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Ex N 01.

Déterminer le travail mis en jeu par 2 litres de gaz parfait maintenus a 25°C sous la pression de 5
atmosphéres (état 1) qui se détend de fagon isotherme pour occuper un volume de 10 litres (état 2) :(a) de
fagon réversible, (b) de fagon irréversible.

A la méme température le gaz est ramené de 'état 2 a I'état 1. Déterminer le travail que la compression
s'effectue (c) de fagon réversible, (d) de fagon irréversible.

Ex N 02. >

X . . L s R , . Vent
A un certain endroit, le vent souffle réguliérement a 12 m/s. Déterminer

(a) I'énergie mécanique de I'air par unité de masse et (b) le potentiel de 12 m/s

Eolienne
)

production d'énergie d'une éolienne avec des pales de 50 m de diamétre a
cet endroit, (c) la production d'électricité réelle (supposant une efficacitt =~ ————=>
globale de 30 %, et la masse volumique de I'air est p = 1.25 kg/m?3).

Ex N 03
L'eau est pompée d'un lac & un réservoir de stockage a 20 m au-dessus,
avec un débit de 70 L/s, tout en consommant 20,4 kW d'énergie électrique

Réservoir de stockage

(Figure 1). Sans tenir compte des pertes par frottement dans les tuyaux et

de tout changement de I'énergie cinétique, déterminer (a) I'efficacité
globale de I'unité pompe-moteur, et (b) la différence de pression entre 20m
I'entrée et la sortie de la pompe.

=l

Po
B /
Ex N 04.

1. Calculer (a) la variation d’entropie de 2 moles de gaz parfait qui se détend de 30 a 50 litres de maniere
isotherme et irréversible, et (b) I'entropie créée durant le processus.

2. Méme question que celle de 1, mais la détente n’est plus isotherme, la température passant de 300K a
290K. On donne Cv = 5 cal.mol'.K"1

Ex N 05.

Une mole de gaz parfait a une température initiale de 298K se détend d’une pression de 5
atmosphéres a une pression de 1 atmosphére. Dans chacun des cas suivants :

1. détente adiabatique et réversible. 2. détente adiabatique et irréversible

Calculer :a) la température finale du gaz, b) la variation de I'énergie interne du gaz, c) le travail effectué
par le gaz, d) la quantité de chaleur mise en jeu, e) la variation d’enthalpie du gaz

Ondonne : Cy=3R/2,etCp =5 R/2.

mpe /
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Ex N 01.
Etatl{ detent.as'oherme Etat 2
conpressionsobkerme
Vi=2litres V,=10litres
T, = 298K T, =T, =298K
Pl = 5 atm P2 =7

La transformation est isotherme (T = Ct e),
DO”CP]_V]_ = P2V2 =nRT :>P2 = P1V1/V2 = 5 x 2/1O= 1atm

a. Travail mis en jeu (détente réversible isotherme)
Transformation réversible (transformation tres lente) = Pe,; = P4, @ chaque instant

2 2 2nRT v, v,
Pexth = —Jl Pgade = — TdV = —nRTI 7[(71> = P1V1l 71(71)

Wyey(1 - 2) = —f )

1
10
= —(5%1,01310°)(2 x 1073)! n(7> =-1630,4]
b. Travail mis en jeu (détente irréversible isotherme)
Transformation irréversible (transformation trés rapide) = P,x; = Pf; na = P, donc, on peut supposer qu'l
y a transformation isochore suivie par une transformation isobare.

2 2 2
Wi reo(1 > 2) = — f PyredV = — f PrinadV = —Prinat f 4V = —Py(Vy — V)
1 1 1

=—(1x1,01310°)((10—2) x 1073) = —810,4 ]
On peut noter que que nous pouvons récupérer moins de travail en détente irréversible par rapport a
réversible. W; ¢, (1 = 2) < W, (1 = 2)

c. Travail mis en jeu (compression réversible isotherme)
Transformation réversible (transformation tres lente) = Pe,; = P4, @ chaque instant

! ! InRT Vi
Wrév(z - 1) = _f Pexth = _f Pgade = _f TdV = —nRTI n(V—)
2 2 2

2
V, ; ey (2
=PVl n(V—Z) = —(5x1,013105)(2 x 1073)! n(E) =1630,4]

d. Travail mis en jeu (compression irréversible isotherme)
Transformation irréversible (transformation trés rapide) = P,x; = Pf; nar = P, donc, on peut supposer qu'l

y a transformation isochore suivie par une transformation isobare.
1 1 1
Wirko @ > 1) == | PoxedV = = [ BrinadV = ~Frina [ av = =P,y =72)
2 2 2

= —(5x1,01310%)((2—10) x 1073) = 40523
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Ex N 02.
L'énergie cinétique est la seule forme d'énergie mécanique que le vent posséde, et elle peut ——=>
étre convertie totalement. Par conséquent, le potentiel de puissance du vent est son énergie ~ Vent Eolienne
cinétique, qu'est égal & V2 /2 per unité de masse. 12 /s /
Avec le 1¢ principe de thermodynamique (systéme ouvert) : ‘ 0m

a. L’énergie mécanique per unité de masse O

Q + W = AH + AEgp; i+ AEpop + AEg; 5 + .
2 2 2 2 —
w = Aeciré — <Vsortie_ Ventré) — Ventre’ — (12m/5) 1 k]/kzg
2 2 2 2 1000 m /52
=0,07 2kJ/kg
b. Le potentiel de production d'énergie de I'éolienne
) wD? kg my mw(50m)?
tgir=p XV XA=pXVX—= (1,25ﬁ) x (12?) X ———— =129 4375 kg/s
, . kg k]
Winax = Mair X W = (29437,5?> X <0’07ZE> =2119,5 kW
c. Laproduction d'électricité réelle
Wi e= Néot i enneX Winax = (0,30)(21195 kW) = 635,85 kW

(Exemple d'un ventilateur).
Ex N 03. Réservoir de stockage

a. L'efficacité globale de I'unité pompe-moteur o

Q+ W = AH 4 AEcp;m~+ AEpor + AE¢i 5 + -, @%
1K
m kg
w = Aepor = (922 — 921) = 92, = (9;81—2) @om)| ——— =
* 1000™/ 0m

=0,19 62k]/kgkg) X < 3 @GL - /___

. i m
meau=p><l/;au= (1000ﬁ 0,07T> =7 (Y(g/s

. . kg kJ
Wiga = Megy XW = (70 ?) X (0;1962E> =13,7 34kW
Wi ga 13,734 kW .
Npompe-mot eur = Wele = 204 kW =0,67 32=67,32%
b. La différence de pression entre I'entrée et la sortie de la pompe.
i . . PZ - Pl . W dal
Wi gai = Meau(€sortie— €entrs) = Mequ———— = VequAP = AP = L
eau
13,734kjJ/s (1 kPa.m?3
= e W =19 62 kPa
0,070 T J
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Ex N 04
Rappel !
ASsyst eme — ASéchangée + AScréée
Quel que soit la transformation : dS,,s = SQ/T
Pour une transformation réversible AS;,s¢e = 0 = ASgysteme = ASechangée
2. Pour une transformation irréversible AS;,¢¢e > 0 = ASgy st eme > ASechangée

Lors de la détente isotherme irréversible
a. Variation d’entropie du gaz parfait

dSeys = 90/ etdu = 5Q + oW

Transformation isotherme = dU = nC,dT = 0 = §Q = —6W = PdV = dS,ys = PdV/ =
nRTdV / — nRdV /
TV %

. zZav v, 50
EntropidusysteneASsyseme(152) = nRJ — =nRI n(—) =2X2ln—
.V Vi 30
=2,04 Cal. K1
o , Q; w; AV AV 20
Entropi échangée: AS¢changeé (1-2) = lTrr= }rr: Py nal 7 = nR7 =2X 2%
=1,6Cal. K1

b. Entropie créée
AScréce = ASsysteme — DSechangee = 2,04 — 1,6 = 0,44 Cal. K1

2. Lors de la détente non isotherme

59, _dU—8W _ (C,dT RTdV T2 T, v,
dSsys = /Tszn(T T)=>AS=JT1dS=n<CvlnFl+Rln71)
= 2(s! 220 2 50)—170c LK
B "00" “ M0/ T T
ExN5

