Chemical Engineering Thermodynamics
Quiz 5
February 14, 2019

125 PSIG STEAM
TOCAMPLUS U=

PRESSURE
REDUCING VALVE!
DESUPERHEATER 1

DESUPERHEATER #2

The UC steam plant uses 125 PSIG (0.881
MPa) steam produced by two gas turbines at
480°C to feed a steam turbine (stream 1).
The output from the steam turbine (stream
e 2)is at 0.15 MPa and 140°C. The outflow

GENERATOR from the steam turbine is fed into a
condenser. The steam produces 20 MW of
electrical power.

STEAM DRIVEN
TURBINE

CONDENSER
WATER

I I SURFACE CONDENSER
CONDENSATE *

Please fill out the following table. You can use the steam tables or the chart (recommended).

Stream | P MPa T°C | Ski/(kgK) | Hkl/kg | Vm’kg | AHkl/kg | State
1 0.881 480 —
2’ 0.15
2 0.15 140
Possible? e =
‘ T)e,Carnot =

a) What is the work output of an ideal turbine (reversible adiabatic)?

b) What is the actual work output and efficiency, 7esr, of this turbine? Is this possible?

c) What is the efficiency of a Carnot engine for these conditions. Compare it with that of
the steam turbine. Are the listed conditions possible? Why?

d) Plot the points 1, 2°, and 2 on both the pressure enthalpy and the temperature entropy
diagrams that are attached. Fill the missing values in the table above.

e) If the turbine produces 20 MW what is the flow rate of steam in kg/s? (W = MPa cm?/s)

f) Extra Credit: Propose a method to extract useful energy from the 140°C stream 2.
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P = 0.10MPa

neC)

96

100
150
200
250
300
350
200
450
500
550
o0
650
700
750

1.6939

1.6959
1.9367
21724
24062
26388
28710
3.1027
33342
3.5655
3.7968
40279
4259
4.4900
4.7209
49519
5.1828
54137
5.6446
58754
6.1063
63371
6.5680
6.7988
7.0296
7.2604

P = 0.80MPa

neC)
1704
200
250
300
350
400
450
500
sso

£EEgeE

(99.6)

Mm'/kg) Uluiks)

2506.2
25829
26582
27339
28106
2888.7
2968.3
30494
31322
3216.6
33028
3390.7
34804
35718
3665.0
3760.0
3856.6
3955.0
40550
4156.6
42598
43645
44707
45783
4687.2

(170.4)

H(kg) S(kJkg-K)

2675.0 7.3588

26758 7.3610
2776.6 7.6148
28755 7.8356
29745 8.0346
30745 82172
31758 8.3866
32786 8.5452
33828 8.6946
3488.7 8.8361
3596.3 8.9709
3705.6 9.0998
3816.6 92234
39294 9.3424
40439 9.4572
41602 9.5681
42782 9.6757
43980 9.7800
451935 98813
46426 9.9800
47673 10.0761
48935 10.1697
5021.3 102611
5150.6 10,3504
52812 10.4376
54132 105229

'lu-’/kc) Ukiig) HIAg) SIIke-K)

0.260)
02932
03242
03544
03843
04139
0.4433
04726
0.5019
05310
0.5601

0.5892
06182

06372

wl 0
27159
271975
28786
2960.2
30428
3126.6
2ne
3298.7
3387.1
34772
3569.0
36624
37576

2!39 7
29504
30569
31622
32676
33739
34813
35%0.0
3700.1
38ne
39253
40403
41570
42754

6.6616
68176
7.0401
7.2345
7.4106
75734
1.7287
7.8692
8.0054
8.1354
82598
83794
84947
8.6061
87139

1050 0.

oo 0.9920
1150 08209

1250 08787
1300 09076

06762
07082
1000 0.7341

7630 41550

AVeS S
As172

4705 "\
4891 9
S019.%
51492
$280.0
s4122

P =0.20MPa

(120.3)

oy pumkg) Uldhg) H(IKg) SkikgK)

