Study Guide Properties of Pure Substances

( prepared by JCO. Mostly from M.Boles Study Guide)

We now turn our attention to the concept of pure substances and the presentation
of their data.

Simple System

A simple system is one in which the effects of motion, viscosity, fluid shear,
capillarity, anisotropic stress, and external force fields are absent.

Homogeneous Substance

A substance that has uniform thermodynamic properties throughout is said to be
homogeneous.

Pure Substance

A pure substance has a homogeneous and invariable chemical composition and
may exist in more than one phase.

Examples:

1. Water (solid, liquid, and vapor phases)
2. Mixture of liquid water and water vapor
3. Carbon dioxide, C02

4. Nitrogen, N,

5. Air is treated as a pure substance as long as there is no change of phase, even
though it is a mixture of gases.

State Postulate

Again, the state postulate for a simple, pure substance states that the equilibrium
state can be determined by specifying any two independent intensive properties.



The P-V-T Surface for a Real Substance

¢ P-V-T Surface for a Substance that contracts upon freezing

S
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Looking at the PvT surfaces from different views we get very useful diagrams: T-
v, P,v and p-T (often called phase-diagram):
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Fig. 2-3 The P-v-T rendering of a substance that contracts on freezing.

It is important to memorize the basic features of those 2-D diagrams (names,
regions, how do the constant pressure and constant temperature lines look like, in
a T-v diagram draw a constant pressure line, and then you should be able to

locate a constant pressure line that corresponds to a higher pressure and to a
lower pressure). Make sure you can draw a diagram and indicate on it those basic

features.
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You can see in the P-T (or phase diagram) and on the PVT surface that we make
a difference between substances that expand on freezing (e.g. water) and those

that contract.

The CRITICAL POINT is a limiting state above which there is no clear

distinction between the liquid and vapor phases.

At the TRIPLE POINT all the phases (liquid, solid and vapor) coexist.
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The triple point for water is 0.01°C, 0.6113kPa and the Critical point for water is
374.14°C, 22.09 MPa.

Exercise 1. (Make sure you can do it)

Plot the following processes on the P-T diagram for water (expands on
freezing) and give examples of these processes from your personal
experiences.

1. process a-b: liquid to vapor transition
2. process c-d: solid to liquid transition
3. process e-f: solid to vapor transition
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Draw on a P-v diagram the following processes: 1. constant pressure, 2. constant
volume, 3. constant temperature. 4. Assume you have a CLOSED system inside
a RIGID tank, can you sketch how will the processes look like on the diagram?

Draw a T-v diagram. Indicate the critical point, indicate all the regions.

Using the tables:
The following steps will help you locate the appropriate table.
1. What substance?
2. draw a P-v or T-v diagram, and locate the information you have.

3. Usually you will go next to the saturation table (remember there are usually
two presentations: one ordered by temperature (“temperature table” ) and
the other ordered by pressure “pressure table”).

4. The right table to use can be determined by comparing the known
properties to properties in the saturation region (saturated table). For
example if pressure and specific volume are specified (Pgiven, Vgiven), W€ g0
to the saturation table (pressure table) and read v; and v4. and compare with
the Vgiven.

If Vgiven < V¢ We are in the compressed liquid region.

If Vi < Vgiven<Vq We are in the saturation region (L+V). We calcualate the
quality, x , to evaluate the remaining desired properties.

If v > vgiven We are in the superheated region.



QUALITY:

We defined the quality of a liquid, vapor mixture ( a state in the saturation dome)
as:

X = mass vapor

mass

total

this allow us to calculate any specific property on the saturation region knowing
the values of the property for the saturated liquid and saturated vapor:

&=, +x(0, — ;)
or calling
brg = Oy — s
we have
b =0f + Xy
Examples and notes:
1. the quantity (1-x) is sometimes called moisture.