1. Détente adiabatique réversible:
a. Température finale du gaz
RT av
dW + dQ = dU = nC,dT,dQ = 0 (adi ah) = —PdV = C,dT = —7dv =—(C, - C,,)T7
aT C,—C,)dv dT c, C,NdV dT av
@ _(P_v)_:,_= _(_p__v)_:>_= a-n<
T c, V T c, C,J)V T v
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PV
TVY 1 =Cte> (?) VY1 =Cte=> PVY = (Cte

TVY™1 =CtgPVY = Cte P, 'T\Y = P,' ' T,
C, 5

14
=P2-"=166
Y=0, 73
1-y
PYYTY =PV, 2T, =T, (171) = 298(1) =156,5K
2
La variation de I’énergie interne
3x831 .
AU = nCy(T, = Ty) = ——— (1566 — 298) = —17 64.mol"

La quantité de chaleur pour la détente adiabatique réversible Q = 0
Le travail mis en heu pendant le processus de la détente adiabatique réversible
AW + AQ = AU = nC,AT,AQ =0 = AW + AQ = AU = —17 64].mol™!
La variation de I'enthalpie
5x8,31
AH =nCy(T, — Ty) = T(156,6 —298) = —29 4¢.mol !

Détente adiabatique irréversible:

Température finale du gaz

dQ = O (trafadi ab = dU = 6W = _PdV = CvdT = _PZ(VZ - Vl) = C‘V(TZ - Tl)
T, T

= C,(T, —T,) = —P,R (—2 - —1) =T, =203K

P, P

La variation de I’énergie interne

3% 831 )
AU = nCy(T; = Ty) = ——"— (203~ 298) = ~1184 J.mol~

La quantité de chaleur pour la détente adiabatique réversible Q = 0
Le travail mis en heu pendant le processus de la détente adiabatique réversible

AW + AQ = AU = nC,AT,AQ =0 = AW + AQ = AU = —1184 J.mol™!
La variation de I'enthalpie
5x%x8,31
AH = nCp(Tz - Tl) =

> (1566 —298) = =19 7 Amol !
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TABLE A4

Saturated water—Temperature table

Specific volume, Internal energy, Enthalpy, Entropy,
m3/kg kJ/kg kJ/kg kl/kg - K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.

Temp., press., liquid, vapor, liquid, Evap., vapor, liquid, Evap., vapor, liquid, Evap., vapor,
T°C P.: kPa v Vg Uy Uy Ug hy hy, hy S¢ St Sg

0.01 0.6117 0.001000 206.00 0.000 23749 23749 0.001 2500.9 2500.9 0.0000 9.1556 9.1556
5 0.8725 0.001000 147.03 21.019 2360.8 2381.8 21.020 2489.1 2510.1 0.0763 8.9487 9.0249
10 1.2281 0.001000 106.32 42.020 2346.6 2388.7 42.022 24772 2519.2 0.15611 8.7488 8.8999
15 1.7057 0.001001 77.885 62.980 23325 23955 62.982 24654 2528.3 0.2245 8.5559 8.7803
20 2.3392 0.001002 57.762 83.913 2318.4 2402.3 83.915 24535 2b37.4 0.2965 8.3696 8.6661
25 3.1698 0.001003 43.340 104.83 2304.3 2409.1 104.83 24417 2546.5 0.3672 8.1895 8.5567
30 4.2469 0.001004 32.879 125.73 2290.2 24159 125.74 2429.8 255656 0.4368 8.0152 8.4520
35 5.6291 0.001006 25.205 146.63 2276.0 2422.7 146.64 24179 2564.6 0.5051 7.8466 8.3517
40 7.3851 0.001008 19.515 167.53 22619 24294 167.53 2406.0 25735 0.5724 7.6832 8.2556
45 9.5953 0.001010 15.251 188.43 2247.7 2436.1 188.44 2394.0 2582.4 0.6380 7.5247 8.1633
50 12.362 0.001012 12.026 209.33 2233.4 24427 209.34 2382.0 2591.3 0.7038 7.3710 8.0748
55 15.763 0.001015 9.5639 230.24 2219.1 24493 230.26 2369.8 2600.1 0.7680 7.2218 7.9898
60 19.947 0.001017 7.6670 251.16 2204.7 24559 251.18 2357.7 2608.8 0.8313 7.0769 7.9082
65 25.043 0.001020 6.1935 272.09 2190.3 2462.4 272.12 23454 2617.5 0.8937 6.9360 7.8296
70 31.202 0.001023 5.0396 293.04 2175.8 2468.9 293.07 2333.0 2626.1 0.9551 6.7989 7.7540
75 38.597 0.001026 4.1291 313.99 2161.3 24753 314.03 2320.6 2634.6 1.0158 6.66b5 7.6812
80 47.416 0.001029 3.4053 334.97 2146.6 2481.6 335.02 2308.0 2643.0 1.0756 6.5355 7.6111
85 57.868 0.001032 2.8261 355.96 2131.9 2487.8 356.02 22953 2651.4 1.1346 6.4089 7.5435
90 70.183 0.001036 2.3593 376.97 2117.0 24940 377.04 2282.5 2659.6 1.1929 6.2853 7.4782
95 84.609 0.001040 1.9808 398.00 2102.0 2500.1 398.09 22696 2667.6 1.2504 6.1647 7.4151

100 101.42 0.001043 1.6720 419.06 2087.0 2506.0 419.17 2256.4 2675.6 1.3072 6.0470 7.3542
105 120.90 0.001047 1.4186 440.15 2071.8 2511.9 440.28 2243.1 2683.4 1.3634 5.9319 7.2952
110 143.38 0.001052 1.2094 461.27 2056.4 2517.7 46142 2229.7 2691.1 1.4188 5.8193 7.2382
115 169.18 0.001056 1.0360 482.42 2040.9 2523.3 48259 2216.0 2698.6 1.4737 5.7092 7.1829
120 198.67 0.001060 0.89133 503.60 2025.3 2528.9 503.81 2202.1 2706.0 1.5279 5.6013 7.1292

125 232.23 0.001065 0.77012 524.83 2009.5 2534.3 525.07 2188.1 2713.1 1.5816 5.4956 7.0771
130 270.28 0.001070 0.66808 546.10 1993.4 25395 546.38 2173.7 2720.1 1.6346 5.3919 7.0265
135 313.22 0.001075 0.568179 567.41 1977.3 254477 567.75 2159.1 27269 1.6872 5.2901 6.9773
140 361.53 0.001080 0.50850 588.77 1960.9 2549.6 589.16 21443 27335 1.7392 5.1901 6.9294
145 415.68 0.001085 0.44600 610.19 19442 25544 610.64 21292 2739.8 1.7908 5.0919 6.8827

150 476.16 0.001091 0.39248 631.66 1927.4 2559.1 632.18 2113.8 27459 1.8418 4.9953 6.8371
155 543.49 0.001096 0.34648 653.19 1910.3 2563.5 653.79 2098.0 2751.8 1.8924 4.9002 6.7927
160 618.23 0.001102 0.30680 674.79 1893.0 2567.8 67547 2082.0 2757.5 1.9426 4.8066 6.7492
165 700.93 0.001108 0.27244  696.46 18754 2571.9 697.24 20656 2762.8 1.9923 4.7143 6.7067
170 792.18 0.001114 0.24260 718.20 1857.5 2575.7 719.08 2048.8 2767.9 2.0417 4.6233 6.6650

175 892.60 0.001121 0.21659 740.02 1839.4 25794 741.02 2031.7 27727 2.0906 4.5335 6.6242