l$0

oosoo 2577|
200 10805 26546
250 1.1989 271314
300 1.3162 2808 8
350 14330 28873
400 1.5493 2967.1
450 1.6655 30485
500 1.7814 31314
550 1.8973 32159
600 20130 33022
650 21287 33902
700 22443 34799
750 2359 35714
800 24755 1664.7
850 25910 37596
900 2.7066 38563
950 28221 3954.7
1000 29375 40548
1100 31685 42596
1150 32839 43643
1200 33994 44705
1250 35148 45781
1300 36302 46870
P = 1.00MPa (1799)
n°C)  Mim'kg) Ukikg)
1799 01944 2582 8
200 0.2060 26222
250 02327 27104
300 02580 27906
350 02825 2787
400 0.3066 29579
450 0.3304 040 9
00 03541 31250
550 03m 312108
600 0.4011 32975
650 04245 3386.0
700 04478 3762
750 04711 15681
%00 0.4944 3661.7
850 0.5176 371570
900 0.5408 IN819
950 0.5640 19525
1000 05872 40827
1050 06104 41545
100 06335 42579
150 06567 43627
1200 06798 44690
1250 07030 45767
1300  0.7261 4685 8

2706.2 7.1269
2769.1 72810
2870.7 7.5081
29712 7.7100
o2 7.8941
31739 80644
2770 8223
13816 83734
34877 85152
35954 6502
37048 8.7792
38159 89030
39288 9.0220
4043 4 9.1369
41598 92479
42778 9.3555
43976  9.4598
4519.1 9.5612
46423 9.6599
4767.0 9.7560
48933 9.8497
50211 9.9411
51504 10,0304
5281.1 10.1176
5413.1 10.2029
H(J kg) &UM
210
28283 6 ms
20411 6.9265
s 6 7.1246
3582 73029
32645 74669
nna 7.6200
MM 7.7641
ALLLN) 79008
169% 6 $.0310
RS 515587
9240 82755
40393 53909
41560 K.5024
42746 $6103
43948 8.71%
45165 55166
46399 89155
47649 0118
4891 4 9.10%6
50194 9.1972
S1489 9.2866
2197 9379
4119 94593



Summary of Process and General Rules

Nozzle AS=0
AH=1/2 mv?

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

Pump AS=0 for adiabatic reversible
AH=W¢= AH’ | 1}

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.



Answers: Chemical Engineering Thermodynamics
Quiz 5
February 14, 2019

Estimated values from the enthalpy chart:

Stream P MPa T°C Skl(kgK) HKklkg V mi/kg
1 0.881 480 7.8 3410 0.43

2’ 0.15 250 7.8 2900 2.40

2 0.15 140 7.3 2680 1.7

Extra Credit: Propose a method to extract useful energy from the 0.15 MPa stream.
Sterling Engine could be used (capital costs would be an issue).
Thermoelectric Device could be used (technology in development
https://sites.google.com/site/jhbahk/members/jehyeongbahk UC Professor working on
thermoelectric devices, Dr. Je-Hyeong Bahk, next to my office.
There are limited options for low grade steam and heat sources. The capital costs hinder
investment in energy harvesting. It is a major problem faced by this generation.

Values below are from double extrapolation from the steam tables. Values are generally similar
to those estimated from the chart. The main conclusion is clear, that this is not a feasible
operation with the temperature and pressure of the outflow stream as stated.



125 PSIG STEAM
T0 CAMPUS

Chemical Engineering Thermodynamics
Quiz 5
February 14, 2019

PRESSURE
REQUCING VALVE!
DESUPERHEATER 1

DESUPERHEATER #2

The UC steam plant uses 125 PSIG (0.881
MPa) steam produced by two gas turbines at
480°C to feed a steam turbine (stream 1 ).
The output from the steam turbine (stream
2)is at 0.15 MPa and 140°C. The outflow
from the steam turbine is fed into a
condenser. The steam produces 20 MW of

20 MW 1247 KV
GENERATOR

STEAM DRIVEN
TURBINE

SR electrical power.

WATER

!

I I SURFACE CONDENSER
CONDENSATE *

Please fill out the following table using the steam tables.

Stream P MPa i Ski/(kgK) | HkI/kg | Vm3/kg | AH kJ/kg State

1 0.881 480

7 0.15 )3 i 5f TSN oy P

- 0.15 140 Fa 260 1 7

a)
b)
¢)

d)

e)
Y

What is the work output of an ideal turbine (reversible adiabatic)? : i
What is the actual work output and efficiency, 7, of this turbine? L

What is the efficiency of a Carnot engine for these conditions. Compare it with that of
the steam turbine. Are the listed conditions possible? /" va fe- 22T :
Plot the points 1, 2°, and 2 on both the pressure enthalpy and the temperature entropy
diagrams that are attached. Fill the missing values in the table above.

If the turbine produces 20 MW what is the flow rate of steam in kg/s?

Extra Credit: Propose a method to extract useful energy from the 0.14 MPa stream.
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