ENG NEERI NG PHYSI CS 4D3/ 6D3

DAY CLASS Dr. Wn Garl and
DURATI ON: 3 hours Page 1 of 4
McMASTER UNI VERSI TY FI NAL EXAM NATI ON Decenber 11, 1991

Speci al Instructions:

1. Open Book. All calculators and reference materi al
permtted.

2. Do all questions.

3. The val ues of each question is as indicated.

TOTAL Val ue: 100 mar ks

THI'S EXAM NATI ON PAPER | NCLUDES 4 PAGES AND 8 QUESTI ONS. YOQU ARE
RESPONSI BLE FOR ENSURI NG THAT YOUR COPY OF THE PAPER IS COVPLETE
BRI NG ANY DI SCREPANCY TO THE ATTENTI ON OF YOUR | NVI G LATOR

1. [ 15 Marks Total ]

(5 marks)

a) Boron is a common materi al used to shi el d agai nst t hernal
neutrons. Estinmate the thickness of boron required to
attenuate an incident thermal neutron beamto 0.1 % of
its intensity. Use E, = 103 cm".

(10 marks)

b) Consi der the case where 10 neutrons / sec cross a unit
area in the positive direction and 0.5 x 10' neutrons /
sec cross the sane unit area in the negative direction.
Conmpute the neutron flux and the neutron current.

2. [10 Marks Total]

I n nucl ear reactors a new y-fornmed radi oactive isotope A may
be transforned into another isotope B by neutron absorption
before it has had an opportunity to decay. Neutron absorption
occurs at a rate proportional to the anmount of isotope A
present in the system If the proportionality constant is
denoted by c, and the rate of production (atons of A/ sec) is
denoted by R (a constant), what is the nunber of atons of
i sotope A present as a function of time?

3. [ 10 Marks Total ]
For a planar source of neutrons, S neutrons / cnf sec, in an

infinite absorbing nedium we know that the flux distribution
is given by:
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where L is the diffusion length, D is the diffusion
coefficient, and x is the distance fromthe planar source.

(7 marks)
a) Integrate over space to find the total absorption rate of
neutrons in the right hand half of the absorbing nmedi um

(3 marks)
b) Conpare (a) to the current at the source pl ane.

4. [ 10 Marks Total ]

Consi der a honpgeneous, critical reactor in the shape of a
finite cylinder. The radius, R and length, L, are such that
the reactor's volunme is a mninmum ie., this configuration
represents the smallest critical mass possible for this
geonetric shape. The geonetric buckling, B;, I's conposed of
a radi al buckling and an axi al buckling. What is the ratio of
t he radi al buckling to the axial buckling?

5. [ 15 marks total]

For an infinite

cylindrical reactor with a

refl ector boundary as

shown:

( s) REFLECTOR
4 mar ks

a) State the 2 group ——

di ffusion equations for CORE

the core and reflector

regions. Assume no

upscatter.

(4 marks)

b) State and justify your - a—

boundary conditi ons. v

(4 marks)

c) Qutline the procedure

for solving the above

equati ons. Don't solve

the equations; it is quite time consum ng. |ndicate how you

would find the criticality equation.
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(3 marks)
d) Sketch the flux distributions. Explain any significant
features.

6. [ 15 Marks Total ]
(5 marks)

a) The general nultigroup neutron diffusion equations with
del ayed precursors are given by:
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Define each variable. Explain the significance ofeach
termlIn these equations, what does "tightly coupl ed" i nply?
VWhat does " no upscattering inply"?

(5 marks)
b) Group collapse the equations in (a) to the one group
approxi mati on. Show the internedi ate steps.

(5 marks)

c) Sinplify the equations by assum ng that the half |ives of
all the delayed neutrons are very short (ie., virtually
i nst ant aneous decay).

7. [ 10 marks total]

Consider a long fuel pencil in an axially flow ng cool ant.
The flux shape is a cosine in the axial direction. Derive an
expression for the steady state tenperature of the fuel penci
as a function of axial position. Assune that the fuel penci
has no sheath

[H nt: You can get the centerline tenperature of the fuel as
a function of |ocal power and cool ant tenperature. Al so, you
can get the coolant tenperature as a function of axial
position i ndependent of fuel tenperature.]
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8.

[ 15 Marks Total ]

Fol | ow ng t he approach of the termproject, outline the theory
and the procedure for a conputer programto solve the 2 group
neutron space-tine diffusion equations in a one-di nensional
slab reactor with a heterogeneous core /cool ant /noderator,
ie, space-tinme dependent paraneters. Include 1 delayed
precursor group. Ilgnore thermal hydraulic effects but consider
the possible effects of burnup, poisoning and control.
Renmenber, this is a space-tinme problem Focus on

a) the materials library

b) the cell definition

c) the grid

d) the node

e) the nunerics

f) the contro

g) the fuel nmanagenent.
Do not get hung up on details but there should be a flow in
your di scussi on. Display evidence that you not only
understand the details but you have sone nmastery of the
overal | picture.

THE END



