𝑖−1
𝑛

∆𝑥2
Forward Euler scheme 



➢ We have an explicit formulation:



 The initial condition: 𝑇 at 𝑡 = 0 for all 𝑥
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Solving the 1D Diffusion Equation

𝑇𝑖
𝑛+1 = 𝑇𝑖

𝑛 + 𝐾𝑇ℎ
∆𝑡

∆𝑥2
𝑇𝑖+1
𝑛 − 2𝑇𝑖

𝑛 + 𝑇𝑖−1
𝑛



➢ We have an explicit formulation :



 The initial condition: 𝑇 at 𝑡 = 0 for all 𝑥
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The Computational Algorithm

𝑇𝑖
𝑛+1 = 𝑇𝑖

𝑛 + 𝐾𝑇ℎ
∆𝑡

∆𝑥2
𝑇𝑖+1
𝑛 − 2𝑇𝑖

𝑛 + 𝑇𝑖−1
𝑛



STEP 1: Logging onto the HPC cluster

➢ From a terminal/konsole:

➢ Request one node with the alias command qsubi1

➢ Go your lustre directory and create a dedicated directory

➢ Copy a template of the computational algorithm and start MATLAB

ssh -X login@scp.chpc.ac.za

qsubi1

cd lustre; mkdir diff; cd diff

cp /home/apps/chpc/earth/CROCCO_Workshop/

CROCO_TRAINING_Basic/3_Some_files/My_diffusion_1D.m .



STEP 2: Complete the Initialisation step



STEP 3: Complete the Script

𝑇𝑖
𝑛+1 = 𝑇𝑖

𝑛 + 𝐾𝑇ℎ
∆𝑡

∆𝑥2
𝑇𝑖+1
𝑛 − 2𝑇𝑖

𝑛 + 𝑇𝑖−1
𝑛



STEP 4: Exiting

➢ Exit Matlab:

➢ Give back the compute node:

➢ Logoff the Lengau cluster:

exit

exit

exit