180 1002.8 0.001127 0.19384 761.92 1820.9 2582.8 763.05 20142 2777.2 2.1392 4.4448 6.5841
185 1123.5 0.001134 0.17390 783.91 1802.1 2586.0 785.19 1996.2 2781.4 2.1875 4.3572 6.5447
190 1255.2 0.001141 0.15636  806.00 1783.0 2589.0 807.43 19779 27853 2.2355 4.2705 6.5059
195 1398.8 0.001149 0.14089 828.18 1763.6 2591.7 829.78 1959.0 2788.8 2.2831 4.1847 6.4678

200 1554.9 0.001157 0.12721 850.46 1743.7 2594.2 852.26 1939.8 2792.0 2.3305 4.0997 6.4302



TABLE A4

Saturated water—Temperature table (Continued)

Specific volume, Internal energy, Enthalpy, Entropy,
m3/kg kJ/kg kJ/kg kl/kg - K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Temp., press., liquid, vapor, liquid, Evap., vapor, liquid, Evap., vapor, liquid, Evap., vapor,
T°C P kPa v, Vg Us Uy, Ug he hg hg St Stg Sg
205 1724.3 0.001164 0.11508 872.86 17235 2596.4 874.87 1920.0 2794.8 2.3776 4.0154 6.3930
210 1907.7 0.001173 0.10429 895.38 1702.9 2598.3 897.61 1899.7 2797.3 2.4245 3.9318 6.3563
215 21059 0.001181 0.094680 918.02 1681.9 2599.9 920.50 1878.8 2799.3 2.4712 3.8489 6.3200
220 2319.6 0.001190 0.086094 940.79 1660.5 2601.3 943.55 1857.4 2801.0 2.6176 3.7664 6.2840
225 2549.7 0.001199 0.078405 963.70 1638.6 2602.3 966.76 1835.4 2802.2 25639 3.6844 6.2483
230 2797.1 0.001209 0.071505 986.76 1616.1 2602.9 990.14 1812.8 28029 2.6100 3.6028 6.2128
235 3062.6 0.001219 0.065300 1010.0 1593.2 2603.2 1013.7 1789.5 2803.2 2.6560 3.b216 6.1775
240 3347.0 0.001229 0.059707 1033.4 1569.8 2603.1 1037.5 1765.5 2803.0 2.7018 3.4405 6.1424
245 3651.2 0.001240 0.054656 1056.9 1545.7 2602.7 1061.5 1740.8 2802.2 2.7476 3.3696 6.1072
250 3976.2 0.001252 0.050085 1080.7 1521.1 2601.8 1085.7 1715.3 2801.0 2.7933 3.2788 6.0721
255 43229 0.001263 0.045941 1104.7 1495.8 2600.5 1110.1 1689.0 2799.1 2.8390 3.1979 6.0369

260 4692.3 0.001276 0.042175 1128.8 1469.9 2598.7 1134.8 1661.8 2796.6 2.8847 3.1169 6.0017
265 5085.3 0.001289 0.038748 1153.3 1443.2 2596.5 1159.8 1633.7 2793.5 2.9304 3.0358 5.9662

270 5503.0 0.001303 0.035622 1177.9 1415.7 2593.7 1185.1 1604.6 2789.7 29762 2.9542 5.9305
275 5946.4 0.001317 0.032767 1202.9 1387.4 2590.3 1210.7 15745 27852 3.0221 2.8723 5.8944
280 6416.6 0.001333 0.030153 1228.2 1358.2 2586.4 1236.7 1543.2 27799 3.0681 2.7898 5.8579
285 6914.6 0.001349 0.027756 1253.7 1328.1 2581.8 1263.1 1510.7 2773.7 3.1144 2.7066 5.8210

290 7441.8 0.001366 0.025554 1279.7 1296.9 2576.5 1289.8 14769 2766.7 3.1608 2.6225 5.7834
295 7999.0 0.001384 0.023528 1306.0 1264.5 2570.5 1317.1 14416 2758.7 3.2076 2.5374 5.7450

300 8587.9 0.001404 0.021659 1332.7 1230.9 2563.6 1344.8 14048 2749.6 3.2548 2.4511 5.7059
305 9209.4 0.001425 0.019932 1360.0 11959 2555.8 1373.1 1366.3 27394 3.3024 2.3633 b5.6657
310 9865.0 0.001447 0.018333 1387.7 1159.3 2547.1 1402.0 13259 27279 3.3506 2.2737 5.6243

315 10,556 0.001472 0.016849 1416.1 1121.1 2537.2 1431.6 12834 27150 3.3994 2.1821 5.5816
320 11,284 0.001499 0.015470 1445.1 1080.9 2526.0 1462.0 12385 2700.6 3.4491 2.0881 5.5372
325 12,051 0.001528 0.014183 1475.0 1038.5 2513.4 14934 1191.0 2684.3 3.4998 1.9911 5.4908

330 12,858 0.001560 0.012979 1505.7 993.5 2499.2 1525.8 11403 2666.0 3.5516 1.8906 5.4422
335 13,707 0.001597 0.011848 15637.5 9455 2483.0 15594 1086.0 26454 3.6050 1.7857 5.3907
340 14,601 0.001638 0.010783 1570.7 893.8 24645 15946 10274 2622.0 3.6602 1.6756 5.3358
345 15,541 0.001685 0.009772 1605.5 837.7 24432 1631.7 9634 25951 3.7179 1.5585 5.2765
350 16,529 0.001741 0.008806 1642.4 7759 24183 1671.2 892.7 2563.9 3.7788 1.4326 5.2114

355 17,570 0.001808 0.007872 1682.2 706.4 23886 1714.0 8129 2526.9 3.8442 1.2942 5.1384
360 18,666 0.001895 0.006950 1726.2 625.7 2351.9 1761.5 720.1 248l1.6 3.9165 1.1373 5.0537
365 19,822 0.002015 0.006009 1777.2 526.4 2303.6 1817.2 6055 2422.7 4.0004 0.9489 4.9493
370 21,044 0.002217 0.004953 1844.5 385.6 2230.1 1891.2 443.1 23343 4.1119 0.6890 4.8009
373.95 22,064 0.003106 0.003106 2015.7 0 2015.7 2084.3 0 2084.3 4.4070 O 4.4070




TABLE A-5

Saturated water—Pressure table

Specific volume, Internal energy, Enthalpy, Entropy,
m3/kg kJ/kg kJ/kg kJ/kg - K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.

Press., temp., liquid, vapor, liquid, Evap.,  vapor, liquid, Evap., vapor, liquid, Evap., vapor,
PkPa T, °C v Vg Uy Ugg Ug hy hyg hg St St Sg

