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Components of Flow Processes

Equipment used to extract/provide work and/or heat from a process
= turbines - generate electricity
= compressors and pumps - move fluid, change pressures
= heat exchangers - change temperature of fluid
= throttles - change pressure

OBJECTIVES

= evaluate performance of components of flow processes
through appropriate mass, energy, entropy balances

Table 7.1 Pg 256 of SYNA

Table 7.1: Equations of Balance

i . Balance Equations
Balance Equations for

General Equations of Balance for Single-Stream
Steady-Flow Processes

Steady-Flow Processes

dmey
dt

+ A(i)g =0 (2.25) AQ) =0 (7.1) my =my=m (7.2)

d(ml)ey | 2 . & 5 1 9 . F 3 Au?
T A[(H At ag) s = O+ W | A[(H 4+ 5P+ zg) s = O+ Wy | AN+ - +eaz= 0+ W,

(2.28) (2.30) (2.32a)
d(mS)ev . 0 . . Q. 0,
A(S — — =85;=0 A(SH) — — =8;=0 AS — =5;>0
oy + A(Stt)g ; T, G > (Stit)r Z,: Ta, G Z_,: T G =
(5.21) (5.22) (5.23)
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Turbines

Figure 3.3-3 Sketch of a steam turbine, (Adapted from The World Book Encyelopedia,
Field Educational Enterprises, New York. 1976.)

convert gas kinetic energy into work, W,

AH =T, (AS; =S, )+ W,

efficiency

W, AH

S

T]turbine - (

W) (AH),

S

1 MW tﬁrboexpander

Figure 7.3: Schematic of Turbine

At steady state an ideal
(reversible) turbine
converts all the enthalpy
change between point 1 and
2 entirely into shaft work.

- shaft

) Note irritating nomenclature s
S - isentropic (AS=0)
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Const. T

Figure 6.4: Mollier diagram.

Mollier Diagram — Seriously Complicated

O @

Figure A-1
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Mollier Diagram (a bit less confusing)

Key points

-Vertical lines are
1 constant entropy
(remember that
s <] When AS=0 we

.| have reversible

| process = most

“ | work possible)

5| -Turbines turn
enthalpy into work

] 55 6 6.5 7 7.5 8 85 9
Entropy - s - {kJ/K kg) 7

Figure 7.4 Efficiency from Mollier Diagram
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Mollier Diagram — Turbine Efficiency
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Turbine — Efficiency from Steam Tables

8 E a
Entropy - s - (kJK kg)

A turbine is fed with steam at 475°C and 100 bar. The steam

leaves the turbine saturated at 10 bar. The quality of the exiting
steam is 1.0. Calculate the adiabatic efficiency of the turbine

using steam tables.

CHEE210
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PikPa
(¥ /°c)

750
(167.76)

775
(169.10)

800
170.41)

1000
(179.88)

1050
(182.02)

1100
(184.07)

1150
(186.05)

CHEE210

IC=s IC= IC=

< OICE HICS KHICS IC<

sat.
lig.

1.112
708487
708.301

2.0195

1.113
714.328
715.189

2.0328

1.115
720.043
720.935

1127
761.478
762.605

2.1382

1.130
770.843
772.029

2.1588

1.133
779.878
781.124

2.1786

1.136
788.611
789.917

21977

1.139

Table F.2. Superheated Steam, SI Units (Continued)

sat.
vap.