2. 0< x< 1 always. But sometimes we can be given the quality in percentage (
85% quality means x=0.85)

3. the specific volume v of a mixture inside the saturation region can be
calculated from the formula above as:

v=v, +x(v, -v,)

4. Water, saturated mixture, T (or P) given and v given. How can you
calculate the quality?

With T go to saturation table, read v¢ and vy and then from the formula
above:



X = anown B Vf
V, =V
or
V-V
X = !
Vfg
Y—YVr
X =
y /4
PorT
i
PorT
' Sat. vapor
Vg
Sat. liquid
v,

here y represents any specific property for the saturated mixture
(liquid+vapor). You can see the relation between the use of the quality on
thermodynamics and the use of the “lever rule” on two phase regions
studied in material science.



Property Tables

In addition to the temperature, pressure, and volume data, Tables A-4 through A-8 contain the
data for the specific internal energy u the specific enthalpy h and the specific entropy s. The
enthalpy is a convenient grouping of the internal energy, pressure, and volume and is given by

H=U+PV
The enthalpy per unit mass is
h=u+Pv

We will find that the enthalpy h is quite useful in calculating the energy of mass streams
flowing into and out of control volumes. The enthalpy is also useful in the energy balance
during a constant pressure process for a substance contained in a closed piston-cylinder device.
The enthalpy has units of energy per unit mass, kJ/kg. The entropy s is a property defined by
the second law of thermodynamics and is related to the heat transfer to a system divided by the
system temperature; thus, the entropy has units of energy divided by temperature. We will deal
with entropy later.

Saturated Water Tables

Since temperature and pressure are dependent properties using the phase change, two tables are
given for the saturation region. Table A-4 has temperature as the independent property; Table
A-5 has pressure as the independent property. These two tables contain the same information
and often only one table is given.



Specific volume
3
m-/k
Sat. g
Temp. press | Sat. Sat.
°C kPa liquid vapor
T Pt it v,
85 57.83 [0.001033 2.828
90 70.14 {0.001036 2.361
a5 84.55 (0.001040 1.982
Specific Specific
temperature volume of
saturated
liquid
Corresponding Specific
saturation volume of
pressure saturated
vapor
TABLE A-4
Saturated water—Temperature table
Specific volume, Internal enorgy, Enthalpy, Entropy,
mikg kJd/kg kJ/kg kJ/{kg - K)

Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Temp., press., liquid, Sat. liquid, Evap., vapor, liquld, Evap., vapor, liquid, Evap., vapor,
T°C By.kPa v, vapor, vV, U, Upy Uy hy h o Sy Sy Sy
I 001 06113 0001000 206.14 0.0 23753 23753 0.01 2501.3 25014 0.000 9.1562 9.1562

5 0.8721 0.001000 147.12 20.97 2361.3 23823 20.98 2489.6 25106 0.0761 89496 9.0257
10 1.2276 0.001000 106.38 4200 23472 23892 4201 24777 2519.8 0.1510 8.7498 8.9008
15 17051 0.001001 77.93 62.99 2333.1 2396.1 6299 24659 2528.9 0.2245 B8.5569 8.7814
20 2,339 0.001002 57.79 8395 2319.0 24029 8396 24541 2538.1 0.2966 8.3706 8.6672
25 3.169 0.001003 43.36 104.88 2304.9 2409.8 10489 24423 2547.2 0.3674 8.1905 8.5580
30 4.246  0.001004 32.89 125.78 2290.8 24166 12579 24305 2556.3 0.4369 8.0164 8.4533
35 5.628 0.001006 25.22 146.67 22767 24234 14668 24186 25653 0.5053 7.8478 8.3531
40 7.384  0.001008 19.52 167.56 2262.6 2430.1 167.57 2406.7 2574.3 05725 7.6845 B8.2570
45 9.593 0.001010 15.26 188.44 22484 24368 188.45 23948 2583.2 0.6387 7.5261 8.1648
50 12.349  0.001012 12.03 209.32 22342 24435 20933 23827 2592.1 0.7038 7.3725 8.0763
55 15.758  0.001015 9.568 230.21 2219.9 2450.1 230.23 2370.7 2600.9 0.7679 7.2234 7.9913
60 19.940  0.001017 7.671 25111 22055 2456.6 251.13 23585 2609.6 0.8312 7.0784 7.9096
65 25.03  0.001020 6.197 272.02 2191.1 2463.1 272.06 2346.2 2618.3 0.8935 6.9375 7.8310
70 31.19 0.001023 5.042 292.95 2176.6 2469.6 29298 2333.8 2626.8 0.9549 6.8004 7.7553
75 3858 0001026 4.131 31390 21620 24759 313.93 23214 26353 1.0155 6.6669 7.8824
80 47.39 0001029 3.407 334.86 2147.4 24822 33491 2308.8 26437 10753 6.5369 7.6122
85  57.83 0001033 2828 355.84 21326 2488.4 35590 22960 2651.9 1.1343 6.4102 7.5445
90 70.14 0.001036 2361 376.85 2117.7 24945 37692 2283.2 2660.1 1.1925 62866 7.4791
95 84 55 0.001040 1.982 397.88 2102.7 2500.6 397.06 22702 2668.1 1.2500 6.1659 7.4159