1.0 6.97 0.001000 129.19 29.302 2355.2 2384.5 29.303 2484.4 2513.7 0.1059 8.8690 8.9749
1.5 13.02 0.001001 87.964 54.686 2338.1 2392.8 54.688 2470.1 2524.7 0.1956 8.6314 8.8270
2.0 17.50 0.001001 66.990 73.431 23255 2398.9 73.433 2459.5 25329 0.2606 8.4621 8.7227
2.5 21.08 0.001002 54.242 88.422 2315.4 2403.8 88.424 2451.0 2539.4 0.3118 8.3302 8.6421
3.0 24.08 0.001003 45.654 100.98 2306.9 2407.9 100.98 2443.9 2544.8 0.3543 8.2222 8.5765
4.0 28.96 0.001004 34.791 121.39 2293.1 24145 121.39 2432.3 2553.7 0.4224 8.0510 8.4734
5.0 32.87 0.001005 28.185 137.75 22821 2419.8 137.75 2423.0 2560.7 0.4762 7.9176 8.3938
7.5 40.29 0.001008 19.233 168.74 2261.1 2429.8 168.75 2405.3 2574.0 0.5763 7.6738 8.2501
10 45.81 0.001010 14.670 191.79 22454 2437.2 191.81 2392.1 2583.9 0.6492 7.4996 8.1488
15 53.97 0.001014 10.020 22593 22221 2448.0 225.94 2372.3 2598.3 0.7549 7.2522 8.0071
20 60.06 0.001017 7.6481 251.40 2204.6 2456.0 251.42 23575 2608.9 0.8320 7.0752 7.9073
25 64.96 0.001020 6.2034 271.93 2190.4 24624 27196 23455 2617.5 0.8932 6.9370 7.8302
30 69.09 0.001022 5.2287 289.24 2178.5 2467.7 289.27 23353 2624.6 0.9441 6.8234 7.7675
40 75.86 0.001026  3.9933 317.58 2158.8 2476.3 317.62 23184 2636.1 1.0261 6.6430 7.6691
50 81.32 0.001030 3.2403 340.49 2142.7 2483.2 340.54 2304.7 2645.2 1.0912 6.5019 7.5931
75 91.76 0.001037 2.2172 384.36 2111.8 2496.1 384.44 2278.0 2662.4 1.2132 6.2426 7.4558
100 99.61 0.001043 1.6941 417.40 2088.2 2505.6 417.51 22575 2675.0 1.3028 6.0562 7.3589
101.325 99.97 0.001043 1.6734 41895 2087.0 2506.0 419.06 2256.5 2675.6 1.3069 6.0476 7.3545
125 105.97 0.001048 1.3750 444.23 2068.8 2513.0 444.36 2240.6 2684.9 1.3741 5.9100 7.2841
150 111.35 0.001053 1.1594 466.97 2052.3 2519.2 467.13 2226.0 2693.1 1.4337 5.7894 7.2231
175 116.04 0.001057 1.0037 486.82 2037.7 2524.5 487.01 2213.1 2700.2 1.4850 5.6865 7.1716
200 120.21 0.001061 0.88578 504.50 2024.6 2529.1 504.71 2201.6 2706.3 1.5302 5.5968 7.1270
225 123.97 0.001064 0.79329 520.47 2012.7 2533.2 520.71 2191.0 2711.7 1.5706 5.5171 7.0877
250 127.41 0.001067 0.71873 535.08 2001.8 2536.8 535.35 2181.2 2716.5 1.6072 5.4453 7.0525
275 130.58 0.001070 0.65732 548.57 1991.6 2540.1 548.86 2172.0 2720.9 1.6408 5.3800 7.0207
300 133.52 0.001073 0.60582 561.11 1982.1 2543.2 561.43 2163.5 27249 1.6717 5.3200 6.9917
325 136.27 0.001076 0.56199 572.84 1973.1 25459 573.19 2155.4 2728.6 1.7005 5.2645 6.9650
350 138.86 0.001079 0.52422 583.89 1964.6 25485 584.26 2147.7 2732.0 1.7274 5.2128 6.9402
3756 141.30 0.001081 0.49133 594.32 1956.6 2550.9 594.73 2140.4 2735.1 1.7626 5.1645 6.9171
400 143.61 0.001084 0.46242 604.22 1948.9 2553.1 604.66 2133.4 2738.1 1.7765 5.1191 6.8955
450 147.90 0.001088 0.41392 622.65 1934.5 2557.1 623.14 2120.3 2743.4 1.8205 5.0356 6.8561
500 151.83 0.001093 0.37483 639.54 1921.2 2560.7 640.09 2108.0 2748.1 1.8604 4.9603 6.8207
550 155.46 0.001097 0.34261 655.16 1908.8 2563.9 655.77 2096.6 2752.4 1.8970 4.8916 6.7886
600 158.83 0.001101 0.31560 669.72 1897.1 2566.8 670.38 2085.8 2756.2 1.9308 4.8285 6.7593
650 161.98 0.001104 0.29260 683.37 1886.1 2569.4 684.08 2075.5 2759.6 1.9623 4.7699 6.7322
700 164.95 0.001108 0.27278 696.23 1875.6 2571.8 697.00 2065.8 2762.8 1.9918 4.7153 6.7071
750 167.75 0.001111  0.25552 708.40 1865.6 2574.0 709.24 2056.4 2765.7 2.0195 4.6642 6.6837



TABLE A-5

Saturated water—Pressure table (Continued)

Specific volume, Internal energy, Enthalpy, Entropy,
m3/kg kJ/kg kJ/kg kl/kg - K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Press., temp., liquid, vapor, liquid, Evap., vapor, liquid, Evap., vapor, liquid, Evap., vapor,
P kPa Tt °C v Vg Uy Ugg Uy h; hyg h, S¢ St Sg

800 170.41 0.001115 0.24035 719.97 1856.1 2576.0 720.87 2047.5 27683 2.0457 4.6160 6.6616
850 172.94 0.001118 0.22690 731.00 1846.9 25779 731.95 20388 2770.8 2.0705 4.5705 6.6409
900 175.35 0.001121 0.21489 741.55 1838.1 2579.6 742,56 2030.5 2773.0 2.0941 4.5273 6.6213
950 177.66 0.001124 0.20411 751.67 1829.6 2581.3 752.74 20224 27752 2.1166 4.4862 6.6027
1000 179.88 0.001127 0.19436 761.39 1821.4 2582.8 76251 2014.6 2777.1 2.1381 4.4470 6.5850

1100 184.06 0.001133 0.17745 779.78 1805.7 2585.5 781.03 1999.6 2780.7 2.1785 4.3735 6.5520
1200 187.96 0.001138 0.16326 796.96 1790.9 2587.8 798.33 19856.4 2783.8 2.2159 4.3058 6.5217
1300 191.60 0.001144 0.15119 813.10 1776.8 2589.9 814.59 1971.9 2786.5 2.2508 4.2428 6.4936
1400 195.04 0.001149 0.14078 828.35 1763.4 2591.8 829.96 1958.9 2788.9 2.2835 4.1840 6.4675
1500 198.29 0.001154 0.13171 842.82 1750.6 2593.4 84455 1946.4 2791.0 2.3143 4.1287 6.4430

1750 205.72 0.001166 0.11344 876.12 1720.6 2596.7 878.16 1917.1 2795.2 2.3844 4.0033 6.3877
2000 212.38 0.001177 0.099587 906.12 1693.0 2599.1 908.47 1889.8 2798.3 2.4467 3.8923 6.3390
2250 218.41 0.001187 0.088717 933.54 1667.3 2600.9 936.21 1864.3 2800.5 2.5029 3.7926 6.2954
2500 223.95 0.001197 0.079952 958.87 1643.2 2602.1 961.87 1840.1 2801.9 2.5542 3.7016 6.2558
3000 233.85 0.001217 0.066667 1004.6 1598.5 2603.2 1008.3 17949 2803.2 2.6454 3.5402 6.1856

3500 242.56 0.001235 0.057061 1045.4 1557.6 2603.0 1049.7 1753.0 2802.7 2.7253 3.3991 6.1244
4000 250.35 0.001252 0.049779 1082.4 1519.3 2601.7 1087.4 1713.5 2800.8 2.7966 3.2731 6.0696
5000 263.94 0.001286 0.039448 1148.1 1448.9 2597.0 1154.5 1639.7 2794.2 2.9207 3.0530 b5.9737
6000 275.59 0.001319 0.032449 1205.8 1384.1 2589.9 1213.8 1570.9 2784.6 3.0275 2.8627 5.8902
7000 285.83 0.001352 0.027378 1258.0 1323.0 2581.0 1267.5 1505.2 2772.6 3.1220 2.6927 5.8148

