Chemical Engineering 4310
Fall Semester, 2005
Homework Assignment #3
Chapters 4 and 5
(For return in marked box in hall of 2nd floor
Chemical Sciences by noon on Friday, October 13 )

C

Work problems 4-12, 4-13, 4-15, 4-33, 5-4, and 5-12 in the text ))
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A tank truck hauling liquid benzene (C¢Hg) has overturned on I-94 in Detroit and a pool

of benzene 30 m in diameter has formed. The terrain is fairly flat. It is 1-pm in the

afternoon on a clear, sunny day. The wind is blowing at 7 m/s. The ambient temperature

is 30°C.

a. Estimate the evaporation rate of the benzene in kg/s.

b. Use a dispersion model to estimate the downwind distance, in meters, to the
ERPG-1 concentration.

All physical properties required are contained within the texbook.

Liquid chlorine is supplied to a process from a regulated pressure source at 20 barg and

supplied through 300 m of horizontal commercial steel pipe of actual inside diameter of

0.02 m. The ambient pressure is 1 atm and the ambient temperature is 30°C.

A. If the pipe breaks off at the regulated source, estimate the flow rate through the
leak, in kg/s.

B. If the pipe breaks off at the end of the 300 m length, estimate the flow in kg/s.

For liquid chlorine, the following properties are available at these conditions:
Density: 1380 kg/m’
Viscosity: 0.328 x 102 Pa's
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Problem 4-12a: Liquid Discharge through a Piping System

input Data:

|Guessed discharge velocity: 7.208 m/s

Fluid density:
Fluid viscosity:

928 kg/m**3
0.004 kg/m*s

Pipe diameter: 0.05 m
Pipe roughness: 0.046 mm
Point 1 pressure: 0 Pa
Point 2 pressure: 0 Pa
Point 1 velocity: 0 m/s
Point 1 height: 9m
Point 2 height: Om
Pipe length: 2m
Net pump energy: 0 kw
Fittings:

Number K1 K-inifinity
Elbows: 0 800 04
Valves: 0 300 0.1
Inlet: 1 160 0.5
Exit: 1 0 1
Calculated Results:
Reynolds No: 83617
Friction factor: 0.0056 0.000373
Pipe area: 0.0020 m**2
Fittings and pipe K factors:
Elbows: 0.000
Valves: 0.000
inlet: 0.502
Exit: 1.000
Pipe: 0.895
TOTAL: 2.397

Mechanical energy balance terms (m**2/s**2):

Pressure: 0.00
Height: -88.26
Point 1 velocity: 0.00
Fittings/pipe: 62.28
Pump: 0.00
TOTAL: -25.98

|Calculated Discharge Velocity:

7.208 m/s |

Velocity Difference: -7.3E-06 m/s
IResuiting mass discharge rate: 13.13 kg/s ]
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Problem 4-12b: Liquid Discharge through a Piping System

Input Data:
|Guessed discharge velocity: 7.408 m/s
Fluid density: 928 kg/m**3
Fluid viscosity: 0.004 kg/m*s
Pipe diameter: 0.05 m
Pipe roughness: 0.046 mm
Point 1 pressure: 0 Pa
Point 2 pressure: 0 Pa
Point 1 velocity: 0 m/s
Point 1 height: 7m
Point 2 height: O0m
Pipe length: 0Om
Net pump energy: 0 kw
Fittings:

Number K1 K-inifinity
Elbows: 0 800 04
Valves: 0 300 0.1
Inlet: 1 160 0.5
Exit: 1 0 1
Calculated Results:
Reynolds No: 85933
Friction factor: 0.0056 0.000368
Pipe area: 0.0020 m**2

Fittings and pipe K factors:

Mechanical energy balance terms (m**2/s**2):

Elbows: 0.000
Valves: 0.000
Inlet: 0.502
Exit: 1.000
Pipe: 0.000
TOTAL: 1.502
Pressure:

Height:

Point 1 velocity:
Fittings/pipe:

Pump:

TOTAL:

0.00
-68.65
0.00
41.21
0.00
-27.44

|Calculated Discharge Velocity: 7408 m/s |

Velocity Difference:

-6E-11 m/s

|Resulting mass discharge rate: 13.50 kg/s |
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Problem 4-15: Gas Discharge through a Piping System

Input Data:

Heat capacity ratio, k:

Temperature:

Molecular weight of gas:

Point 1 pressure:
Point 2 pressure:
Pipe diameter:
Pipe length:
Pipe roughness:

1.32

452 k=13 R

082032 Pa = QZE’*/'/ 7)M

101325 Pa 0 ;75

00138 m =
sﬁfr

16.1544 m =
0.046 mm

Fittings:

Number K infinite
Elbows: 0 0.4
Valves: 0 0.1
Inlet: 0 0.5
Exit: 1 1

Calculated Results:

Pipe area:
Initial gas density:
Pipe friction factor:

0.000152 m**2
4.61 kg/m**3
0.006725

W 4-37

Fittings and pipe K factors:

Elbows: 0.00
Valves: 0.00
Inlet: 0.00
Exit: 1.00
Pipe: 31.26
TOTAL: 32.26
Ln(K): 3.47

Expansion factor:

Heat capacity ratio,k:

(P1 - P2)/P1:
P-choked:

Mass flow:

T4 Fapane 1~13
0.717
1.2 1.4 1.67
0.859 0.873 0.891

135841.9 122153.7 104783.7 Pa

0.052938 0.053374 0.053922 kg/s

[Interpolated mass flow:

VNG

1=0.]17

0.053199 kg/s
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