Mechanical Energy Balance
Class 27

* Counting today

— 8 classes with new material (8 HW assignments)
* 7 on energy calculation and balances
* 1 on transient balances

— 1 exam review

— Exam #3

— 5 classes for Case Study
— 1 review for Final Exam
— 1 Final Exam

The End Is Near!

Mechanical Energy Balance

* Special Case
— No temperature change (AU ~ 0)
— No chemical reaction (AH =~ 0)
— Velocity, pressure, and friction are important
* Energy equation reduces to the
“mechanical” energy equation

AP Au? LW

—_—t —+ gAZ + F = -

p 2 m
Pressure  Velocity Height  Friction Shaft
change change change work

Other Useful Relationships

V=uA

m3/s  (m/s)(m?)

Volumetric flow rate

Mass flow rate m= pAu

ke/s  (kg/m?)(m2)(m/s)
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Review 7.46 (7.42 in 3" Ed.)

Net &

Mechanical Energy Balance

AP Au? oW
—+ —+gAz+ F= +—
p 2 m
« If F=0and W, =0, then we have

Bernoulli’s Equation

AP+Au2+ Ay
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Examples
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[7.55. Watcr is 1o be pumped from a lake to a ranger station on the side of a mountain (sec figure). The
flow rate is 1o be 95 nd the flow channel is a standard 1-in, Schedule 40 steel pipe (1D =

1049 in.). A pump ca\ The friction loss F (
@ T ~ l @ equals 0.041L, where L{ft) is the length of the pipe. Calculate the
. the ranger station above the lake if the pipe rises at an angle of 30°.
S Find: o Tage < if the piy gle
m l ~ sz A. P,—-P;
B. u,

7.51. A liquid mixture of benzene and toluene is to be separated in a continuous single-stage equilibrium

flash tank. 7 51
-
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The pressure in the unit be adjusted to any desired value, and the heat input may similarly / l Xg
be adjusted to vary the temperature at which the separation is conducted. The vapor and liquid a
product streams both emerge at the temperature 7'(°C) and pressure P(mm Hg) maintained in the

vessel,
Assume that the vapor pressures of benzene and toluene are given by the Antoine equation,

Table 6.1-1; that Raoult’s law—Equation 6.4-1—applies: and that the enthalpies of benzene and
toluene liquid and vapor are linear functions of temp - Specific enthalpies at two
are given here for cach substance in cach phase.

CaHe(l) (T = (PC. H = 0kJ/mol) (T = 80°C. H = 10.85 kJ/mol)

CeHe(v) (T = S8°C.H = 41.61 k)/imol) (T = 120°C, H = 45.79 kJ/mol)

CiH(l) (T = O°C. H = 0kJ/imol) (T = 111°C, H = 18358 k)/mol)

CiH(v) (T = 8PC.H = 4918 klimol) (T = 11I°C.H =

)5 kJ/mol)

() Suppose the feed is equimolar in benzene and toluene (zn = 0.500). Take a basis of 1 mol of feed
and do the degree-of-freedom analysis on the unit to show that if T and P are specified. you can
caleulate the molar compositions of cach phase (xg and yy ). the moles of the liquid and vapor

-
o 1 ¥ T i | T 1 t




