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Dr. Fletcher’s Sanity Rules

* Wait 24 hours to come see me about
points

* Please come see me if you think it was
graded wrong or unfairly

— Don’t be afraid to come see me (please!)




(In case you were wondering)

Exam 3

Closed Book
Closed Notes

3 hrs

One 8.5 x11 page with equations and

notes (one side)

All tables and data will be provided

S 2

Enthalpy &
Steam Tables

Class 24




Shaft Work vs Flow Work

+ W, = shaft work
— Work done by moving parts
— Axle, turbine, pump
+ W; = flow work
» Work by fluid to push through the system

in out
P.in Pput
Vin Vout

> Wy = P Vin - PoutVour (POsitive when W added to system)

[1H ”

= —A(PV) since the A means “out” minus “in
» Cannot be ignored (friction happens!)

Enthalpy

* An energy term made up for convenience

H=U+PV
H = U + PV (perkg or kgmole)

« Commonly used for open systems

— For those of us who hate converting pressure
units to energy units!!!




Open System Energy Balance

» At Steady State:
AH + AEx + AEp = Q + W
Units: Btu/hr or J/s or kW \

where

AH = mAH = m(H,,, — Hy,)

Compare with Closed System Energy Balance

AH + AEg + AEp = Q + W,
AU+ AEx +AEp =Q+ W
* What are the differences?
* Where did H come from?
W =W, +Wj
=W, - A(PV)
AU + A(PV) = AH

Enthalpy is your friend

5
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1. Tables
2. Equations
3. Graphs

Steam Tables

« Tables are always with respect to some
reference state

» AH from reference state is the value in the table

* If you use data from different tables, you will
need to adjust for the reference state
— This can cause huge errors

« Enthalpy is a state property
— Does not depend on path

10



1. Liquid Water

2. Steam (vapor)

Table BS Properties ar@md Sl@'cmp:mlurc Tables

Subcooled
liquid

Superheated
steam

Saturated steam

3. AH

vap

4. P*i00

Saturated liquid

Vim'/kg U(kI/kg) H{k/kg)

Water  Steam  Water Steam Water Evaporation Steam

0.001000 2062 zero 23756( +0.0 2501.¢ 2501.6

)5 0001000 179.9 2378.3 84 2505.2

13 0001000 1573 2381.1 . 25089

0.001000 137.8 23838 252 25126

0.001000 121.0 2386.6 25162

0.001000 1064 23893 25199

0.001000 938 2392.1 25236

0001001 829 23948 25212

0. 0.001001 | 734 2397.6 25309

18 002062 0.001001 & 65.1 2400.3 2534.5

00 0001002 | 57.8 2403.0 8.2
2 0.001002 515 24058 2541.
24 0.001003 = 459 h 24085 2455
25 0.001003 | 434 24099 25473

26 0001003 | 41.0 24112 1089 2549.1

28 0001004 367 24140 1173 25527

30 0.001004 = 329 24167 1257 25564

32 0.001005 = 29.6 24194 1340 25600

34 0.001006 = 266 24221 1424 2563.6

36 0001006 = 24.0 24248 1507 25672

38 0001007 216 24275 159.1 2570.8

40 0001008 1955 24302 1675 25744

42 0001009 = 17.69 24329 1758 25719

4 0.001009 = 16.04 24356 1842 25815

46 0.001010 | 1456 24383 1925 2585.1

48 0001011 | 1323 24409 2009 2588.6

50 0.001012 2093 25922
52 0.001013 2177 2505
54 0.001014 226.0 2599
56 0.001015 2344 6 2602
58 0.001016 2428 ) 2606
60 0.001017 251.1 2609
62 0.001018 2505 2353 2613
64 0.001019 2679 234 2616
66 0.001020 2762 343 2619
68 0.001022 2846 233 2623

Reference Enthalpy
for Steam Tables
(H=0 at triple pt,
0.01°C and

0.00611 bar)

“From R. W. Haywood, Thermodynamic Tables in SI (Metric) Units, Cambridge University Press,

London, 1968. V = specific volume, [/ = specificinternal energy.and H = specific enthalpy. Nore:

KJkg x 0.4303 = Btu/lb,,

(continued )
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Table B.6 Properties @ Pressure Table®
V(m'/kg) U(kkg) Hikllkg)

T(°C) Water Steam Water Steam Water Evaporation Steam
0.00611 0.01 0.001000 206.2 zero 23756 +0.0 2501.6 2501.6
0.008 18 0.001000 159.7 158 23807 158 24026 25085
0.010 7.0 0.001000 129.2 29.3 23852 293 2485.0 25144
0.012 97 0.001000 108.7 0.6 23880 406 2478.7 25103
0014 120 0.001000 930 503 23020 503 24732 25235
0.016 140 0.001001 828 58.0 23948 589 2468.4 25273
0.018 150 0.001001 74.0 66.5 23974 6.5 2464.1 25306
0.020 17.5 0.001001 670 73.5 2399.6 735 2460.2 25336
0.022 19.0 0.001002 61.2 79.8 2401.7 798 2456.6 25364
0.024 204 0.001002 56.4 85.7 24036 857 24533 2539.0
0.026 n7 0.001002 523 91.1 24054 91.1 24502 25413
0.028 210 0.001002 187 96.2 2407.1 06.2 24473 25436
0.030 241 0.001003 101.0 2444.6 25456
0.035 26.7 0.001003 Saturated lquid | 1118 24385 25504
0.040 290 0.001004 Subcooled 1214 2433.1 25545
0.045 30 0.001005 ‘ liouid 130.0 2428.2 25582
0.050 120 0.001005 . Solid 1378 24238 2561.6