255.43
2573.3
2764.8

6.6817

247.61
2574.3
2766.2

6.6705

240.26
2575.3
2767.5

194.29
2581.9
2776.2

6.5828

185.45
2583.3
2778.0

6.5659

177.38
2584.5
2779.7

6.5497

169.99
2585.8
2781.3

6.5342

163.20

TEMPERATURE: t'C

(TEMPERATURE: T keivins)

Pg 730-1 of SVA

175

(448.15)

260.88
2586.9
2782.5

6.7215

251.93
2585.4
2780.7

6.7031

243.53

200
(473.15)

279.05
26321
2841.4

6.8494

269.63
2631.0
28400

6.8319

260.79
26299
28386

205.92
2620.9
28268

6.6922

195.45
26185
28238

6.6645

185.92
2618.2
2820.7

6.6379

177.22
26138
28176

6.6122

169.23

220
(493.15)

203.03
2666.8
2B86.6

6.9429

283.22
26659

28854
6.9259

274,02
26650
26842

216.93
2657.7
28748

6.7911

206.04
2655.8
28721

6.7647

196.14
2653.9
2869.6

6.7392

187.10
2651.9
2867 .1
6.7147
178.80

240
(513.15)

306.65
2700.6
2930.6

7.0303

296,45
2699.8
20296

7.0137

286,88
2699.1
29286

227.55
2693.0
2920.6

6.8825

216.24
26915
29185

6.8569

205.96
2689.9
2916.4

6.8323

196.56
2688.3
29144

6.8086

187.95

260
(533.15)

320.01
2733.7
29737

7.1128

300.41
27331
2972.9

7.0965

299.48
27325
29721

237.89
27274
2965.2

6.9680

226.15
27261
2963.5

6.9430

21547
2724.7
2961.8

6.9190

205.73
27234
2860.0

6.8959

196.79

280
(553.15)

333.17
2766.4
3016.3

71912

322.19
2765.9
3015.6

71751

311.89
2765.4
3014.9

248.01
2761.0
3009.0

7.0485

235.84
27599
3007 .5

7.0240

22477
2758.8
3006.0

7.0005

214.67
27577
3004.5

6.9779

205.40

300
(573.15)

346.19
2798.9
3058.5

7.2662

334.81
2798.4
3057.9

7.2502

324 .14
2797.9
3057.3

257.98
2794.2
3052.1

7.1251

245.37
2793.2
30508

7.1009

233.81
27922
3049.6

70778

223.44
27913

048.2
7.0556
213.85

325
(598.15)

362.32
2839.2
31Mo

7.3558

350,44
28338.9
31105

7.3400

339.31
28385
3109.9

270.27
2836.2
31055

7.2163

257.12
2834.4
3104.4

71924

24518
2833.6
3103.3

7.1695

234.25
28328
31022

7.1476

224.24
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Pg 752-3 of SVA

Table F.2. Superheated Steam, SI Units (Continued)

TEMPERATURE: "G
(TEMPERATURE: T kelvins)

