Quiz 5 ChE Thermodynamics
February 13, 2020
TAKE HOME Due Friday at midnight

A three stage Rankine cycle has been proposed as a means to improve efficiency (cycle A below)
as an alternative to a single stage Rankine cycle (cycle B below). You need to do a back of the
envelope calculation to determine if this is reasonable given roughly twice the cost for the three-
stage versus a single stage system.

- Use the answer to homework problem, 4.18, P, = \/(Pl P3), to solve for pressures P> and Ps.

-The efficiency of the turbines are all 7.¢r = 0.80 and the efficiency of the pump is 7. = 0.85.

-Calculate the efficiencies for the two cycles as well as for the Carnot cycle.

-Give a percentage of the ideal for A and B by dividing your efficiency by the Carnot efficiency
for both cycles.

-Comment on the final temperature leaving the last turbine in both cases.

-Use the steam tables at the back of the book for the values and do interpolation. Round the
pressures to a tabulated value.

-Plot on the P-H and on the 7-S graphs the 6 and 4 points of cycles A and B. (Check to make
sure all of the table values, H, S, T, P match for each point for each graph).

-Fill in all of the values in the two tables.

-Turn in Pages 2, 3, 4, and all of your work, use the phone app Scannable (part of Evernote) to
make a pdf of your answers and email to the homework email address. Work alone!!!
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Summary of Process and General Rules

Nozzle AS=0
AH=1/2 my?

Throttle AS=-RIn(P,/P)) (i.g.)
AH=1/2 mv?

Pump AS=0 for adiabatic reversible
AH=Ws= AH | 1oz
WS,Pump = VAP

Turbine AS=0 for adiabatic reversible

AH=Wg= AH’ 1] 4

Carnot (Use °K)
Engine Neir = (T~ Te)/ Ty
Refrigerator COP =T /(Ty- T¢)
Heat Pump COP =Ty/(Ty- T¢)

Isothermal  (AS);=R In[V,/V]]
=-R In[P,/P,]

(AH);=0
Ideal Mixing AS,;, =-R Zx; Inx;

Adiabatic, Reversible
AS=0

[sobaric

(dS)p=C, (dD)/T
(dS/dT), = CT

Constant Volume

(dS),=Cy (dD)/T
(dS/dT), = C/T

Phase Change AS,.,,= AH,

rans trans/ 7}1’3“5

1.g.
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