Saturated steam
0.060 362 0.001006 151.5 2416.0 25675
0.070 39.0 0001007 Superhezted 1634 24002 25726
0.080 415 0.001008 i 1739 2403.2 2577.1
0.090 3R 0.001009 1833 2397.9 2581.1
010 458 0.001010 T 101.8 2302.9 25848
011 477 0.001011 199.7 2388.4 2588.1
012 194 0.001012 12.36 206.9 24428 206.9 23843 25912
013 511 0.001013 11.47 N3.7 24450 2137 2380.4 2594.0
014 526 0.001013 10.69 2200 24470 2200 2376.7 2596.7
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Table B.7 Propertiedlgf Superheated Stghm*

Table B.7 (Continued)

P(bar) satd Satd | Temperature (°C)—

P(bar) Te
(Ta °C

ature (°C)
asi

(T:°C) Water  Steam 0 100
.0 A 2 2
© 0
v
0.1 A
@“s8)
[
05 A
(81.3) 0
4
10 a
(99.6) o
v
0 H
(518)
v
10 i
an9) U 7615
v 000113
0 A 9086
(@124) 0 9062
Vv 000118 0.09950
40 A 10874
(2503) 0 10824
V000125
60 A
(2756) 5.8
00132
80 1317.1 .
(2950) U 13060 rated liguid
0.00139
100 4
(11.0) B “Saturated steam
00181
150 26150
(3421) 24599
00103
24184
T

2037.8
) 000317 0.00317

T oD SO 90D S0k SOD IOD SO OB SO

Subcooled /Saturated liquid
liquid

.\Szuxam: steam

Energy Equation Information Sheet

What they say...

What they mean...

Well insulated

Q=0,but AT#0

Adiabatic

Q=0,but AT#0

Isothermal

AT =0, but Q #0

Rigid Container

Volume doesn’t change
Wpy =0

Isochoric

Constant Volume
Wy, =0

No mechanical parts, or no
moving parts

We=0
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1.What is AH,,, at 30 bar?  [1793.9 kl/kg (Table B.6)|

vap
2.What is P*,c at 311°C? | 100bar (Table B.6) |
3.Whatis v, at 84°C? 0.001032 m?/kg (Table B.5)]

4 Whatis 5. at 200 bar and 100°C7434.0 kilkg (Table B.7)

5.What is #.. at80 bar and 600°C? | 3640 kJikg (Table B.7)

6.What is the dew point temperature (T,) for
question #57? 295.0°C (Table B.7)]

7.What is the temperature and enthalpy of
saturated steam at 80 bar? |295.0°c, 2759.9 kJ/kg (Table B.6)]

8.What is the enthalpy of 10% quality steam at 30
bar? (Quality is defined as the wt% steam in a
steam-water system).

] 0.9*1008.4 + 0.1*2802.3 = 1187.8 kJ/kg (Table B.6) \

15

Rule of Thumb

» Closed Systems
— Use internal energy (U)

* Open Systems
— Use enthalpy (H)

16




Examples

17

Example: Steam Turbine

18




Steam ¥ (this W, turns the generator to make electricity)

1000 kg/hr .

60 bar Ws

500°C Q=0 Steam
1 bar
400°C

Find the work done by the fluid on the turbine blades.

AH+}E{+}%: 7+ W,

Hi, = 3422 k] /kg H,e = 3278 kJ /kg
AH = m(Hyye — Hip) =7
(1000 kg/hr)(3278 kJ/kg — 3422 kJ/kg) = W, = -1.44 x 105 kd/hr
=-40 kJ/s = -40 kW

W, = -40 kW
Work done by fluid on the turbine blades

19
Example: Condenser
n
(Heat Exchanger)
Straight-tube heat exchanger shel-sice
{one pass tube-side) fluid in
tube sheet tube bundle with tube sheet
straight tubes
: g
A\ / shTEH ]
ﬁ ﬂ baffles ﬂ
tube-side immg tube-side
fluid in fluid out
20
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Q
Steam ) Sat'd water
1 bar — bar
200°C

60 kg/hr

Find 0

H;, = 2875 k] /kg Hyye = 417.5 k] [kg

i+ 98+ o= Qo L
Q = m(ﬁout - ﬁin) =7
0 = (60 kg/hr)(417.5 kd/kg — 2875 kJ/kg)(hr/3600 s) = - 40.96 kJ/s
Out - In

O = -41 kW

(Heat removed)

21

HW Hint

* On problem 21.4, use the saturated
conditions to find the enthalpy of liquid
H,O at 27°C. This enthalpy is not at the
correct pressure, but the effect of pressure
on liquid water enthalpy is very small.

22
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