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] Are You Smarter Than A Senior?

|

I (many of the seniors said that they did not know how to work this problem)
'LET ME TELL | —

i 45 mol% EtOH

* YOU SOME :

JOKES!

35 mol% EtOH
Debate on world’s oldest profession 500 kmol/hr 500 kmol/hr

100 mol% EtOH 100 mol% EtAc

1000 kmol/hr
50 mol% EtAc
50 mol% EtOH

Find the molar flow rates of stream A and stream B.
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Allows you to take Fluids (ChE 374) in F’17

Class 26 More Definitions

« Hint on Prob 7.45 (7.41 in 3 Ed. and workbook)

— Assume 1 bar total pressure (workbook assumes 1 atm) | tropic = tant ent AS =0
+ Hint on Prob 7.46 (7.42 in 39 Ed.) sentropic = constant entropy (AS = 0)

— Take a basis of 100 mol/hr instead of just 100 mol + Isobaric = constant pressure (AP = 0)

~ You will have to do a total mole balance and a balance on one of + Isotropic = no change with direction
the species in order to find the molar flow rates of the two exit
streams
Standard textbook definitions of Entropy
« ameasure of enerqy dispersal at a specific temperature.
« a measure of disorder in the universe or of the availability of the energy in a system to
do work.
+ a measure of a system's thermal energy per unit temperature that is unavailable for
doing useful work.
Entropy has often been loosely associated with the amount of order or disorder, or of chaos,
in a thermodynamic system.
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Open System Energy Balance

» At Steady State:
AH + AEg + AEp = Q + W
Units: Btu/hr or J/s or kW or cal/min

where
AH = mAH = m(H ., — Hy,)
or for multiple species:
Hout = Zﬁi,oucﬁi,ouc

Hin = X0inHiin

Steam P-H diagram
(from Steam, by
Babcock & Wilcox
Company)

1. Identify the 2-phase envelope
2. Label the Critical Point

3. Draw the 500 K isotherm
everywhere on chart

4. Draw the line of constant 50%
quality steam

5. How many things can we say
about a steam-water system
at 0.2 MPa and 400 K?

6. What about 0.2 MPa and
50% quality?

Steam P-H diagram
(from Steam, by
Babcock & Wilcox
Company)

. ldentify the 2-phase envelope

N

. Label the Critical Point

w

. Draw the 500 K isotherm
everywhere on chart

IS

. Draw the line of constant 50%
quality steam

o

. How many things can we say
about a steam-water system
at 0.2 MPa and 400 K?

ew p
What about 0.2 MPa and
50% quality?

H=1600 kJ/kg V=0.45 k¢ 2-phase S=4.4kJkg T=395K

6.

Air Conditioner with Refrigerant 22
[

Condenser

(@) pe=p,

(1) satdliquid
80°F

Py

Adiabatic
expansion
Q=0

Isentropic

compressor
AS=0
(2) P,=30psia (3) satdvapor
liq + vap P, =30 psia
— Q4 = 5 tons of cooling
Find: oold —
1. T &P of each stream = 60,000 B/hr
2. Enthalpies of each stream
3. Mass flow rate ‘ (see P-H diagram on next page) ‘
4. W,
5. Qu

Refrigerant 22
P-H diagram

Properties of Each Stream

Stream Phase(s) T (°F) P (psia) | H (Btu/lb)

1 Sat'd lig 80

2 Lig + vap 30

3 Sat'd 30
vapor
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e A Ay e e b Refrigerant 22

Properties of Each Stream

Stream Phase(s) T (°F) P (psia) | H (Btu/lb)
1 Satd liq 80 170 32
2 Liq + vap -12 30 32
3| S [ 12 30 104
4 Vapor 130 170 122
S$=.23 Btu/lb-°R
Balances
1. From evaporator, find mass flow rate
2. From compressor, find work required
3. From condenser, find cooling rate
4. Check overall balance
Do It!
Balances

P-H diagram
Balances
* General
AH + AE, + AE, = Q + W,
* Expansion valve
AH+ A+ o, =R, aH=0
* Evaporator
AH+}ék+)ép=Q+)f(s AH=Q
* Compressor
AR+ pE 4 pE =W, AH=W,
» Condenser
AH+ g+ p = Qe AH=Q
Balances
1. From evaporator, find mass flow rate
AH = Q

mAH = Q = 60,000 Btu/hr
AH =H, - H, =104 — 32 = 72 Btu/lby,
. 60,000 Btu/hr 1b,,
m :W:BBF of Ref 22
2. From compressor, find work required
mAH = W, =m (Hy — H.

3)
W= (833”7"‘) (122 104Btu) s oooBm 134x 1073 hp ( hr )
o = —_m —104— | = +15,000— [ ———— F ([
hr by, hr {9 486 x 10-+ Btu |\3600 s

s
W, = +5.9 hp = +15,000 Btu/hr
(positive because surroundings do work on system)

(negative according to convention in 3 Ed.)

3. From condenser, find cooling rate
AH = Q-c=m(ﬁ1*ﬁ4)

= (8332m) (32 — 122 2™\ = _75,000 Beu/n
Q= hr b))~ ™ u/hr

(negative because heat leaves system)
4. Check overall balance
0= Q-+
0=Q,+Q,+W,
0 =-75,000 + 60,000 + (+15,000) Btu/hr yes!!




Problem 7.36 (7.32 in 3 Ed.)
/

Wet steam
———  Sat'd steam
5 bar 52.5 m3hr
85% quality
Q

Find:

(@) T, Huet steam: ﬁdrysmamv Tigotal

(b)a
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Problem 7.45 (7.41 in 39 Ed.)

(workbook)
Humid Air
Air
1 bar 510 m3¥/min
o, 18°C

gg!&RH a Water 100% RH

Find:

(a) Myater

(b) Q

Problem 7.46 (7.42 in 39 Ed.)

Qeona

98 mol% acetone
Equal split 2 Mol% Ac Acid

65 mol% acetone
mol% Ac Acid

9
100 mol/hr

Different than in the book

15.5 mol% acetone
84.5 mol% Ac Acid
Qren

Enthalpies given for each species in each stream

Find:
(a) Qoyerail ( = Qeondgenser * Qreboiter)
(b) Quonds Qres

Problem 7.33

Steam
200 kg/min
40 bar 3
350°C W,
Dyipe = 7.5 cm
_ 75°C
Q=0 5 bar

Dgipe =5 Cm
Wet Steam? Water? Dry Steam?

(a) If outlet stream is wet steam, what would the temperature be
instead of 75 °C?

(b) Net energy transfer to or from turbine (i.e., W;)?