Sat.

press.,

MPa
100 0.10135 0.001044  1.6729 418.94 2087.6 25065 419.04 2257.0 2676.1 1.3063 6.0480 7.3549
105 0.12082 0.001048 14194 44002 20723 2512.4 440.15 22437 2683.8 1.3630 5.9328 7.2958

For the complete Table A-4, the last entry is the critical point at 374.14 °C.
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TABLE A-5

Saturated water—Pressure table

Specific volume, Internal energy, Enthalpy, Entropy,
mikg kd/kg kd/kg kd/ikg - K)
Sat. Sat. Sat. Sat, Sat.
Press., temp., liquld, Sat. vapor, Sat. Evap., vapor, Sat. Evap., vapor, Sat. Evap., vapor,
PkPs  T.C v Ve Nquid, u, Uy Uy liquid, h, hy, hy liquid, s, s, s,
06113 0.0t 0.001000 206.14 0.00 23753 2375.3 0.01 2501.3 25014 0.0000 9.1562 9.1562
1.0 698  0.001000 129.21 2930 23557 2385.0 20.30 24849 2514.2 0.1059 8.8697 8.9756
15 13.03  0.001001 87.98 54.71 2338.6 23933 54.71 24706 2525.3 0.1957 8.6322 8.8279
20 17.60  0.001001 67.00 7348 23260 2399.5 73.48 2460.0 25335 0.2607 8.4629 8.7237
25 21.08  0.001002 54.25 88.48 23159 24044 88.49 24516 2540.0 0.3120 8.3311 8.6432
30 24.08  0.001003 4567 101.04 2307.5 2408.5 101.05 24445 25455 0.3545 8.2231 8.5776
4.0 2896 0.001004 34.80 121.45 22937 2415.2 121.46 24329 2554.4 0.4226 8.0520 8.4746
5.0 32.88 0.001005 28.19 137.81 2282.7 24205 137.82 24237 25615 0.4764 7.9187 8.3951
75 4029 0.001008 19.24 168.78 2261.7 24305 168.79 2406.0 2574.8 0.5764 7.6750 8.2515
10 45.81 0.001010 14.67 191.82 22461 24379 191.83 2392.8 2584.7 0.6493 7.5009 8.1502
15 53.97 0.001014 10.02 22592 22228 24487 225.94 23731 2599.1 0.7549 7.2636 8.0085
20 60.06 0.001017 7.649 25138 22054 2456.7 25140 23583 2609.7 0.8320 7.0766 7.9085
25 64.97  0.001020 6.204 27190  2191.2 24631 271.93 2346.3 2618.2 0.8931 6.9383 7.8314
30 69.10  0.001022 5229 28020 21792 2468.4 289.23 2336.1 2625.3 0.9439 6.8247 7.7686
40 75.87 0.001027 3.993 317.53 21595 2477.0 317.58 2319.2 2636.8 1.0259 6.6441 7.86700
50 81.33 0.001030 3.240 340.44 21434 24839 340.49 2305.4 26459 1.0910 6.5029 7.5939
75 91.78  0.001037 2.217 38431 21124 2496.7 384.39 22786 2663.0 1.2130 6.2434 7.4564
Press.,
MPa
0.100 99.63 0.001043 1.6940 417.36 2088.7 2506.1 417.46 2258.0 26755 1.3026 6.0568 7.3594
6.125 10599 0.001048 1.3749 44419 2069.3 25135 444 32 22410 2685.4 1.3740 59104 7.2844
0.150 111.37 0.001053 1.1593 466.94 2052.7 2519.7 467.11 2226.5 2693.6 1.4336 5.7897 7.2233
0.175 116.06  0.001057 1.0036 486.80 2038.1 2524.9 486.99 22136 2700.6 1.4849 5.6868 7177
0200 120.23  0.001061 0.8857 504.49  2025.0 25295 504.70 22019 2706.7 1.5301 55970 71271
0.225 124.00 0.001064 0.7933 520.47 20131 2533.6 520.72 21913 27121 1.5706 55173 7.0878
0.250 127.44  0.001067 0.7187 535.10 2002.1 2537.2 535.37 21815 27169 1.6072 5.4455 7.0827

