
5.14: PROBLEM DEFINITION

Situation:
In a circular duct the velocity profile is v(r) = V0

(

1− r

R

)

.

Find:
Ratio of mean velocity to center line velocity, V̄

V0

.

PLAN

Apply the integral form of the flow rate equation, because velocity is not constant
across the cross-section.

SOLUTION

Flow rate equation

Q =

∫

vdA

where dA = 2πrdr. Then

Q =

∫

R

0

V0

(

1−
( r

R

))

2πrdr

= V0(2π)

(

r2

2
− r3

3R

)

|R0

= 2πV0

(

R2

2
− R2

3

)

= (2/6)πV0R
2

Average Velocity

V̄ =
Q

A
V̄

V0

=
Q

A

1

V0

=
(2/6)πV0R

2

πR2

1

V0

V̄

Vo

= 1
3

14



5.31: PROBLEM DEFINITION

Situation:
A shell and tube heat exchanger with one pipe inside another pipe. Liquids flow

in opposite directions.
Vo = Vi, Qo = Qi.

Find:
Find ratio of diameters.

PLAN

Use discharge equation Q = AV and neglect pipe wall thickness.

SOLUTION

Discharge and velocity the same so

Q = AinnerV = AouterV

Therefore
π

4
(D2

o
−D2

i
) =

π

4
D2

i

so
Do

Di

=
√
2

32



5.53: PROBLEM DEFINITION

Situation:
Air flow downward through a pipe and then outward between two parallel disks.
Q = 0.380m3/ s, r = 20 cm
D = 0.1m, h = 0.6 cm.

Find:
(a) Expression for acceleration at point A.
(b) Value of acceleration at point A.
(c) Velocity in the pipe.

PLAN

Apply the flow rate equation.

SOLUTION

a)
Flow rate equation

Vr =
Q

A
=

Q

2πrh
Evaluate convective acceleration along a radial pathline (s → r)

ac =
Vr∂Vr

∂r

=

(

Q

2πrh

)

(−1)

(

Q

2πr2h

)

ac =
−Q2

r(2πrh)2

b)

Vpipe =
Q

Apipe

=
(0.380m3/ s)

π

4
(0.1m)2

Vpipe = 48.4 m/s

c)

ac = − (0.38m3/ s)2

(0.2m)(2π (0.2m) (0.006m))2

ac = −12, 700 m/s2
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5.65: PROBLEM DEFINITION

Situation:
Gas flows in a round conduit that tapers to a smaller diameter.
D1 = 1.2m, D2 = 0.6m, V1 = 15m/ s.

Find:
Mean velocity at section 2.

Properties:
ρ1 = 2.0 kg/m3, ρ2 = 1.5 kg/m3.

PLAN

Apply the continuity equation.

SOLUTION

Continuity equation

V2 =
ρ1A1V1

ρ2A2

=
ρ1D

2
1V1

ρ2D
2
2

=
(2.0 kg/m3) (1.2m)2 (15m/s)

(1.5 kg/m3) (0.6m)2

V2 = 80.0 m/s
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5.73: PROBLEM DEFINITION

Situation:
O2 and CH4 are mixed in a mixer before exiting.
VO2

= VCH4
= 5m/ s.

ACH4
= 1 cm2, AO2

= 3 cm2.

Find:
Exit velocity of the gas mixture, Ve.

Properties:
From Table A.2: RO2

= 260 J/ kgK, RCH4
= 518 J/ kgK.

T = 100 ◦C, ρ = 1.9 kg/m3, p = 200 kPa.

PLAN

Apply the ideal gas law to find inlet density. Then apply the continuity equation.

SOLUTION

Ideal gas law

ρ02 =
p

RT

=
200, 000Pa

(260 J/ kgK) (273 + 100) K

= 2.06 kg/m3

ρCH4
=

200, 000Pa

(518 J/ kgK) (273 + 100) K

= 1.03 kg/m3

Continuity equation

∑

ṁi =
∑

ṁo

ρeVeAe = ρO2
VO2

AO2
+ ρCH4

VCH4
ACH4

Ve =
2.06 kg/m3 × 5m/ s× 3 cm2 + 1.03 kg/m3 × 5m/ s× 1 cm2

1.9 kg/m3 × 3 cm2

Ve = 6.33 m/s
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5.90: PROBLEM DEFINITION

Situation:
A piston moves in a cylinder and drives exhaust gas out an exhaust port in a four

cycle engine.

ṁ =
0.65pcAv
√
RTc

, dbore = 0.1m.

L = 0.1m, Av = 1 cm2.
V = 30m/ s.

Find:
Rate at which the gas density is changing in the cylinder.

Assumptions:
The gas in the cylinder is ideal and has a uniform density and pressure.

Properties:
T = 600 ◦C, R = 350 J/ kgK, p = 300 kPa.

SOLUTION

Continuity equation. Control volume is defined by piston and cylinder.

d

dt
(ρV ) +

0.65pcAv
√
RTc

= 0

V
dρ

dt
+ ρ

dV

dt
+

0.65pcAv
√
RTc

= 0

dρ

dt
= −

( ρ

V

) dV

dt
−

0.65pcAv

V
√
RTc

V = (π/4)(0.1m)2(0.1m) = 7.854× 10−4 m3

dV

dt
= −(π/4)(0.1m)2(30m/ s) = −0.2356 m3/s

ρ =
p

RT
=

300, 000Pa

(350 J/ kgK× 873K)

= 0.982 kg/m3

dρ

dt
= −

0.982 kg/m3

7.854× 10−4 m3
× (−0.2356m3/ s)

−
0.65× 300, 000Pa× 1× 10−4 m2

7.854× 10−4 m3 ×
√

350 J/ kg/K× 873K

dρ

dt
= 250 kg/m3·s
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