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Instructions:
(i) Read all questions carefully and answer accordingly. 
(ii) Do not write anything on the question paper other than roll number.
(iii) Books, notes and data handbooks are allowed.
(iv) Make suitable assumptions wherever required with justification.

1 For the control volume shown in figure 1, show how the one-dimensional steady-state diffusion term  is discretized to obtain its discretized equation  for central grid nodal point P.
[image: A diagram of a line with arrows and a circle

Description automatically generated with medium confidence]
Figure 1. 
[25] (CO3) [Application] 

2 Consider the generic transport equation for a scalar quantity , and its finite volume formulation using a standard cell-centered grid in which is defined at the cell centroid and velocity field values are taken at the faces of the control volume. For convection-dominated problems, upwind interpolations are commonly used to approximate the value of at face centers. A quadratic upwind interpolation (QUICK) scheme can be derived using polynomial fitting. Show that the QUICK interpolation formulation on a uniform Cartesian grid is given by

[25] (CO3) [Application]
3 In the cross section illustrated in Figure 2, the surface 1–4–7 is insulated (adiabatic). The convective heat transfer coefficient at surface 1–2–3 is 28 W/m² °C. The thermal conductivity of the solid material is 3.5 W/m² °C. The temperature at nodes 3, 6, 7, 8, 9 is held constant at 100 °C. Using Gauss-Seidel iteration, compute the temperature at nodes 1, 2, 4, and 5.
[image: ]
Figure 2
 [25] (CO4) [Application]
 4 Use a von Neumann stability analysis to show for the wave equation that a simple explicit Euler predictor using central differencing in space is unstable. The difference equation is

Now show that the same difference method is stable when written as the implicit formula:
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