For the complete Table A-5, the last entry is the critical point at 22.09
MPa.

Saturation pressure is the pressure at which the liquid and vapor phases
are in equilibrium at a given temperature.

Saturation temperature is the temperature at which the liquid and vapor
phases are in equilibrium at a given pressure.

A
In Figure @@, states 2, 3, and 4 are saturation states.

The subscript fg used in Tables A-4 and A-5 refers to the difference

between the saturated vapor value and the saturated liquid value region.
That is,

f 1
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Up =U, — Uy

hfg = hg _hf

Sk =S¢ 757
The quantity hy, is called the enthalpy of vaporization (or latent heat of
vaporization). It represents the amount of energy needed to vaporize a unit

of mass of saturated liquid at a given temperature or pressure. It decreases
as the temperature or pressure increases, and becomes zero at the critical

point.

Superheated Water Table

A substance is said to be superheated if the given temperature is greater
than the saturation temperature for the given pressure.

12



In the superheated water Table A-6, T and P are the independent
properties. The value of temperature to the right of the pressure is the

saturation temperature for the pressure. The first entry in the table is the

saturated vapor state at the pressure.

v, u, h,
T°C| m¥kg klkg klkg
P =10.1 MPa (99.63°C)
Sat. 1.6940 2506.1 2675.5
100 | 1.6958 2506.7 2676.2
150 | 1.9364 2582.8 27764
1300 | 7.260 4683.5 54095
P =0.5MPa (151.86°C)
Sat. | 0.3749 2561.2 2748.7
200 | 04249 26429 28554
250 | 04744 2723.5 2960.7

TABLE A-6
Superheated water
T v u h s v u [ s v u h s
I-c m’kg kd/kg kd/kg kJ/{kg-K) | m?kg kikg kdkg ki(kg -K) | m*kg kikg kikg kJ/{kg - K)
P = 0.01 MPa (45.81°C)* P=0.05 MPa (81.33°C) P =0.10 MPa (99.63°C}
Sat.! 14674 2437.9 2584.7 8.1502 3.240 24839 26459 7.5939 16940  2506.1 2675.5 7.3594
50 14.869 24433 2592.6 8.1749
100 17.196 2515.5 2687.5 8.4479 3.418 25116 26825 7.6947 16958 2508.7 2676.2 7.3614
150 19.512 2587.9 2783.0 8.6882 3.889 25856  2780.1 7.9401 1.9364 25828 2776.4 76134
200 21.825 2661.3 2879.5 8.9038 4.356 2659.9 2877.7 8.1580 2172 2658.1 28753 7.8343
250 24.136 2736.0 29773 9.1002 4.820 2735.0 2976.0 8.3556 2.406 2733.7 29743 8.0333
300 26.445 28121 3076.5 9.2813 5.284 2811.3 30755 8.5373 2,639 2810.4 3074.3 8.2158
400 31.063 2968.9 32796 9.6077 6.209 2968.5 32789 8.8642 3.103 2967.9 3278.2 8.5435
500 35679 31323 3489.1 9.8978 7134 3132.0 3488.7 9.1546 3.565 31316 3488.1 8.8342
600 40.295 3302.5 3705.4 10.1608 8.057 3302.2 3705.1 9.4178 4.028 3301.9 3704.4 9.0976
700 44911 3479.6 3928.7 10.4028 8.981 34794 39285 9.6589 4.490 3479.2 3928.2 9.3398
800 49.526 3663.8 4159.0 10.6281 9.904 36636 4158.9 9.8852 4952 3663.5 41586 9.5652
900 54.141 3855.0 4396.4 10.8396 10.828 38549 43963 10.0967 5.414 3854.8 4396.1 9.7767
1000 58.757 4053.0 4640.6 11.0393 11.751 4052.9 46405 10.2964 5.875 4052.8 4640.3 9.9764
1100 63.372 42575 4891.2 11.2287 12,674 4257.4 48911 10.4859 6.337 4257.3 4891.0 10.1659
1200 67.987 4467.9 51478 11.4091 13.597 4467.8 51477 10.6662 6.799 4467.7 51476 10.3463
1300 72.602 4683.7 5409.7 11.5811 14.521 4683.6 5409.6 10.8382 7.260 4683.5 5409.5 10.5183

