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Sheet five 
A wall is subjected to boundary conditions as shown in the following problems 

where the wall is large relative to its thickness 

Determine 

a) The nodal finite-difference equations 

b) The nodal temperature using Gauss-Seidel Iteration with maximum relative 

error of 𝜀 and initial value of 𝑇𝑖  as shown in following table  
Problem 1 2 3 4 5 6 

𝜀 0.003 0.004 0.006 0.003 0.006 0.006 

𝑇𝑖  
110 110 200 180 150 40 

 

  

 (مشفق مع انشيت)انسؤال الاول وانثانث محهىنين حم نمىرجً  -1

 انسؤال انثانً وانسادس سيتم ششحهم فً انسكشن -2

 انسؤال انشابع وانخامس سيحههم انطانب ويقذمهم فً تقشيش منظم فً انمىعذ انزي سيحذده انمعيذ -3

 فً حانة تقذيم انتقشيش بعذ انمىعذ انمحذد فهن يقبم منو مهما كانت الاعزاس ونن تىضع نو دسجة -4
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Solution of problems 1 and 3 

1)  
𝑎) 𝑇ℎ𝑒 𝑛𝑜𝑑𝑎𝑙 𝑓𝑖𝑛𝑖𝑡𝑒 −  𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛𝑠 
𝑁𝑜𝑑𝑒 1 

 𝑞 Δ𝑥 +  𝑘
100 − 𝑇1

Δ𝑥
+  𝑘

𝑇2 − 𝑇1

Δ𝑥
= 0 ×

Δ𝑥

𝑘
 

𝑞 Δ𝑥2

𝑘
+  100 − 𝑇1 + 𝑇2 − 𝑇1 = 0 

100000 × 0.022

30
+  100 +  𝑇2 −  1 + 1 𝑇1 = 0 

𝑇1 = 50.6667 +  0.5 𝑇2 
 

𝑁𝑜𝑑𝑒 2 

 𝑞 Δ𝑥 +  𝑘
𝑇1 − 𝑇2

Δ𝑥
+  𝑘

𝑇3 − 𝑇2

Δ𝑥
= 0 ×

Δ𝑥

𝑘
 

𝑞 Δ𝑥2

𝑘
+ 𝑇1 − 𝑇2 +  𝑇3 − 𝑇2 = 0 

100000 × 0.022

30
+  𝑇1 +  𝑇3 −  1 + 1 𝑇2 = 0 

𝑇2 = 0.666667 +  0.5 𝑇1 +  0.5 𝑇3 
 

𝑁𝑜𝑑𝑒 3 

 𝑞 Δ𝑥 +  𝑘
𝑇2 − 𝑇3

Δ𝑥
+  𝑘

𝑇4 − 𝑇3

Δ𝑥
= 0 ×

Δ𝑥

𝑘
 

𝑞 Δ𝑥2

𝑘
+ 𝑇2 − 𝑇3 + 𝑇4 − 𝑇3 = 0 

100000 × 0.022

30
+  𝑇2 +  𝑇4 −  1 + 1 𝑇3 = 0 

𝑇3 = 0.666667 +  0.5 𝑇2 +  0.5 𝑇4 
 

𝑁𝑜𝑑𝑒 4 

 𝑞 Δ𝑥 +  𝑘
𝑇3 − 𝑇4

Δ𝑥
+  𝑘

𝑇5 − 𝑇4

Δ𝑥
= 0 ×

Δ𝑥

𝑘
 

𝑞 Δ𝑥2

𝑘
+ 𝑇3 − 𝑇4 +  𝑇5 − 𝑇4 = 0 

100000 × 0.022

30
+  𝑇3 +  𝑇5 −  1 + 1 𝑇4 = 0 

𝑇4 = 0.666667 +  0.5 𝑇3 +  0.5 𝑇5 
 

𝑁𝑜𝑑𝑒 5 
𝑞 Δ𝑥

2
+  𝑘

𝑇4 − 𝑇5

Δ𝑥
= 0      ×

Δ𝑥

𝑘
 

𝑞 Δ𝑥2

2𝑘
+ 𝑇4 − 𝑇5 = 0 
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100000 × 0.022

2 × 30
+  𝑇4 −  1 𝑇5 = 0 

𝑇5 = 0.666667 + 𝑇4 
 

b)      The nodal temperature using Gauss-Seidel Iteration with relative error of 0.003 and initial 

value of 110 

𝑇1 = 50.6667 +  0.5 𝑇2 
𝑇2 = 0.666667 +  0.5 𝑇1 +  0.5 𝑇3 
𝑇3 = 0.666667 +  0.5 𝑇2 +  0.5 𝑇4 
𝑇4 = 0.666667 +  0.5 𝑇3 +  0.5 𝑇5 
𝑇5 = 0.666667 + 𝑇4 

 

𝑒𝑟𝑟𝑜𝑟 =   
𝑡𝑛𝑒𝑤 − 𝑡𝑜𝑙𝑑

𝑡𝑜𝑙𝑑
  

 
1 error 2 error 3 error 4 error 5 error 6 error 

110 105.667 0.0394 104.917 0.0071 104.708 0.0020 104.682 0.0002 104.757 0.0007 104.857 0.0010 

110 108.5   108.083   108.031 0.0005 108.18 0.0014 108.382 0.0019 108.587 0.0019 

110 109.917   110.021   110.344 0.0029 110.673 0.0030 110.984 0.0028 111.27 0.0026 

