Question 1 [20 Marks]

The model for the temperature distribution in a rod of length L = 6m is as given in Equation (1),

aT(xt) _  9%T(xt)

or . STz s (1)
where
C=2.2CM2/Ar oo (2)

with the conditions that the temperature (°C):

T(X, 0) = BX% ettt et eee sttt (3)
SE(O TR T J O (4)
LI 0 SO (5)

Using At= 02 .0 hr and Ax =3.0 cm, obtain the temperature profile of the system for0<t<3.0 hr

(a) manually, in tabular form, solving up to t =0 .02 hr and x = 6cm

SOLUTION
aT(xt) _  9°T(xt)
ac dx2

Simplifying the above equation using the forward difference method for first order and the
central difference for the second order; gives:

Tip1y=Tij _  Tij+1-2Tyj4T; ;4
At (Ax)?
cAt
Tins=Tiy = 5z (Tijn—2ryjary )
cAt
letr==——
(Ax)?

Tivgj=Tij =r (T jpq - 2Ti_]-+Ti_]-_1)
Tivr =0 (Tjje1 - 2Ti_]-+Ti_]-_1) + Tij
Ty = r T j1+1-21) Tij+7Tij-1
The boundary conditions are:

T(0,t)=0
T(L,t) = 108
And L =6cm
T(x, 0) = 3x?
c=2.2cm?/hr
At =0.02 hr
Ax =0.3cm
cAt  2.2%0.02
r= o o - 0.4889
x 6
nx = E = E =20
t 03
nt = A_t = m =15
TIME t VALUES
Distance x i 0 1
values 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
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1 |xf [
2 |tf 0.3
3 |n 20
4 'm 15
5 |dx 0.2
6 |dt 0.02
Tr 0.488889
8 |c 2.2
9
10 Time t
1 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 02 022 024 0.26 0.28 03
12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
13 03 027 0.534 0.66893 0.801 090215 1.00125 1.0855 1.16812 124181 131413 138043 144554 150629 1.566 162239 167786
14 06 108 1344 1608 18089 2007 217484 233999 248698 263155 276388 289404 3.01535 313472 324735 335823 346382
15 09 243 2654 2958 3222 345515 3.68625 3.89513 4.10155 429195 447987 465578 4.820932 4.99353 5.15551 531004 5.46248
16 12 432 4584 4.848] 5112 5376 562492 5.8725 6.10558 633674 6.55569 6.77248 6.97918 7.18366 7.37975 7.57365 7.76051
17 15 6.75 7.014 7.278 7.542 7.806 8.07 832663 858243 882938 907494 931197 954729 977489 10.0006 10.2195 10.4364
18 18 9.72 9984 10248 10512 10776 11.04 11304 115644 11.8243 12079 123328 125809 128278 13.0692 13.309 13.5436
19 21 1323 13494 13758 14.022 14286 1455 14814 15078 153402 156022 158612 16.1196 16.3744 16.6283 16.8784 17.1275
20 24 1728 17544 17808 18072 18336 186 18864 19.128 19392 196551 199181 20.1794 204404 206991 209572 212126
21 27 2187 22134 22398 22662 22926 2319 23454 23718 23982 24246 245096 24.7731 25.0356 25.2978 25.5584 25.8186
22 3 27 27204 27528 27792 28.056 2832 28584 28848 29112 29376 29.64 299036 30.1671 304296 306918 309525
23 33 3267 32934 33198 33462 33726 3399 34254 34518 34782 35046 353096 355731 358356 36.0978 36.3584 36.6186
24 36 3888 39144 39408 39672 39936 402 40464 40.728 40992 412551 415181 41.7794 420404 422091 425572 428126
25 39 4563 45894 46.158 46422 46686 4695 47214 47478 477402 48.0022 482612 485196 487744 49.0283 492784 495275
26 42 5292 53184 53448 53712 53976 5424 54504 547644 550243 55279 555328 55.7809 56.0278 56.2692 56.509 36.7436
27 45 60.75 61014 61278 613542 61.806 62.07 623266 625824 628294 63.0749 63312 63.5473 63.7749 64.0006 64.2195 644364
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31 g 57 9747 97734 978689 98001 981022 982012 982855 983681 984418 985141 985804 98.6455 987063 98.766 988224 98.8779
32 e 6 108 108 108 108 108 108 108 108 108 108 108 108 108 108 108 108 B
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3D GRAPHICAL FORM OF THE MODEL

Time t0.24

Time t 0.16
030509121513 Time t 0.08
212437 5
3'3353942454851 Time t0
DISTANCE X 5457 6

m0-20 m20-40 w40-60 m60-80 wmB0-100 m100-120

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

SOLUTION
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[ QUESTIOMA4dii.m [ IMAIBO1BEMNGO402EEMG382ASSIGHT.m [ =4 |
2 function T=Isaiah(c,dt,d=,x0,xf,t0,tf, nx,nt)
3 - c = 2.2;
4 — dt=0.02;
5 — dx=0.3;
6 — x=0=0;
T = xf=6;
8 — t0=0;
Z)[= tf=0.3;
10 — nx = (xf-=0)/dx;
11 — nt=(tf-t0) /dt;
12 — ¥ = [x0:dx:xf];
13 — t = [t0:dt:tf];
14 — r = (c*dt)/ (dx"~2);
15 — T = zeros(nt+l,nx+l);
16 — T({l,l:nx+1l) = 3*({x."2);
17 — T(l:nt+l,1l) = zerocs(nt+l,1):
18 — T{l:nt+l,nx+l) = 108* (cnes(nt+l,1));
3] (= for § =1:nt
20 — for i=2:inx
21 - T(J+1,1)=r*T(3,i+1)+((1-(2*r) ) *T(J, 1)) +r*T(J,i-1);
22 — end
23 — end
24 — T
25 — mesh (%, T, T)
26
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