13



Compressed Liquid Water Table

A substance is said to be a compressed liquid when the pressure is greater
than the saturation pressure for the temperature.

Data for water compressed liquid states are found in the compressed liquid
tables, Table A-7. Table A-7 is arranged like Table A-6, except the

saturation states are the saturated liquid states. Note that the data in Table
A-7 begins at 5 MPa or 50 times atmospheric pressure.

TABLE A-7

Compressed liquid water

T v u h s v u h s
°C  mdkg kdkg kikg kd/(kg-K)im*kg kJkg kJdkg kJ/(kg-K)
P =5 MPa (263.99°C) P =10 MPa (311.06°C)

Sat. 0.0012859 1147.8 1154.2 29202 |0.0014524 1393.0 14076  3.3596
0 0.0009977 0.04 504 0.0001 |0.0009952 009 10.04 0.0002
20 00009995 8365 8865 0.2956 |0.0009972 83.36 93.33 0.2945
40 0.0010056 166.95 17197 05705 |0.0010034 166.35 176.38 0.5686
60 0.0010149 25023 25530 0.8285 |0.0010127 249.36 259.49 0.8258
80 00010268 333.72 33885 1.0720 |0.0010245 33259 34283 1.0688
100 00010410 417.52 42272 1.3030 |0.0010385 416.12 426.50 1.2992
120 0.0010576 501.80 507.09  1.5233 |0.0010549 500.08 510.64 1,5189
140 0.0010768 586.76 592.15  1.7343 |0.0010737 584.68 59542 17292
160 0.0010988 672.62 678.12  1.9375 |0.0010953 670.13 681.08 1.9317
180 0.0011240 759.63 76525 2.1341 [0.0011199 756.65 767.84 2.1275
200 0.0011530 848.1 853.9 23255 |0.0011480 8445 8560 23178
220 0.0011866 938 4 944.4 25128 |0.0011805 9341 9459 2.5039
240 0.0012264 1031.4 10375 26979 10.0012187 1026.0 1038.1  2.6872
260 0.0012749 1127.9 1134.3 2.8830 ]0.0012645 1121.1 1133.7  2.8699
280 0.0013216 12209 12341  3.0548
300 0.0013972 1328.4 13423  3.2469
320
340

At pressures below 5 MPa for water, the data are approximately equal to
the saturated liquid data at the given temperature. We approximate
intensive parameter y, that is v, u, A, and s data as

YZ=DYrar
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The enthalpy is more sensitive to variations in pressure; therefore, at high
pressures the enthalpy can be approximated by

h= hf@T +vf(P—Psat)

For our work, the compressed liquid enthalpy may be approximated by

h=h, o

Example 1:

Find the internal energy of water at the given states for 7 MPa and plot the
states on 7-v, P-v, and P-T diagrams.
Steam

700 I T T T I I

600 |- 7000 kPa —

500 |- -

400 |- .