110 110.625   111.323   111.833 0.0046 112.253 0.0038 112.619 0.0033 112.944 0.0029 

110 111.292   111.99   112.5   112.92   113.285   113.611 0.0029 

 

3) 
𝑎) 𝑇ℎ𝑒 𝑛𝑜𝑑𝑎𝑙 𝑓𝑖𝑛𝑖𝑡𝑒 −  𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛𝑠 
𝑁𝑜𝑑𝑒 1 

 𝑞 Δ𝑥 +  𝑘
100−𝑇1

Δ𝑥
+  𝑘

𝑇2−𝑇1

Δ𝑥
= 0 ×

Δ𝑥

𝑘
 

𝑞 Δ𝑥2

𝑘
+  100 − 𝑇1 + 𝑇2 − 𝑇1 = 0 

1000000 × 0.022

30
+  100 +  𝑇2 −  1 + 1 𝑇1 = 0 

𝑇1 = 56.6667 +  0.5 𝑇2 
 

𝑁𝑜𝑑𝑒 2 

 𝑞 Δ𝑥 +  𝑘
𝑇1 − 𝑇2

Δ𝑥
+  𝑘

𝑇3 − 𝑇2

Δ𝑥
= 0 ×

Δ𝑥

𝑘
 

𝑞 Δ𝑥2

𝑘
+ 𝑇1 − 𝑇2 +  𝑇3 − 𝑇2 = 0 

1000000 × 0.022

30
+  𝑇1 +  𝑇3 −  1 + 1 𝑇2 = 0 

𝑇2 = 6.66667 +  0.5 𝑇1 +  0.5 𝑇3 
 

𝑁𝑜𝑑𝑒 3 

 𝑞 Δ𝑥 +  𝑘
𝑇2 − 𝑇3

Δ𝑥
+  𝑘

𝑇4 − 𝑇3

Δ𝑥
= 0 ×

Δ𝑥

𝑘
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𝑞 Δ𝑥2

𝑘
+ 𝑇2 − 𝑇3 + 𝑇4 − 𝑇3 = 0 

1000000 × 0.022

30
+  𝑇2 + 𝑇4 −  1 + 1 𝑇3 = 0 

𝑇3 = 6.66667 +  0.5 𝑇2 +  0.5 𝑇4 
 

𝑁𝑜𝑑𝑒 4 

 𝑞 Δ𝑥 +  𝑘
𝑇3 − 𝑇4

Δ𝑥
+  𝑘

𝑇5 − 𝑇4

Δ𝑥
= 0 ×

Δ𝑥

𝑘
 

𝑞 Δ𝑥2

𝑘
+ 𝑇3 − 𝑇4 +  𝑇5 − 𝑇4 = 0 

1000000 × 0.022

30
+  𝑇3 + 𝑇5 −  1 + 1 𝑇4 = 0 

𝑇4 = 6.66667 +  0.5 𝑇3 +  0.5 𝑇5 
 

𝑁𝑜𝑑𝑒 5 
𝑞 Δ𝑥

2
+  ℎ  𝑇∞ − 𝑇5 +  𝑘

𝑇4 − 𝑇5

Δ𝑥
= 0      ×

Δ𝑥

𝑘
 

𝑞 Δ𝑥2

2𝑘
+

Δ𝑥ℎ𝑇∞
𝑘

−
Δ𝑥ℎ

𝑘
𝑇5 +  𝑇4 − 𝑇5 = 0 

1000000 × 0.022

2 × 30
+

0.02 × 70 × 35

30
+ 𝑇4 −  

0.02 × 70

30
+ 1 𝑇5 = 0 

𝑇5 = 7.92994 + 0.955414 𝑇4 
 

b)   The nodal temperature using Gauss-Seidel Iteration with relative error of 0.006 and initial 

value of 200 

𝑇1 = 56.6667 +  0.5 𝑇2 
𝑇2 = 6.66667 +  0.5 𝑇1 +  0.5 𝑇3 
𝑇3 = 6.66667 +  0.5 𝑇2 +  0.5 𝑇4 
𝑇4 = 6.66667 +  0.5 𝑇3 +  0.5 𝑇5 
𝑇5 = 7.92994 + 0.955414 𝑇4 

𝑒𝑟𝑟𝑜𝑟 =   
𝑡𝑛𝑒𝑤 − 𝑡𝑜𝑙𝑑

𝑡𝑜𝑙𝑑
  

0 1 𝑒𝑟𝑟𝑜𝑟 2 𝑒𝑟𝑟𝑜𝑟 3 𝑒𝑟𝑟𝑜𝑟 4 𝑒𝑟𝑟𝑜𝑟 5 𝑒𝑟𝑟𝑜𝑟 6 𝑒𝑟𝑟𝑜𝑟 
200 156.667 0.2167 149.167 0.0479 147.083 0.0140 146.823 0.0018 147.069 0.0017 147.45 0.0026 

200 185   180.833   180.313   180.805 0.0027 181.567 0.0042 182.354 0.0043 

200 199.167   200.208   201.454   202.732 0.0063 203.925 0.0059 205.004 0.0053 

200 206.25   209.263   211.325   212.949   214.321 0.0064 215.517 0.0056 

200 204.984   207.863   209.833   211.385   212.696   213.838 0.0054 

 


