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¢  Only hand written note in 1 A4 is allowed

e There are 5 pages of the exam not include the cover page

e Identify each page with your name or at least your code

e If need to write the answers at the back of each page, please identify the problem
number

e  Writing clearly and concisely will be your advantage. Explanation of your answer is
required.

Name code

Problem Number Score
1 30
2 30
3 30
4 30
5 30
Total 150
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1 [30 points] The following three reactions occur in a coal gasifyer

H, +0.5 O, 2 H,0 K1 = (1 + €1) (M — 0.5€1 +0.5)°°
(2-0.5e1 - 0.5e2 - €3)°*(0.38 - e1)P°*

C+0.50,> CO KD = e2p°
(2-0.5¢1 - 0.562 - €3)°° (1, - 0.5e1 + 0.5)°
total

C+0; > CO, K3 = e3
(2 -0.5el - 0.5e2 - €3)°*

el, €2, and e3 represent the number of moles of H, used in reactions 1, 2 and 3, respectively.

1.1 Set up the equations of fl(el,e2,e3), f2(el,e2,e3) and f3(el,e2,e3) used in Newton- Raphson
method.

1.2 Show algorithm of solving el, e2 and €3 by Newton-Raphson method.
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2 [30 points] The outflow chemical from completely mixed reactor is measured as

t, min 0 2 4 6 8 12 16 20

C, mg/m’ 0 20 30 40 60 72 70 50

For an outflow of Q = 12 m*/min, you can estimate the mass of chemical that exits the reactor
fromt=0tot=20.

2.1 Write the formula and algorithm of using trapezoidal rule to estimate the mass.

2.2 Can we use Simpson’s 1/3 rule to estimate the mass and why?

2.3 Write formula and algorithm of using Simpson’s 1/3. If your answer in (2.2) is “No”, what

are your assumptions to solve the problem?
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3 [30 points] The modified Euler method can be written in Runge-Kutta format as:

k; =f(yi, thh

ko =f(yit ky, tith )h

yir1 = ¥i + (kitkp) /2 (a)
If dy/dt =f(y,t) = -Ay ®)

y(0) =yo A is a positive constant
3.1 Write out equation (a) for equation (b) with the step size h.
3.2 What is the approximate maximum integration step h that you could use with the Euler

method to maintain a stable solution?
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4 [30 points] Consider dy/dt=f(y,t)=-Asiny +e", y(0) =y, (c)
4.1 Apply the implicit Euler method, y;+; = y; + dyi+1 /dt * h to equation (c).
4.2 Use Euler to estimate y;+; and calculate y;.; from (4.1).

4.3 Write algorithm to solve this problem.
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5 [30 points] Using the shooting method and modify Euler integration to solve

a

dz}zf _pY y + x =0 When coefficients a and b are positive real numbers. The boundary
dx ax

condition for the equation are y(0) = yo and y(20) = y»o. Write the algorithm to solve the

problem.