—
o I ]
= 300} .
200 | _
100 |- _.
0 | | 1 1
107 107 1072 10 10° 10t 10° 10°
3
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s Steam

107 1 1 T 1 1

100

10°L
‘w
a
-
el 2
a 107+

10tk

10° 1 1 N 1 ! ,

107 107 107 107 10° 10t 10
3
v [m /kgd]
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P Steam CP

MPa
Triple
—_—

Point

0.01 2859 374.14

1. P="7 MPa, dry saturated or saturated vapor
Using Table A-5,
U=u, = 2580.5E
kg
Locate state 1 on the 7-v, P-v, and P-T diagrams.
2. P =7 MPa, wet saturated or saturated liquid
Using Table A-5,
u=u,=12576"
kg
Locate state 2 on the 7-v, P-v, and P-T diagrams.
3. Moisture = 5%, P =7 MPa

let moisture be y, defined as

16
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my
y=—-=0.05
m
then, the quality is
x=1-y=1-0.05=095
and using Table A-5,

u=u, +x(u, —u,)
=1257.6+0.95(2580.5—-1257.6)

=2514.4ﬁ

kg
Notice that we could have used
U=U f +XxXUu 2

Locate state 3 on the 7-v, P-v, and P-T diagrams.
4. P=7MPa, T=600°C

For P =7 MPa, Table A-5 gives T, = 285.9°C. Since 600°C > T, for this
pressure, the state is superheated. Use Table A-6.

u= 3260.7—k—]

kg

Locate state 4 on the T-v, P-v, and P-T diagrams.
5. P=7MPa, T=100°C

Using Table A-4, At T=100°C, P, = 0.10132 MPa. Since P > P, the
state is compressed liquid.

17



Approximate solution:

U= Upgr_jooc = 418.94E

kg
Solution using Table A-7:
We do linear interpolation to get the value at 100 °C. (We will

demonstrate how to do linear interpolation with this problem even though
one could accurately estimate the answer.)

P MPa ukl/kg
5 417.52

7 u=7?

10 416.12

The interpolation scheme is called “the ratio of corresponding differences.”

Using the above table, form the following ratios.

5-7  41752-u
5-10 41752-41612

u:416.96—ki

kg

Locate state 5 on the 7-v, P-v, and P-T diagrams.
6. P=7MPa, T=460°C

Since 460°C > T, at P =7 MPa, the state is superheated. Using
Table A-6, we do linear interpolation to get u.

18



T °C ukJ/kg

450 2978.0
460 u=7?
500 3073.4

Using the above table, form the following ratios.

460—-450  u—2978.0

500—450 3073.4—2978.0

u=29971 K

kg

Locate state 6 on the 7-v, P-v, and P-T diagrams.

Example 2-2

Determine the enthalpy of 1.5 kg of water contained in a volume of 1.2 m*
at 200 kPa.

Recall we need two independent, intensive properties to specify the state of
a simple substance. Pressure P is one intensive property and specific
volume is another. Therefore, we calculate the specific volume.

3 Volume 3 12m’ 3 m’

v = =0.
mass  15kg kg

Using Table A-5 at P =200 kPa,
v,=0.001061 m’kg, v,=0.8857 m’/kg

Now,

19



Is v<vf? No
(?
Is V, <v<v, 7 Yes

Is vg<v? No

Locate this state on a 7-v diagram.
T

We see that the state is in the two-phase or saturation region. So we must
find the quality x first.

v=v,+x(v,-v,)

V—v

X = f
Ve = Vs
08-0.001061

~ 0.8857—0.001061
=0.903 (What does this mean?)

Then,
h=h, +xh,
= 504.7 +(0.903)(2201.9)

= 24933 L

kg

20



Example 2-4

Consider the closed, rigid container of water shown below. The pressure is
700 kPa, the mass of the saturated liquid is 1.78 kg, and the mass of the
saturated vapor is 0.22 kg. Heat is added to the water until the pressure
increases to 8§ MPa. Find the final temperature, enthalpy, and internal
energy of the water. Does the liquid level rise or fall? Plot this process on
a P-v diagram with respect to the saturation lines and the critical point.