8000 295.01 0.001384 0.023525 1306.0 1264.5 2570.5 1317.1 1441.6 2758.7 3.2077 2.5373 5.7450
9000 303.35 0.001418 0.020489 1350.9 1207.6 2558.5 1363.7 1379.3 27429 3.2866 2.3925 5.6791
10,000 311.00 0.001452 0.018028 1393.3 1151.8 2545.2 1407.8 1317.6 2725.5 3.3603 2.2556 b.6159
11,000 318.08 0.001488 0.015988 1433.9 1096.6 2530.4 1450.2 1256.1 2706.3 3.4299 2.1245 b5.5544
12,000 324.68 0.001526 0.014264 1473.0 1041.3 2514.3 1491.3 1194.1 2685.4 3.4964 1.9975 b.4939

13,000 330.85 0.001566 0.012781 1511.0 9855 2496.6 1531.4 1131.3 2662.7 3.5606 1.8730 5.4336
14,000 336.67 0.001610 0.011487 1548.4  928.7 2477.1 1571.0 1067.0 2637.9 3.6232 1.7497 5.3728
15,000 342.16 0.001657 0.010341 15855 870.3 2455.7 1610.3 1000.5 2610.8 3.6848 1.6261 5.3108
16,000 347.36 0.001710 0.009312 1622.6 809.4 2432.0 1649.9 931.1 2581.0 3.7461 1.5005 5.2466
17,000 352.29 0.001770 0.008374 1660.2 745.1 2405.4 1690.3 857.4 2547.7 3.8082 1.3709 5.1791

18,000 356.99 0.001840 0.007504 1699.1 675.9 2375.0 1732.2 777.8 2510.0 3.8720 1.2343 5.1064
19,000 361.47 0.001926 0.006677 1740.3 598.9 2339.2 1776.8 689.2 2466.0 3.9396 1.0860 5.0256
20,000 365.75 0.002038 0.005862 1785.8 509.0 2294.8 1826.6 585.5 2412.1 4.0146 0.9164 4.9310
21,000 369.83 0.002207 0.004994 1841.6 391.9 2233.5 1888.0 450.4 2338.4 4.1071 0.7005 4.8076
22,000 373.71 0.002703 0.003644 1951.7 140.8 2092.4 2011.1 161.5 21726 4.2942 0.2496 4.5439
22,064 373.95 0.003106 0.003106 2015.7 0 2015.7 2084.3 0 2084.3 4.4070 O 4.4070




TABLE A-6
Superheated water
T v u h s v u h s v u h S
°C m3/kg kl/kg  kJkg  klkg- K| m3kg ki/kg  klkg klJkg-K| m3kg klkg klkg klkg-K
P = 0.01 MPa (45.81°C)* P = 0.05 MPa (81.32°C) P = 0.10 MPa (99.61°C)
Sat.t 14.670 2437.2 2583.9 8.1488 3.2403 2483.2 2645.2 7.5931 1.6941 2505.6 2675.0 7.3589
50 14.867 2443.3 2592.0 8.1741

100 17.196 2515.5 2687.5 8.4489 3.4187 2511.5 2682.4 7.6953 1.6959 2506.2 2675.8 7.3611

150 19.513 2587.9 2783.0 8.6893 3.8897 2585.7 2780.2 7.9413 1.9367 2582.9 2776.6 7.6148

200 21.826 2661.4 2879.6 8.9049 4.3562 2660.0 2877.8 8.1592 | 2.1724 26582 28755 7.8356

250 24.136 2736.1 2977.5 9.1015 4.8206 2735.1 2976.2 8.3568 | 2.4062 2733.9 29745 8.0346

300 26.446 2812.3 3076.7 9.2827 5.2841 2811.6 3075.8 8.5387 2.6389 2810.7 30745 8.2172

400 31.063 2969.3 3280.0 9.6094 6.2094 2968.9 3279.3 8.8659 3.1027 2968.3 3278.6 8.5452

500 35.680 3132.9 3489.7 9.8998 7.1338 3132.6 3489.3 9.1566 3.5655 3132.2 3488.7 8.8362

600 40.296 3303.3 3706.3 10.1631 8.0577 3303.1 3706.0 9.4201 | 4.0279 3302.8 3705.6 9.0999

700 44911 3480.8 3929.9 10.4056 8.9813 3480.6 3929.7 9.6626 | 4.4900 3480.4 3929.4 9.3424

800 49.527 3665.4 4160.6 10.6312 9.9047 3665.2 4160.4 9.8883 | 49519 3665.0 4160.2 9.5682

900 54.143 3856.9 4398.3 10.8429( 10.8280 3856.8 4398.2 10.1000 5.4137 3856.7 4398.0 9.7800

1000 58.758 4055.3 4642.8 11.0429( 11.7513 4055.2 4642.7 10.3000 5.8755 4055.0 4642.6 9.9800

1100 63.373 4260.0 4893.8 11.2326| 12.6745 4259.9 4893.7 10.4897 6.3372 4259.8 4893.6 10.1698

1200 67.989 4470.9 5150.8 11.4132| 13.5977 4470.8 5150.7 10.6704 | 6.7988 4470.7 5150.6 10.3504

1300 72.604 4687.4 5413.4 11.5857| 14.5209 4687.3 5413.3 10.8429 | 7.2605 4687.2 5413.3 10.5229
P =0.20 MPa (120.21°C) P = 0.30 MPa (133.52°C) P = 0.40 MPa (143.61°C)

Sat. 0.88578 2529.1 2706.3 7.1270 0.60582 2543.2 27249 6.9917 0.46242 2553.1 2738.1 6.8955
150 0.95986 2577.1 2769.1 7.2810 0.63402 2571.0 2761.2 7.0792 0.47088 2564.4 2752.8 6.9306
200 1.08049 2654.6 2870.7 7.5081 0.71643 2651.0 2865.9 7.3132 | 0.53434 2647.2 2860.9 7.1723
250 1.19890 =2731.4 2971.2 7.7100 0.79645 2728.9 2967.9 7.5180 0.59520 2726.4 2964.5 7.3804
300 1.31623 2808.8 3072.1 7.8941 0.87535 2807.0 3069.6 7.7037 0.65489 2805.1 3067.1 7.5677
400 1.54934 2967.2 3277.0 8.2236 1.03155 2966.0 3275.5 8.0347 0.77265 2964.9 3273.9 7.9003
500 1.78142 3131.4 3487.7 8.5153 1.18672 3130.6 3486.6 8.3271 0.88936 3129.8 3485.5 8.1933
600 2.01302 3302.2 3704.8 8.7793 1.34139 3301.6 3704.0 8.5915 1.00558 3301.0 3703.3 8.4580
700 2.24434 34799 3928.8 9.0221 1.49580 3479.5 3928.2 8.8345 1.12152 3479.0 3927.6 8.7012
800 2.47550 3664.7 4159.8 9.2479 1.65004 3664.3 4159.3 9.0605 1.23730 3663.9 4158.9 8.9274
900 2.70656 3856.3 4397.7 9.4598 1.80417 3856.0 4397.3 9.2725 1.356298 3855.7 4396.9 9.1394

1000 2.93755 4054.8 4642.3 9.6599 1.95824 4054.5 4642.0 9.4726 1.46859 4054.3 4641.7 9.3396

1100 3.16848 4259.6 4893.3 9.8497 2.11226 4259.4 4893.1 9.6624 1.58414 4259.2 4892.9 9.5295

1200 3.39938 4470.5 5150.4 10.0304 2.26624 4470.3 5150.2 9.8431 1.69966 4470.2 5150.0 9.7102

1300 3.63026 4687.1 5413.1 10.2029 2.42019 4686.9 5413.0 10.0157 1.81516 4686.7 5412.8 9.8828

P = 0.50 MPa (151.83°C) P = 0.60 MPa (158.83°C) P = 0.80 MPa (170.41°C)

