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Pure Substange

= A substance that has g fixedfctiemical composition
throughout is g@djﬁd%‘c%qng\isubstance, e.g.: H,0,

N2, CReVEY G a0e
m A pure substance does not have to be of a single
chemical element or compound

m A mixture of chemical elements/compounds also

gualifies as a pure substance as long as the mixture
IS homogeneous, e.g. Air

m However, a mixture of oil and water is
not a pure substance - oil is not
homogeneous/soluble in water, forming
two chemically dissimilar regions

oil

water
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Phases Of Pure Slg)h,slances

sa\
mA phase is Id?‘ﬁ 9% k@ying a distinct molecular
arra% r% a @lﬁnogeneous throughout anc
separdfed from e others by easily identifiable
boundary surfaces. Eg. Two phases of water in icec
water

m Three principal phases: solid, liquid and gas

mA substance may have several phases within a
principal phase, each with a different molecular
structure. For eg:

Helium has two liguid phases;
Iron has three solid phases.
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- Above critical temperature and pressure = no_significant
process of phase change occurs.

+ The volume continues to increase and only one phase that
similar to vapour phase exists.
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Quality and sa‘rurat\gd region

m During vaporization, a $ eX|sts In two phases (liquid
and vapour) th tﬁ@%% Dikture of saturated liquid and
0 of v

satura fé apor to the total mass of
mixtur qualltypa‘-ae
m m

X vapour _ vapour . g
Miotal I’nliquid +mvapour Mg +M

g

mx=0 (or 0%) for saturated liquid and x=1 (or 100%) for
saturated vapour, so the range for quality is 0 < x < 1.

m Quality has significance for saturated mixtures only. It has no
meaning Iin the compressed liquid or superheated vapor
regions.

m The properties of the saturated liquid are the same whether it
exists alone or in a mixture with saturated vapor. During the
vaporization process, only the amount of saturated liquid
changes, not its properties. Similarly to a saturated vapor.




Example of compressed liquid table

TABLE A—71
Compressad liquid water (
T v U h s s v u h s
°C m3/kg kikg  klkg  klkg - rﬁaﬁ\ﬁg klikg kJIkg - K] m¥kg kikg  kIRE ﬂ!kg- K
- \ P =5 MPa (26 w\c{'\ = 10 MPa (311.00°C) P = 15MF‘a€342.16C],
( Sat 00012862 11 ‘2’920? 393.3 1407.9 33603 |0.0016572 1585.5 qu;; ‘.

5 03 DDD DU 9 01z 10,07 0.0003 | 0.0009928 0.18 15.07
BS El DDD 9?3 B3.31 93.28 0.2943 | 0.0009951 23.01 97.93
UDD 005? 1&6. 9 5?0 0.0010035 166,33 176.37 05685 |0.0010013 165.75 1BO.77

000101 08287 | 0.0010127 24943 25555 08260 |0.0010105 24858 283.74
8 26‘96 338.96 10723 [ 00010244 33269 34294 10651 00010221 231.59 346,92
100 104 65 422,85 1.3034 (00010385 41623 42662 1.299 00010361 41485 43039 .
120 00105?6 50191 G607 19 152326 | 0.0010%54%2 650018 51073 15191 | 00010522 49850 514.28 1.5148
140 00010762 GEG6.BO 59218 1.7344 | 00010738 DHE4TZ 59545 1.7253 |0.0010708 GB2.69 59BTS 17243
160 0.0010988 67255 67804 1.9374 | 0.0010954 6&70.06 68101 15316 |0.0010520 667.63 &84.01 1.9259
180 0.0011240 75947 765.09 21338 | 0.0011200 7hedE 7Ta7.668 21271 |0.0011160 T753.58 77032 21206
200 00011531 84792 85368 23201 | 00011482 84432 80580 23174 |0.0011435 24084 8LHBO0 23100
220 00011868 93839 94432 205127 | 0.001180% 93401 94582 25037 |0.0011752 929.81 947.43 24951

240 0.0012268 10316 1037.7 Z.6983 [ 0.0012192 10262 10383 268876 |0.0012121 10Z1.0 1039.2 26774
260 00012755 11285 11349 25841 | 0.0012652 11216 11343 28710 |0.0012560 1115.1 1134.0 Z.BERE

[aw]

