


Objectives

* Present a simple 1D Transient Advection-Diffusion problem
e Similar to the diffusion problem we have seen earlier




1D Advection-Diffusion Problem

Tend1 = 0 deg.C Tin = 100*(x/L) deg.C Tend2 =100 deg.C
><  Fluid flow U=0.1CM/s =— a =0.01 cm2/s >
L=1cm |
"
X

Porous Plate



1D Advection-Diffusion Equation

fi +u*fy =a*fi, (1); f(x, t); u - convection velocity, a - diffusion coefficient
In terms of temperature, f(x,t) = T(x, t)

Tt+u*TX=O(*TXX

oT *a_T=a* 9°T

5 TUT oo Py cvereeeennn(2); T(Temp) = T(x, t); x — spatial coordinate, t — time




1D Advection-Diffusion Equation — Exact Solution — At Steady State




BTCS - Backward-Time Centered-Space Method
Ti+u*Ty=a*T,,
Let us discretize the domain. Here, i represents the node location and n represents the time step.

Tir1+1 =T T{l++11 Tin—-l-11 Tin—-l-11 _Z*Tin+1 T{l++11 :
il B S u * = o * ; Rearranging, we get

g =Ti"-(2“ffii) (TEEL = L)+ (S8 (0D T T S (a)

Let

TP =T - (;) (TRE' — TZEY) + d * (T2 — 2 *Tin+1 T L) seveeener(5)

1

Simplifying,

(S a) s (TR + @+ 2%d) * T4 (S = ) (TREY) = TR 5. (6)

Equation (6) is the BTCS finite difference approximation of the original equation



BTCS - Backward-Time Centered-Space Method

 BTCS method is an implicit method

* Equations need to be solved simultaneously as we have unknown
temperatures at neighbouring points for the same time step.

* The resulting tri-diagonal system of equations can be solved by
methods such as Thomas Algorithm.

* The advantage of implicit methods is these are unconditionally
stable.

e But the time and space steps still need to be smaller for accuracy
considerations, not stability considerations in general

* The error is O(At) + O(Ax?)



* Now let us discretize the 1D domain into, m (say 5) segments / grid
spacings (equally spaced) as shown below.




- (Std)x (TR + (@ 2%d) * T 4 (S d)

*leti=2,3,4&5&n=0, Eq6) becomes

- (Std) s (D2 T+ (S d) * (T = TP,




* Rearranging the equations (7) to (10)

. (1+2*d)*T21+(%—d)*(T31)

- (S4d)x (T + @+ 2%d) * TE + (£ — d) * (T])




e Rearranging in matrix form,

C

;+d) + T11

1+2d  (£-d) 0 0 (
(s+d) 12 (3-a) o |13 (1) [ 7
0 -(£+d) 1+2d (S-aq)|\T4 )\ T4 0




e lLet At=0.5s; Ax=L/m=1/5=0.2cm

a x At 0.01x0.5

cd= (25 = (522 )=o.125;




* Initial Conditions:
X

* T(x,0) =100 * (%) ;x=0.0,0.2, 0.4, 0.6, 0.8, 1; (for six nodes)

* T(0,0) =0 °C; T(0.2,0) =20 °C; T(0.4,0) =40 °C;
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* The above equation can be solved using Thomas Algorithm (TA) as the matrix we are dealing with, is like a



 Likewise, we can find the temperatures at these interior nodes at the
next time step by choosing n = 2 and so on

* Graphical results are presented using MATLAB for this case.

* Using MATLAB or other software, we can develop codes for a general case




summary

In this video,

* We presented a 1D Advection-Diffusion Problem

e \We discretized our domain and solved the problem using B



