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Question (1)

I.a Define the momentum. What is its units?

1.b Define the Reynolds number (Re).

l.c Why do we put the negative sign in the law of shear stress (t)?. When does the shear
stress (T) equal zero? )
1.d What is the difference between ordinary differential equations (ODEs) and partial
differential equations (PDEs)? .

l.e Mention the names of three types of partial differential equations (PDEs). Explain how
can we classify the partial differential equations (PDEs) into three categories.

Question (2)

The velocity distribution for the flow of a Newtonian fluid between two infinite, parallel
plates separated by a distance h is shown in Figure 1.The x momentum equation simplifies to
d*u _

,U dyz - pgr
where y is a spatial coordinate normal to the plates, u (y) is the velocity distribution, and gy is
the gravity component in the x direction. Determine.
i. Integrate the above equation 2 times with respect to y. Use the two boundary conditions
(no-slip condition at the solid surface and zero shear stress at the liquid free surface) to
determine the constants C;, C.
1i. By solving these two equations, obtain the values of constants C,, C,.
iii. Determine the volumetric flow rate (Q). Take the plate width = b.
iv. Determine the mean velocity (V).
v. Obtain the velocity distribution equation as a function of the following parameters: the
mean velocity (V), the plate height (h), and the y-axis.

Question (3)

For the following velocity distribution.

u/U. = a +bn
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Where a, b are constants and = y/§

i. Write the two boundary conditions required to determine the constants a, b.

ii. By solving these two equations, obtain the values of constants a, b.

iii. Calculate the displacement thickness (§") and momentum thickness (0) in terms of §.
iv. Calculate the dimensionless profile shape factor (H = &'/0).

Question (4)

Consider the steady-state temperature distribution for a long, thin rod positioned between two
constant-temperature walls. The rod's cross sectional dimensions are small enough so that
radial temperature gradients are minimal and, consequently, temperature is a function
exclusively of the axial coordinate x. Heat is transferred along the rod's longitudinal axis by
conduction and between the rod and the surrounding gas by convection. Radiation is assumed
to be negligible. Using a heat balance for a differential element of a heated rod subject to
conduction and convection, the differential equation can be expressed as

2
g+ (T, -T)=0
dx

where h' = a bulk heat-transfer parameter reflecting the relative impacts of convection and
conduction = 2h/(rk).

1. Obtain the units of h' in 2 different ways.

1. Show that

d’T _ T, -2T,+T,,
dx? Ax?

In

iii. Use the finite-difference approach to get the 4 x 4 matrix for a 10-m rod with h' = 0.02,
T, = 20°C, and the boundary conditions: T (0) = 40°C, T (10) = 200°C. Use four interior

nodes with a segment length of Ax =2 m.

Question (5)

Consider the problem of source-free heat conduction in an insulated rod whose ends are
maintained at constant temperatures of To = 100°C and Ts = 420°C respectively. The one-

dimensional problem is governed
_d_[ d_T) _0
dx\ dx

Take rod length L equals 0.4 m, Thermal conductivity k equals 1000 W/m K, cross-sectional
area A is 10 x 107 m%, 8x =0.1 m. -

i. Integrate the above equation 2 times with respect to x. Use the 2 boundary conditions at rod
ends to obtain the values of the constants C; & C,. Use this temperature distribution equation
to obtain the values of the temperature T, T, T3, Ts4 at x = 0.05, 0.15, 0.25, 0.35 m
respectively. - . . ' '

ii. Using the control volume method, obtain the discretised equation for nodal points 2 and 3,
the discretised equation for nodal point 1, and the discretised equation for nodal point 4.

Good Luck
Dr. M. M. Awad
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Question 1:
1.a The momentum equals mass times velocity.

momentum = mass * velocity

Its units is kg.m/s

~ 1.b The Reynolds number (Re) is the ratio of inertia force to viscous force.

Re = pUD/p

1.c We put the negative sign in the law of shear stress (1)

t = -pu*dU/dy

because the slope of the velocity gradient (dU/dy) is negative.

The shear stress (t) equals zero when the velocity is maximum (i.e. the velocity gradient (dU/dy) is zero)
1.d ordinary differential equations (ODE) have functions of one variable.

partial differential equations (PDE) have functions of multiple variables.