P

mg, V,

Sat. Vapor

my, Vi
Sat. Liquid

21



System: A closed system composed of the water enclosed in the tank

Property Relation: Steam Tables

Process: Volume is constant (rigid container)

For the closed system the total mass is constant and since the process is
one in which the volume is constant, the average specific volume of the
saturated mixture during the process is given by

V
vy = — = constant
m
or

V, =V,
Now to find v; recall that in the two-phase region at state 1

m,, 022 kg
xl = - =
me +m,  (L78+0.22) kg

Then, at P = 700 kPa
v =V X (vg1 — vfl)

=0.001108+(0.11)(0.2729 -0.001108)

3
m
=0.031—
kg
State 2 is specified by:
P, =8 MPa, v,=0.031 m’/kg
At 8 MPa,
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vr=0.001384 m’/kg v, =0.002352 m’/kg

at 8 MPa, v, = 0.031 m3/kg; therefore, is
Is v, <v,? No

?
Is v, <v,<v,? No

Is v, <v,? Yes

Therefore, State 2 is superheated.

Interpolating in the superheated tables at 8 MPa gives,

T,=362°C
hy = 3024 kJ/kg
uy = 2776 kJ/kg

Since state 2 is superheated, the liquid level falls.
Extra Problem

What would happen to the liquid level in the last example if the specific
volume had been 0.001 m*/kg and the pressure was 8 MPa?
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Extra Assignment

Complete the following table for properties of water

Sketch a T-v or P-v diagram for each state. Describe the phase as
compressed liquid, saturated mixture, or superheated vapor. Ifthe state is
saturated mixture, give the quality.

PMPa |v m3/kg T°C Phase Description and
Quality if Applicable
1.725 100
0.85 0.227
15.0 400
0.001124 |180
0.75 0.221
0.3879 150
0.25 0.095
0.04 350
20.0 300
1.6 0.2
3.5 0.095
10.0 220
0.580 135
0.055 500
0.4 0.4625
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INTERPOLATION

We will use LINEAR INTERPOLATION:

Assume you have the following table:

v, u, h,
T°C| m¥kg klkg kl/kg ‘
P =0.1 MPa (99.63°C)

Sat. | 1.6940 2506.1 2675.5
100 | 1.6958 2506.7 2676.2
150 | 1.9364 2582.8 2776.4

1300 | 7.260 4683.5 5409.5
P = 0.5 MPa (151.86°C)

Sat. | 0.3749 2561.2 2748.7
200 | 0.4249 26429 28554
250 | 0.4744 2723.5 2960.7

and you have: P = 0.1 MPa and T=120 °C, and you want to find either v, or u, or h. (let’s
pick v). What can we do?

We make an estimation. That estimation is usually done assuming that the behavior is
linear (and that is why we call it LINEAR interpolation, interpolation = “to estimate
values of (a function) between two known values™).

2
K 4
" :
The value we Want |« -----eooeommeo T
- : :
- < :
¢
|
[}
1.65 ;
60 80 100 120 140 160 180 200

25



We can find the equation of the line (we know two points), and then plug in the given
120°C and find the value that we want.

The equation of the line passing by (x1, y1) and (x2,y2):

Y,y
y=y, + 2 1(X_xl)
X, =X
so in our case:
v =1.6958+1'9364_1'6958(T—100)

wanted 150-100

Notice that T has units of °C and the result vyaneeq will have units of mslkg.

For T=120°C we get v = 1.79204 m’/kg

You can also interpret the linear interpolation procedure from similar triangles:
(Triangles ABC and ADE are similar), then,

AD _DE
AB BC’
anown —Xl - Ywanted _Yl or Ywanted = Y1 + Y2 _YI (anown _Xl)
X, -X, Y, -Y, X, =X,
Y, —t .
Ywanted - :
Yi A 5 B

X 1 anown X2
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