Sat. 0.37483 2560.7 2748.1 6.8207 0.31560 2566.8 2756.2 6.7593 | 0.24035 2576.0 2768.3 6.6616
200 0.42503 2643.3 2855.8 7.0610 0.35212 2639.4 2850.6 6.9683 | 0.26088 2631.1 2839.8 6.8177
250 0.47443 2723.8 2961.0 7.2725 0.39390 2721.2 2957.6 7.1833 | 0.29321 2715.9 2950.4 7.0402
300 0.52261 2803.3 3064.6 7.4614 0.43442 2801.4 3062.0 7.3740 0.32416 2797.5 3056.9 7.2345
350 0.57015 2883.0 3168.1 7.6346 0.47428 2881.6 3166.1 7.5481 0.35442 2878.6 3162.2 7.4107
400 0.61731 2963.7 32724 7.7956 0.51374 2962.5 3270.8 7.7097 0.38429 2960.2 3267.7 7.5735
500 0.71095 3129.0 34845 8.0893 0.59200 3128.2 3483.4 8.0041 0.44332 3126.6 3481.3 7.8692
600 0.80409 3300.4 3702.5 8.3544 0.66976 3299.8 3701.7 8.2695 | 0.50186 3298.7 3700.1 8.1354
700 0.89696 3478.6 3927.0 8.5978 0.74725 3478.1 3926.4 8.5132 | 0.56011 3477.2 3925.3 8.3794
800 0.98966 3663.6 4158.4 8.8240 0.82457 3663.2 4157.9 8.7395 0.61820 3662.5 4157.0 8.6061
900 1.08227 3855.4 4396.6 9.0362 0.90179 3855.1 4396.2 8.9518 0.67619 3854.5 43955 8.8185

1000 1.17480 4054.0 4641.4 9.2364 0.97893 4053.8 4641.1 9.1521 0.73411 4053.3 4640.5 9.0189

1100 1.26728 4259.0 4892.6 9.4263 1.05603 4258.8 4892.4 9.3420 | 0.79197 4258.3 4891.9 9.2090

1200 1.35972 4470.0 5149.8 9.6071 1.13309 4469.8 5149.6 9.5229 | 0.84980 4469.4 5149.3 9.3898

1300 1.45214 4686.6 b412.6 9.7797 1.21012 4686.4 5412.5 9.6955 | 0.90761 4686.1 5412.2 9.5625




TABLE A-6

Superheated water (Continued)

T v u h s v u h s v u h S
°C m3/kg kllkg klkg klkg-K|m3kg klkg klkg klkg: K |m3/kg kllkg  kJ/kg klkg- K
P = 1.00 MPa (179.88°C) P = 1.20 MPa (187.96°C) P = 1.40 MPa (195.04°C)

Sat. 0.19437 2582.8 2777.1 6.5850 |0.16326 2587.8 2783.8 6.5217 0.14078 2591.8 2788.9 6.4675
200 0.20602 2622.3 2828.3 6.6956 |0.16934 2612.9 2816.1 6.5909 0.14303 2602.7 2803.0 6.4975
250 0.23275 2710.4 2943.1 6.9265 |0.19241 2704.7 2935.6 6.8313 0.16356 2698.9 29279 6.7488
300 0.25799 2793.7 3051.6 7.1246 |0.21386 2789.7 3046.3 7.0335 0.18233 2785.7 30409 6.9553
350 0.28250 2875.7 3158.2 7.3029 |0.23455 2872.7 3154.2 7.2139 0.20029 2869.7 3150.1 7.1379
400 0.30661 2957.9 3264.5 7.4670 |0.25482 2955.5 3261.3 7.3793 0.21782 2953.1 3258.1 7.3046
500 0.35411 3125.0 3479.1 7.7642 |0.29464 3123.4 3477.0 7.6779 0.25216 3121.8 3474.8 7.6047
600 0.40111 3297.5 3698.6 8.0311 |0.33395 3296.3 3697.0 7.9456 0.28597 3295.1 36955 7.8730
700 0.44783 3476.3 3924.1 8.2755 |0.37297 3475.3 39229 8.1904 0.31951 34744 3921.7 8.1183
800 0.49438 3661.7 4156.1 8.5024 |0.41184 3661.0 4155.2 8.4176 0.35288 3660.3 4154.3 8.3458
900 0.54083 3853.9 4394.8 8.7150 |0.45059 3853.3 4394.0 8.6303 0.38614 3852.7 4393.3 8.5587
1000 0.58721 4052.7 4640.0 8.9155 |0.48928 4052.2 4639.4 8.8310 0.41933 4051.7 4638.8 8.7595
1100 0.63354 4257.9 4891.4 9.1057 |0.52792 4257.5 4891.0 9.0212 0.45247 4257.0 4890.5 8.9497
1200 0.67983 4469.0 5148.9 9.2866 |0.56652 4468.7 5148.5 9.2022 0.48558 4468.3 5148.1 9.1308
1300 0.72610 4685.8 5411.9 9.4593 |0.60509 4685.5 5411.6 9.3750 0.51866 4685.1 5411.3 9.3036

P = 1.60 MPa (201.37°C) P = 1.80 MPa (207.11°C) P = 2.00 MPa (212.38°C)

Sat. 0.12374 2594.8 2792.8 6.4200 |0.11037 2597.3 27959 6.3775| 0.09959 2599.1 2798.3 6.3390
225 0.13293 2645.1 2857.8 6.5537 |0.11678 2637.0 2847.2 6.4825| 0.10381 26285 2836.1 6.4160
250 0.14190 2692.9 2919.9 6.6753 |0.12502 2686.7 2911.7 6.6088| 0.11150 2680.3 2903.3 6.5475
300 0.15866 2781.6 30354 6.8864 |0.14025 2777.4 30299 6.8246| 0.12551 2773.2 3024.2 6.7684
350 0.17459 2866.6 3146.0 7.0713 |0.15460 2863.6 3141.9 7.0120| 0.13860 2860.5 3137.7 6.9583
400 0.19007 2950.8 3254.9 7.2394 |0.16849 2948.3 3251.6 7.1814| 0.15122 29459 3248.4 7.1292
500 0.22029 3120.1 3472.6 7.5410 |0.19551 31185 3470.4 7.4845| 0.17568 3116.9 3468.3 7.4337
600 0.24999 3293.9 3693.9 7.8101 |0.22200 3292.7 3692.3 7.7543| 0.19962 3291.5 3690.7 7.7043
700 0.27941 3473.5 3920.5 8.0558 |0.24822 3472.6 3919.4 8.0005| 0.22326 3471.7 3918.2 7.9509
800 0.30865 3659.5 4153.4 8.2834 |0.27426 3658.8 41524 8.2284| 0.24674 3658.0 4151.5 8.1791
900 0.33780 3852.1 4392.6 8.4965 |0.30020 3851.5 43919 8.4417| 0.27012 3850.9 4391.1 8.3925
1000 0.36687 4051.2 4638.2 8.6974 |0.32606 4050.7 4637.6 8.6427| 0.29342 4050.2 4637.1 8.5936
1100 0.39589 4256.6 4890.0 8.8878 |0.35188 4256.2 4889.6 8.8331| 0.31667 4255.7 4889.1 8.7842
1200 0.42488 4467.9 5147.7 9.0689 |0.37766 4467.6 5147.3 9.0143| 0.33989 4467.2 5147.0 8.9654
1300 0.45383 4684.8 5410.9 9.2418 |0.40341 46845 5410.6 9.1872| 0.36308 4684.2 5410.3 9.1384

P = 2.50 MPa (223.95°C) P = 3.00 MPa (233.85°C) P = 3.50 MPa (242.56°C)