280 0.0013226 12218 12350  3.056e5H | 00013096 12134 1233.0 3.0410

300 0.0013980 13294 1343.3 3.2488 |0.0013783 13176 1323832 3.2279

320 0.0014733 1431.9 1454.0 34203

340 0.0016311 1567.9 1592.4 3.6665
F =20 MFa (365.75'C) F = 30 MPa F = 50 MPa

Sat. 0.0020378 17858 18266 40148
0 0.0005304 0.23 20,03 00005 | 0.0009857 0.29 2986 00003 | 0.0009767 0.29 49,13 —0.0010
20 00002929 2271 10257 02521 | 0.0009356 8211 111.77 0.2897 | 0.0009805 B0.93 129,95 0.2845
40 00002992 16517 18516 005848 | 0.0009951 18405 193,90 05507 | 00009872 161.90 211,25 05528
a0 00010024 24775 267.92 08208 | 0.0010042 24514 275.26 08166 | 000093562 243.08 29288 0.805G
80 0.0010199 33050 35050 10827 | 0.0010155 32840 35888 1.0684 |0.0010072 32442 37478 1.0442

100 0.0010337 41350 43417 1.2920 | 0.0010290 41087 441.74 1.2847 |0.0010201 405.94 456,94 1.2705

120 00010496 49085 517.84 1.5105 | 0.0010445 49366 52500 1.5020 |0.00102349 48765 539,43 1.4859

140 00010679 58071 60207 1.7194 | 0.0010623 57690 60875 1.7088 |0.0010517 569.77 62236 1.69l6

160 00010885 665,28 6B7.05 1.9203 [ 0.0010823 66074 £93.21 1.92054 |0.0010704 65233 70585 1.B889

180 00011122 75078 773.02 21143 | 0.001104% 74540 77855 21020 |0.0010914 73545 79008 20790

200 0.0011390 B37.49 86027 23027 | 00011304 83111 86502 22888 |0.001114% EB1945 EB75.159 22628

220 0.0011697 92577 94916 24867 | 00011595 91815 852593 24707 |0.0011412 904.35 S561.45 24414

240 00012053 10le.l 10402 26676 | 00011927 10062 10427 26491 | 00011708 990,55 10491 26158

260 00012472 1109.0 11340 23848% | 0.0012314 10978 11347 28200 |0.0012044 1073.2 1138.4 27864

280 0.0012978 12056 1231.5 30265 | 0.0012770 11915 12298 30001 |0.0012430 1167.7 12299 2.9547

300 00013611 1307.2 13344 32091 | 0.0013322 12889 13289 31781 |0.0012879 1259.6 1324.0 31218

320 00014450 14166 14455  3.3995 | 0.0014014 13917 14337 33558 | 0.0013409 13543 14Z1.4 3.2888

340 00015693 15402 15716 36086 | 0.0014932 15024 15471 3.5438 |0.0014049 14329 1523.1 34575

360 Q0018248 17036 17401 38787 | 00016276 16268 16756  3.7459 |0.0014848 15565 16307 3.6301

380 0.001872% 17820 18352 4.0026 |0.0015884 1867.1 1746.5 3.8102




Example 2.1 6.cOU¥
Using Property Tables iséag)le for H,O:
v(_e\l'\e\N < ?’3 ©

— P (MPa) %Wkg) T (°C) |Phase and Quality

(a) 1.725 100

(b) 0.85 0.227

(c) 15 400

(d) 0.001124 180

(e) 0.75 0.221

(f) 0.3879 150

(9) 0.25 0.095
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The Compressil%iggm\Factor, Z

m From the Gener I@e&eég%npressibility Chart,
the follg 'ng‘b%gseem?aﬂﬁ)n can be made :
1.) Xt‘very Igv% pressures (P << 1), gases
behave as an ldeal Gas regardless of

Temperature.

2.) At high temperatures (T, > 2), Ideal Gas
behaviour can be assumed with good accuracy
regardless of Pressure except when P>>1.
3.) The deviation of a gas from Ideal Gas

behaviour is greatest in the vicinity of the Critical
Point.



INTERNAL ENERGY, ENTHALPY ND SPECIFIC
HEATS OF SOLIDS AN@dﬂ

teS
m A substance thq \bﬁlme (or density) Is constant
-> mco @g@ - the specific volumes of solids
and I bids essen remaln constant during a process.

m The constant- volume and constant-pressure specific heats
are identical for incompressible substances:

C,=C.,=C  (kJ/kg.K)

m Specific heat values for several common liquids and solids
are given in Table A-3.

m The specific heats of incompressible substances depend on
T only. Thus, internal energy of the Iincompressible
substances:

du=CdT 0, Ay (T, ~T,)