1.e Three types of partial differential equations (PDEs): Elliptic, Parabolic, Hyperbolic.
For AuxxtBuy+C uy,+D =0

B2-4AC < 0, PDE is Elliptic

B2-4AC =0, PDE is Parabolic

B2-4AC > 0, PDE is Hyperbolic

Question 2:

d’u
dy*
Rearranging the above equation, we have

ﬁﬁl— =Py —_Posing

Integrate the above equation with respect to y, we obtain
dw/dy = (-pgsin6/p)y + Ci

Integrate the above equation with respect to y, we obtain
u(y) = (-pgsin0d/2p)y? + Ciy + C2

Boundary Condition 1, at y =0, u(y) = 0 (i)

Boundary Condition 2, at y = h, du/dy = 0 (ii)

ii. From Boundary Condition 1, C2 =0

ii. From Boundary Condition 2, 0 = (-pgsin®/p)h + C;
Ci = (pgsinb/ph

i M =—pPg,
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u(y) = (-pgsind/2p)y? + (pgsind/why = (pgsin®/u)h2[(y/h)-0.5(y/h)*]

i Q=Ju(y)dA
~ u(y) = (pgsin®/ph?[(y/h)-0.5(y/h)?]

dA =bdy

Q = | (pgsin6/pw)bh*[(y/h)-0.5(y/h)?] dy

Q= (pgsind/p)bh? | [(y/h)-0.5(y/h)*] dy fory=0to h
Q = (pgsind/p)bh? * [(y*/2h)-(y*/6h?)] fory=0toh

Q = (pgsind/u)bh? * [(h/2)-(h/6)]

Q = (pgsinb/p)bh?> * [(h/3)]

Q = (pgsind/3p)bh?

iv. Q= VA

Q = (pgsin®/3p)bh?

A=bh

V = (pgsind/3p)h?

v. u(y) = (-pgsin®/2)y? + (pgsind/p)hy = (pgsin®/w)h2[(y/h)-0.5(y/h)?]

V = (pgsin0/3p)h?

u(y) = 3V[(y/h)-0.5(y/h)’]

Question 3:

U/Uoo =a +b77

1. Boundary Condition 1, at y =0 ( = 0), u/Us = 0 (i)
Boundary Condition 2, at y =6 (n = 1), u/Usx = 1 (ii)
ii. From Boundary Condition 1,a=0

1. From Boundary Condition 2, b =1

U/Uoozn

iii. The displacement thickness (6*) = & J(1- u/U) dn for 7 from 0 to 1
8*=6J(1-n) dn fornfrom 0 to 1

8" =6*(n-0.5n?) forn from 0 to 1

5" =6/2

iii. The momentum thickness (0) =& [ W/Ux*(1- u/Us) dn for n from 0 to 1
0=26Jn(1-n) dn forn from 0 to 1

0=6J(n-n?) dnfornfrom0tol

0 =6*(0.57n2-0.333 n3) for n from 0 to 1

0=4/6
iv. The dimensionless profile shape factor (H=§ *10) = (6/2)/(6/6) =3

Question 4:

1. Units of h' = m?

tii. Tip + Tisg + 0.02%20%Ax? = 2T;. + 0.02*Ax**T;.

Ti-t + Tirr + 1.6 = 2T;. + 0.08 ;.= 2.08T;

Fornode 1,40+ T, + 1.6 =2.08T;  (i.e. 2.08T; - T2 = 41.6)
Fornode2, T\ + T3 +1.6=2.08T, (i.e.-Ti+2.08T2-T;=1.6)
Fornode 3, To+ T4+ 1.6 =2.08 T3 (i.e.- T2+ 2.08T; — T4 = 1.6)
~ Fornode4, T3 +200+ 1.6=2.08 T4 (ie.- T3+ 2.08Ts=201.6)
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Question 5:

4 : « dx m
Since the thermal conductivity (k) is constant, we have

ol

Yl

Since the thermal conductivity (k) is constant, we have
d’T

e

Integrate the above equation with respect to x, we obtain
dT/dx = C;

Integrate the above equation with respect to x, we obtain
T(x)=Cix+C,

Boundary Condition 1, at x = 0, T(x) = 100 (i)
Boundary Condition 2, at x = 0.4, T(x) = 420 (ii)

ii. From Boundary Condition 1, C; = 100

ii. From Boundary Condition 2, C; = 800

T(x) = 800x + 100

at x = 0.05, T(0.05) = 800*0.05 + 100 = 140

atx = 0.15, T(0.15) = 800*0.15 + 100 = 220

atx = 0.25, T(0.25) = 800*0.25 + 100 = 300

at x = 0.35, T(0.35) = 800*0.35 + 100 = 380

The discretised equation for nodal point 2

2T =T + T3

Check: 2*220 = 440 = 140 + 300

The discretised equation for nodal point 3

2T3=T2+ T4

Check: 2*300 = 600 = 220 + 380

The discretised equation for nodal point 1
3T1=T2+ 200

Check: 3*140 = 420 =220 + 200

The discretised equation for nodal point 4
3Ta=Ts+ 840

Check: 3*380 = 1140 = 300 + 840
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