PikPa sal. sal. 475 500 525 550 575 600 625 650
{r** f°cy lig. vap. (748.15)  (773.15)  (798.15)  (8283.15)  (848.15)  (873.15)  (898.15)  (823.15)
v 1.301 22,863 38.803 40.614 42205 43.043 45.566 47.166 48.747 50.313
8200 U 13152 2560.5 3015.6 3063.3 3110.5 3157.4 3204.3 3251.1 3208.1 3345.2
(296.70) H 13266 2757.0 3334.5 3396.4 3457.3 3517.8 3577.9 3637.9 3607.8 3757.7
s 3.2239 5.7338 66011 6.7124 6.7900 6.8646 6.9365 7.0062 7.0739 7.1397
v 1.398 22.231 37.887 39.576 41.224 42.639 44.429 45.996 47.544 49,076
8400 U 13243 2567.2 30136 3061.6 3108.9 3155.9 3202.9 3249.8 3296.9 3344.1
(298.39) H  1336.1 2754.0 3331.9 3394.0 34552 3515.8 3576.1 3636.2 3606.2 3756.3
s 3.2300 5.7207 6.6173 6.6090 6.7769 6.8516 6.9238 6.9936 7.0614 7.1274
v 1. 21.627 36.928 38,586 40.202 41.787 43.345 J 46,397 47.897
oenn fi annnn ncas'e anit e PoN-94 ninz naga anns e Pryre- anac s aninn
v 1.453 18.041 31.280 32,760 34.196 35.607 36.970 38,320 39.650 40.963
10000 U 13935 2547.3 2997.4 3047.0 3005.7 3143.9 31917 3239.5 3287.3 3335.1
(310.96) H 1408.0 2727.7 3310.1 3374.6 3437.7 3499.8 3561.4 3622.7 3683.8 3744.7
5 3.3605 5.6198 6.5147 6.5994 6.6797 6.7564 6.8302 6.9013 6.9703 7.0373
v 1.460 17.605 30.599 32.058 33.472 34.851 36.202 37.530 38.837 40.128
10200 U 1401.8 2544.6 2995.3 3045.2 3094.0 3142.3 3190.3 3238.2 3286.1 3334.0
(312.42) H 1416.7 27242 3307.4 3372.1 3435.5 3497.8 3550.6 3621.0 3682.2 3743.3
s 3.3748 56076 6.5027 6.5879 66685 6.7454 6.8194 6.8907 6.9598 7.0269
v 1.467 17.184 29.943 31.382 32.776 34.134 36.464 36.770 38.056 30,325
10400 U 14100 2541.8 2993.2 3043.3 3092.4 3140.8 3188.9 3236.9 3284.8 3332.9
(31386) H 14252 27206 3304.6 3369.7 3433.2 3495.8 3557.8 3619.3 3680.6 3741.8
s 3.3889 5.5085 6.4909 6.5765 6.6574 6.7346 6.8087 6.8803 6.9495 7.0167
v 1.474 16.778 29.313 30.732 32,106 33,444 34.753 36.039 37.304 38.552
10800 U 141841 2539.0 2601.1 3041.4 3090.7 3139.3 31875 323568 3283.6 33317
(316.27) H 1433.7 27169 3301.8 3367.2 3431.0 3493.8 3566.9 3617.6 3679.1 3740.4
s 3.4029 5.5835 6.4793 6.5652 6.6465 6.7239 6.7983 6.8700 6.9394 7.0067

Mollier Diagram — Turbine Efficiency

Vi /.
sy g%

Nturbine = m - m

The Mollier
diagram is much
quicker if perhaps
not as accurate.

.
e
<

2500 7274
o A

2000

B

55 8 85 9
Entropy - s - (kWK kg) 14
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Compressors

used to transport gases

Neoms =30 = A

—_— 1N

- ———t———
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Compressor on the Mollier Diagram

/ - On the Mollier diagram
| an the change in enthalpy

! (At
1y (AH) 500 < (AH) g

Mollier Diagram for Compression

-Vertical lines are
constant entropy (AS=0
means we have a

- reversible compressor
that requires the least
work for compression)

- In a real compressor
AS>0 and more work is
required.

- On the Mollier diagram
the change in enthalpy
(AH) as=0 < (AH)as>0

2500 {7

2000 L2
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Compressors

S Fﬁ
e

i (W) _ (aH),

Neomy = = T AR

From the Mollier diagram for compression of steam from 1bar
100°C, quality 0.867 to 20 bar and superheated to 375°C. Reading
directly off Mollier Diagram

_(W,)s _(AH), _ (2880-2360); _ (520); _ 0.60

om W AH  (3200-2360) 840

S

used to transport liquids

_ (W) _ (aH),

Mpump =~ AH

S

(aH), = V(p, -P)

10
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Heat Exchanger

Fluid flow through a system of pipes with transfer of heat energy
from one fluid to another.

domH =Y mH,| <9

Throttle

Fluid flowing in a pipe suddenly encounters a restriction. Result is
a pressure drop at constant enthalpy.

Partially open valve

11
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Example

A compressor takes in gas at a lower pressure and discharges it at
a higher temperature. The process occurs quickly, therefore it
can safely be assumed to be adiabatic. Air (ideal gas, Cp = 29.3
J/(mol K) is the inlet gas at T =290 K and P = 1 atm. The outlet
pressure is 10 atm. Estimate the T of the gas and the rate at
which work is done on the gas for a flow rate of 2.5 mol/s.

CHEE210 24
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