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Figure 1: T-junction control volume.
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Figure 2: T-junction control volume.
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3. Consider the three-dimensional control volume illustrated in the figure.
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Figure 3: TEST

The dimensions of the control volume are

∆x = 2.0 m, ∆y = 1.5 m, ∆z = 1.25 m.

The velocity vectors at the six faces of the control volume are given by

u⃗S = (0.30, 1.20, −0.15) m/s,

u⃗N = (−0.20, 0.80, 0.25) m/s,

u⃗W = (1.50, −0.30, 0.20) m/s,

u⃗E = (−0.40, 0.25, −0.10) m/s,

u⃗B = (0.15, −0.20, 0.60) m/s,

u⃗T = (uT , vT , wT ) m/s.

The density and its time derivative are uniform throughout the control volume:

ρ = 1.2 kg/m3,
∂ρ

∂t
= −0.2 kg/(m3 s).

Using the integral conservation of mass equation, determine the unknown velocity component wT .

˚
V

∇ · F dV =

‹
S

F · n̂ dS
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4. Consider the three-dimensional control volume illustrated in the figure.
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Figure 4: TEST

The dimensions of the control volume are

∆x = 2.0 m, ∆y = 1.5 m, ∆z = 1.25 m.

The velocity vectors and densities at the six faces of the control volume are given by

u⃗S = (0.30, 1.20, −0.15) m/s,

u⃗N = (−0.20, 0.80, 0.25) m/s,

u⃗W = (1.50, −0.30, 0.20) m/s,

u⃗E = (−0.40, 0.25, −0.10) m/s,

u⃗B = (0.15, −0.20, 0.60) m/s,

u⃗T = (uT , vT , wT ) m/s,

and
ρS = 1.20 kg/m3,

ρN = 1.15 kg/m3,

ρW = 1.25 kg/m3,

ρE = 1.10 kg/m3,

ρB = 1.18 kg/m3,

ρT = 1.05 kg/m3,

respectively.

At this instant, the density time derivative in the control volume is

∂ρ

∂t
= −0.2 kg/(m3 s).

Using the integral conservation of mass equation, determine the unknown velocity component wT .
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5. Consider the three-dimensional rectangular control volume shown in Figure 5.
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Figure 5: Three-dimensional control volume and face velocity vectors.

The control volume dimensions are

∆x = 2 m, ∆y = 1.5 m, ∆z = 1.25 m.

The fluid density is uniform and equal to
ρ = 1.2 kg/m3.

The velocity vectors at the faces of the control volume are given by

u⃗S = (0.30, 1.20, −0.15) m/s,

u⃗N = (−0.20, 0.80, 0.25) m/s,

u⃗W = (1.50, −0.30, 0.20) m/s,

u⃗E = (uE , 0.25, −0.10) m/s,

u⃗B = (0.15, −0.20, 0.60) m/s,

u⃗T = (−0.10, 0.35, 0.45) m/s.

The x-component of the velocity at the east face, uE , is unknown. At the instant considered, the rate of
accumulation of x-momentum inside the control volume is

∂

∂t

ˆ
CV

ρu dV = 1.35 N.

The resultant pressure force acting on the control volume in the x-direction is

Fp,x = −5.500 N,

and the resultant viscous force in the same direction is

Fv,x = 0.304 N.

Assume that body forces are negligible and that the flow is transient.

(a) Write the integral conservation of momentum equation in the x-direction.

(b) Calculate the net rate of transport of x-momentum through the control volume, expressing the result
as a function of the unknown velocity component uE .

(c) Using the momentum balance, determine the unknown velocity component uE . Show all calculation
steps.

(d) Verify whether the velocity field obtained in the previous question satisfies the integral conservation
of mass equation. Calculate the net mass flow rate through the control surface and comment on the
result.
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6. Consider the three-dimensional rectangular control volume shown in Figure 6.
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Figure 6: Three-dimensional control volume and face velocity vectors.

The control volume dimensions are

∆x = 2 m, ∆y = 1.5 m, ∆z = 1.25 m.

The fluid density is uniform and equal to
ρ = 1.2 kg/m3.

The velocity vectors at the faces of the control volume are given by

u⃗S = (0.30, 1.20, −0.15) m/s,

u⃗N = (−0.20, 0.80, 0.25) m/s,

u⃗W = (1.50, −0.30, 0.20) m/s,

u⃗E = (−0.40, 0.25, −0.10) m/s,

u⃗B = (0.15, −0.20, 0.60) m/s,

u⃗T = (−0.10, 0.35, 0.45) m/s.

The pressure on the bottom face is
pB = 1000 Pa

(gauge pressure). The pressure on the top face, pT , is unknown.

At the instant considered, the rate of accumulation of z-momentum inside the control volume is

∂

∂t

ˆ
CV

ρw dV = 1.35 N.

Assume that the flow is transient and that viscous forces and body forces are negligible. The pressure is
uniform over each face.

(a) Write the integral conservation of momentum equation in the z-direction.

(b) Calculate the net rate of transport of z-momentum through the six faces of the control volume.

(c) Using the momentum balance, determine the unknown pressure pT on the top face. Show all calculation
steps.
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