Sat. 0.07995 2602.1 2801.9 6.2558 |0.06667 2603.2 2803.2 6.1856| 0.05706 2603.0 2802.7 6.1244
225 0.08026 2604.8 2805.5 6.2629
250 0.08705 2663.3 2880.9 6.4107 |0.07063 2644.7 2856.5 6.2893| 0.05876 2624.0 2829.7 6.1764
300 0.09894 2762.2 3009.6 6.6459 |0.08118 2750.8 2994.3 6.5412| 0.06845 2738.8 2978.4 6.4484
350 0.10979 28525 3127.0 6.8424 |0.09056 2844.4 3116.1 6.7450| 0.07680 2836.0 3104.9 6.6601
400 0.12012 2939.8 3240.1 7.0170 |0.09938 2933.6 3231.7 6.9235| 0.08456 2927.2 3223.2 6.8428
450 0.13015 3026.2 3351.6 7.1768 |0.10789 3021.2 33449 7.0856| 0.09198 3016.1 3338.1 7.0074
500 0.13999 3112.8 3462.8 7.3254 |0.11620 3108.6 3457.2 7.2359| 0.09919 3104.5 3451.7 7.1593
600 0.15931 3288.5 3686.8 7.5979 |0.13245 32855 3682.8 7.5103| 0.11325 3282.5 3678.9 7.4357
700 0.17835 3469.3 3915.2 7.8455 |0.14841 3467.0 3912.2 7.7590| 0.12702 3464.7 3909.3 7.6855
800 0.19722 3656.2 4149.2 8.0744 |0.16420 3654.3 4146.9 7.9885| 0.14061 36525 41446 7.9156
900 0.21597 3849.4 4389.3 8.2882 |0.17988 38479 4387.5 8.2028| 0.15410 3846.4 4385.7 8.1304
1000 0.23466 4049.0 4635.6 8.4897 |0.19549 4047.7 4634.2 8.4045| 0.16751 4046.4 4632.7 8.3324
1100 0.25330 4254.7 48879 8.6804 |0.21105 4253.6 4886.7 8.5955| 0.18087 42525 4885.6 8.5236
1200 0.27190 4466.3 5146.0 8.8618 |0.22658 4465.3 5145.1 8.7771| 0.19420 44644 5144.1 8.7053
1300 0.29048 4683.4 5409.5 09.0349 |0.24207 4682.6 5408.8 8.9502| 0.20750 4681.8 5408.0 8.8786




TABLE A-6

Superheated water (Continued)

T v u h S v u h S v u h S
°C m3kg  klJkg klkg  kl/kg- K| m3/kg kJ/kg kJ/kg kJ/kg - K| m3/kg kl/kg  klkg klkg- K

P = 4.0 MPa (250.35°C) P = 4.5 MPa (257.44°C) P = 5.0 MPa (263.94°C)

Sat. 0.04978 2601.7 2800.8 6.0696 | 0.04406 2599.7 2798.0 6.0198 |0.03945 2597.0 2794.2 5.9737
275 0.05461 2668.9 2887.3 6.2312 | 0.04733 2651.4 2864.4 6.1429 |0.04144 2632.3 2839.5 6.0571
300 0.05887 2726.2 2961.7 6.3639 | 0.05138 2713.0 29442 6.2854 |0.04535 2699.0 2925.7 6.2111
350 0.06647 2827.4 3093.3 6.5843 | 0.05842 2818.6 3081.5 6.5153 |0.05197 2809.5 3069.3 6.4516
400 0.07343 2920.8 3214.5 6.7714 | 0.06477 2914.2 3205.7 6.7071 |0.05784 2907.5 3196.7 6.6483
450 0.08004 3011.0 3331.2 6.9386 | 0.07076 3005.8 3324.2 6.8770 |0.06332 3000.6 3317.2 6.8210
500 0.08644 3100.3 3446.0 7.0922 | 0.07652 3096.0 3440.4 7.0323 |0.06858 3091.8 3434.7 6.9781
600 0.09886 3279.4 36749 7.3706 | 0.08766 3276.4 3670.9 7.3127 |0.07870 3273.3 3666.9 7.2605
700 0.11098 3462.4 3906.3 7.6214 | 0.09850 3460.0 3903.3 7.5647 |[0.08852 3457.7 3900.3 7.5136
800 0.12292 3650.6 4142.3 7.8523 | 0.10916 3648.8 4140.0 7.7962 |0.09816 3646.9 4137.7 7.7458
900 0.13476 3844.8 4383.9 8.0675 | 0.11972 3843.3 4382.1 8.0118 |0.10769 3841.8 4380.2 7.9619
1000 0.14653 4045.1 4631.2 8.2698 | 0.13020 4043.9 4629.8 8.2144 |[0.11715 4042.6 4628.3 8.1648
1100 0.15824 4251.4 4884.4 8.4612 | 0.14064 4250.4 4883.2 8.4060 |0.12655 4249.3 4882.1 8.3566
1200 0.16992 4463.5 5143.2 8.6430 | 0.15103 4462.6 5142.2 85880 |[0.13592 446l1.6 5141.3 8.5388
1300 0.18157 4680.9 5407.2 8.8164 | 0.16140 4680.1 5406.5 8.7616 |0.14527 4679.3 5405.7 8.7124

P = 6.0 MPa (275.59°C) P = 7.0 MPa (285.83°C) P = 8.0 MPa (295.01°C)

Sat. 0.03245 2589.9 2784.6 5.8902 | 0.027378 2581.0 2772.6 5.8148 |0.023525 2570.5 2758.7 5.7450
300 0.03619 2668.4 2885.6 6.0703 | 0.029492 2633.5 2839.9 5.9337 |0.024279 2592.3 2786.5 5.7937
350 0.04225 2790.4 30439 6.3357 | 0.035262 2770.1 3016.9 6.2305 |0.029975 2748.3 2988.1 6.1321
400 0.04742 2893.7 3178.3 6.5432 | 0.039958 2879.5 3159.2 6.4502 |0.034344 2864.6 3139.4 6.3658
450 0.05217 2989.9 33029 6.7219 | 0.044187 2979.0 3288.3 6.6353 |0.038194 2967.8 3273.3 6.5579
500 0.05667 3083.1 3423.1 6.8826 | 0.048157 3074.3 3411.4 6.8000 |[0.041767 3065.4 3399.5 6.7266
550 0.06102 3175.2 3541.3 7.0308 | 0.051966 3167.9 3531.6 6.9507 |0.045172 3160.5 3521.8 6.8800
600 0.06527 3267.2 3658.8 7.1693 | 0.055665 3261.0 3650.6 7.0910 |0.048463 3254.7 3642.4 7.0221
700 0.07355 3453.0 3894.3 7.4247 | 0.062850 3448.3 3888.3 7.3487 |0.054829 3443.6 3882.2 7.2822
800 0.08165 3643.2 4133.1 7.6582 | 0.069856 3639.5 4128.5 7.5836 |0.061011 3635.7 4123.8 7.5185
900 0.08964 3838.8 4376.6 7.8751 | 0.076750 3835.7 4373.0 7.8014 |0.067082 3832.7 4369.3 7.7372
1000 0.09756 4040.1 4625.4 8.0786 | 0.083571 4037.5 4622.5 8.0055 |0.073079 4035.0 4619.6 7.9419
1100 0.10543 4247.1 4879.7 8.2709 | 0.090341 4245.0 4877.4 8.1982 |0.079025 4242.8 4875.0 8.1350
1200 0.11326 4459.8 5139.4 8.4534 | 0.097075 4457.9 5137.4 8.3810 |0.084934 4456.1 5135.5 8.3181
1300 0.12107 4677.7 5404.1 8.6273 | 0.103781 4676.1 5402.6 8.5551 |[0.090817 4674.5 b5401.0 8.4925

P = 9.0 MPa (303.35°C) P = 10.0 MPa (311.00°C) P =125 MPa (327.81°C)

