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Question 1 [20 Marks] 
The model for the temperature distribution in a rod of length L = 6m is as given in Equation (1),    =         ……………………………………….(1) 
where  
c = 2.2 cm2 /hr …………………………………………(2) 
with the conditions that the temperature ():
T(x, 0) = 3x2…………………………………………………………. (3) 
T(0, t) = 0 …………………………………………………………………(4)
T(L,t) = 108 ……………………………………………………………….(5)  
Using ∆t= 02 .0 hr and ∆x =3.0 cm, obtain the temperature profile of the system for 0 ≤ t ≤ 3 .0 hr
(a) manually, in tabular form, solving up to t =0 .02 hr and x = 6cm
SOLUTION
   = 
Simplifying the above equation using the forward difference method for first order and the central difference for the second order; gives:
   =    
 Ti+1,j – Ti,j  =   ( )
Let r = =    
Ti+1,j – Ti,j  = r ( )
Ti+1,j  = r ( ) +  Ti,j  
Ti+1,j  = r 
The boundary conditions are:
T(0, t) = 0
T(L,t) = 108 
And L = 6cm
T(x, 0) = 3x2
c = 2.2 cm2 /hr
 = 0.02 hr
 = 0.3cm
r =  =  = 0.4889
 =  =  = 20
 =  =  = 15

	
	TIME t VALUES

	 Distance x values
	
	i
	 0
	1

	
	j
	
	0.00
	0.02

	
	0
	0.0
	0
	0

	
	1
	0.3
	0.27
	0.534

	
	2
	0.6
	1.08
	1.344

	
	3
	0.9
	2.43
	2.694

	
	4
	1.2
	4.32
	4.584

	
	5
	1.5
	6.75
	7.014

	
	6
	1.8
	9.72
	9.984

	
	7
	2.1
	13.23
	13.494

	
	8
	2.4
	17.28
	17.544

	
	9
	2.7
	21.87
	22.134

	
	10
	3.0
	27.00
	27.264

	
	11
	3.3
	32.67
	32.934

	
	12
	3.6
	38.88
	39.144

	
	13
	3.9
	45.63
	45.894

	
	14
	4.2
	52.92
	53.184

	
	15
	4.5
	60.75
	61.014

	
	16
	4.8
	69.12
	69.384

	
	17
	5.1
	78.03
	78.294

	
	18
	5.4
	87.48
	87.744

	
	19
	5.7
	97.47
	97.734

	
	20
	6.0
	108.00
	108




(b) with the aid of Microsoft Excel, in tabular and 3D graphical forms, and 
SOLUTION
[image: ] [image: ]
[image: ]

(c) with the aid of MATLAB, in tabular and 3D graphical forms.   
SOLUTION
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10 Time t

n 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 02 022 024 0.26 028 03

12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

13 03 027  0.534 066893  0.801 0.90215 1.00125 1.0855 1.16812 124181 131413 138043 144554 150629  1.566 162239 1.67786

14 0.6 1.08 1344 1608 18089  2.007 2.17484 233999 248698 2.63155 2.76388 2.89404 3.01535 3.13472 3.24735 3.35823 3.46382

15 09 243 2694 2958 3222 345515 3.68625 3.89513 4.10155 4.29195 4.47987 4.65578 4.82932 4.99353 5.15551 5.31004 5.46248

16 12 432 4584 4848 5112 5376 562492 58725 610558 633674 655569 6.77248 697918 7.18366 737975 7.57365 7.76051

17 15 675 7014 7278 7542 7.806 8.07 832663 8.58243 8.82938 9.07494 931197 9.54729 9.77489 10.0006 10.2195 104364

18 18 972 9984 10248 10512 10776  11.04 11304 11.5644 11.8243 12.079 12.3328 12.5809 12.8278 13.0692 13.309 13.5436

19 21 1323 13494 13758 14.022 14286 1455 14.814 15078 153402 156022 15.8612 16.1196 16.3744 16.6283 16.8784 17.1275

20 24 1728 17544 17.808 18.072 18336 186 18.864 19.128 19.392 19.6551 19.9181 20.1794 20.4404 20.6991 20.9572 21.2126

21 27 2187 22134 22398 22662 22926 23.19 23454 23718 23.982 24246 24.5096 24.7731 25.0356 25.2978 25.5584 25.8186

22 3 27 27264 27528 27792 28056 2832 28584 28848 29112 29376  29.64 29.9036 30.1671 30.4296 30.6918 30.9525 = =
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17 15 6.75 7014 7278 7.542 7.806 8.07 832663 858243 882938 9.07494 931197 9.54729 9.77489 10.0006 10.2195 10.4364
18 18 972 9984 10248 10512 10.776 1104 11304 115644 118243 12079 12.3328 125809 12.8278 13.0692 13309 13.5436
19 21 1323 13494 13758 14.022 14286 1455 14814 15078 153402 156022 158612 16.1196 163744 166283 16.8784 17.1275
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3D GRAPHICAL FORM OF THE MODEL

Time 1024
Time 1016

Time t0.08

Time t0
DISTANCE X

H020 W2040 W00 W60 WEO-00 W100-120

97.734 97.8689 98.001 98.1022 982012 98.2855 983681 984418 985141 98.5804 98.6455 987063 98.766 98.8224 98.8779
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