Sat. 0.020489 2558.5 2742.9 5.6791 | 0.018028 2545.2 2725.5 5.6159 |0.013496 2505.6 2674.3 5.4638
325 0.023284 2647.6 2857.1 5.8738 | 0.019877 2611.6 2810.3 5.7596
350 0.025816 2725.0 2957.3 6.0380 | 0.022440 2699.6 2924.0 5.9460 |0.016138 2624.9 2826.6 5.7130
400 0.029960 2849.2 3118.8 6.2876 | 0.026436 2833.1 3097.5 6.2141 |0.020030 2789.6 3040.0 6.0433
450 0.033524 2956.3 3258.0 6.4872 | 0.029782 2944.5 3242.4 6.4219 |0.023019 2913.7 3201.5 6.2749
500 0.036793 3056.3 3387.4 6.6603 | 0.032811 3047.0 3375.1 6.5995 |0.025630 3023.2 3343.6 6.4651
550 0.039885 3153.0 3512.0 6.8164 | 0.035655 31454 3502.0 6.7585 |0.028033 3126.1 3476.5 6.6317
600 0.042861 3248.4 3634.1 6.9605 | 0.038378 3242.0 3625.8 6.9045 |0.030306 3225.8 3604.6 6.7828
650 0.045755 3343.4 3755.2 7.0954 | 0.041018 3338.0 3748.1 7.0408 |0.032491 3324.1 3730.2 6.9227
700 0.048589 3438.8 3876.1 7.2229 | 0.043597 3434.0 3870.0 7.1693 |[0.034612 3422.0 3854.6 7.0540
800 0.054132 3632.0 4119.2 7.4606 | 0.048629 3628.2 4114.5 7.4085 |0.038724 36188 4102.8 7.2967
900 0.059562 3829.6 4365.7 7.6802 | 0.053547 3826.5 4362.0 7.6290 |0.042720 3818.9 4352.9 7.5195
1000 0.064919 4032.4 4616.7 7.8855 | 0.058391 4029.9 4613.8 7.8349 |0.046641 4023.5 4606.5 7.7269
1100 0.070224 4240.7 4872.7 8.0791 | 0.063183 4238.5 4870.3 8.0289 |[0.050510 4233.1 4864.5 7.9220
1200 0.075492 4454.2 5133.6 8.2625 | 0.067938 4452.4 5131.7 8.2126 |0.0564342 4447.7 5127.0 8.1065
1300 0.080733 4672.9 5399.5 8.4371 | 0.072667 4671.3 5398.0 8.3874 |0.058147 4667.3 5394.1 8.2819




TABLE A-6

Superheated water (Concluded)

T v u h s v u h s v u h S
°C m3/kg kl/kg  ki/kg  kikg- K | m3kg kllkg  kJ/kg kl/kg - K| m3/kg kl/kg  kl/kg  klkg- K
P = 15.0 MPa (342.16°C) P = 17.5 MPa (354.67°C) P = 20.0 MPa (365.75°C)

Sat. 0.010341 2455.7 2610.8 5.3108 0.007932 2390.7 2529.5 5.1435 |0.005862 2294.8 2412.1 4.9310
350 0.011481 2520.9 2693.1 5.4438

400 0.015671 2740.6 2975.7 5.8819 0.012463 2684.3 2902.4 5.7211 |0.009950 2617.9 2816.9 b5.5526
450 0.018477 2880.8 3157.9 6.1434 0.015204 2845.4 3111.4 6.0212 |0.012721 2807.3 3061.7 5.9043
500 0.020828 2998.4 3310.8 6.3480 0.017385 2972.4 3276.7 6.2424 |0.014793 2945.3 3241.2 6.1446
550 0.022945 3106.2 3450.4 6.5230 0.019305 3085.8 3423.6 6.4266 |0.016571 3064.7 3396.2 6.3390
600 0.024921 3209.3 3583.1 6.6796 0.021073 3192.5 3561.3 6.5890 |0.018185 3175.3 3539.0 6.5075
650 0.026804 3310.1 3712.1 6.8233 0.022742 3295.8 3693.8 6.7366 |0.019695 3281.4 3675.3 6.6593
700 0.028621 3409.8 3839.1 6.9573 0.024342 3397.5 3823.5 6.8735 |0.021134 3385.1 3807.8 6.7991
800 0.032121 3609.3 4091.1 7.2037 0.027405 3599.7 4079.3 7.1237 |0.023870 3590.1 4067.5 7.0531
900 0.035503 3811.2 4343.7 7.4288 0.030348 3803.5 4334.6 7.3511 |0.026484 3795.7 4325.4 7.2829
1000 0.038808 4017.1 4599.2 7.6378 0.033215 4010.7 4592.0 7.5616 |0.029020 4004.3 4584.7 7.4950
1100 0.042062 4227.7 4858.6 7.8339 0.036029 4222.3 4852.8 7.7588 |0.031504 4216.9 4847.0 7.6933
1200 0.045279 4443.1 5122.3 8.0192 0.038806 4438.5 5117.6 7.9449 |0.033952 4433.8 5112.9 7.8802
1300 0.048469 4663.3 5390.3 8.1952 0.041556 4659.2 5386.5 8.1215 |0.036371 4655.2 5382.7 8.0574

P = 25.0 MPa P = 30.0 MPa P = 35.0 MPa
375 0.001978 1799.9 1849.4 4.0345 0.001792 1738.1 1791.9 3.9313 |0.001701 1702.8 1762.4 3.8724
400 0.006005 2428.5 2578.7 5.1400 0.002798 2068.9 2152.8 4.4758 |0.002105 19149 1988.6 4.2144
425 0.007886 2607.8 2805.0 5.4708 0.005299 2452.9 2611.8 5.1473 |0.003434 2253.3 2373.5 4.7751
450 0.009176 2721.2 2950.6 5.6759 0.006737 2618.9 2821.0 5.4422 |0.004957 2497.5 2671.0 5.1946
500 0.011143 2887.3 3165.9 5.9643 0.008691 2824.0 3084.8 5.7956 |0.006933 2755.3 2997.9 5.6331
550 0.012736 3020.8 3339.2 6.1816 0.010175 2974.5 3279.7 6.0403 |0.008348 2925.8 3218.0 5.9093
600 0.014140 3140.0 3493.5 6.3637 0.011445 3103.4 3446.8 6.2373 |0.009523 3065.6 3399.0 6.1229
650 0.015430 3251.9 3637.7 6.5243 0.012590 3221.7 3599.4 6.4074 |0.010565 3190.9 3560.7 6.3030
700 0.016643 3359.9 3776.0 6.6702 0.013654 3334.3 3743.9 6.5599 |0.011523 3308.3 3711.6 6.4623
800 0.018922 3570.7 4043.8 6.9322 0.015628 3551.2 4020.0 6.8301 |0.013278 3531.6 3996.3 6.7409
900 0.021075 3780.2 4307.1 7.1668 0.017473 3764.6 4288.8 7.0695 |0.014904 3749.0 4270.6 6.9853
1000 0.023150 3991.5 4570.2 7.3821 0.019240 3978.6 4555.8 7.2880 |0.016450 3965.8 4541.5 7.2069
1100 0.025172 4206.1 4835.4 7.5825 0.020954 4195.2 4823.9 7.4906 |0.017942 4184.4 4812.4 7.4118
1200 0.027157 44246 5103.5 7.7710 0.022630 4415.3 5094.2 7.6807 |0.019398 4406.1 5085.0 7.6034
1300 0.029115 4647.2 5B375.1 7.9494 0.024279 4639.2 5367.6 7.8602 |0.020827 4631.2 5360.2 7.7841
P = 40.0 MPa P = 50.0 MPa P = 60.0 MPa

375 0.001641 1677.0 1742.6 3.8290 0.001560 1638.6 1716.6 3.7642 |0.001503 1609.7 1699.9 3.7149
400 0.001911 1855.0 1931.4 4.1145 0.001731 1787.8 1874.4 4.0029 |0.001633 1745.2 1843.2 3.9317
425 0.002538 2097.5 2199.0 4.5044 0.002009 1960.3 2060.7 4.2746 |0.001816 1892.9 2001.8 4.1630
450 0.003692 2364.2 2511.8 4.9449 0.002487 2160.3 2284.7 4.5896 |0.002086 2055.1 2180.2 4.4140
500 0.005623 2681.6 2906.5 5.4744 0.003890 2528.1 2722.6 5.1762 |0.002952 2393.2 2570.3 4.9356
5560 0.006985 2875.1 3154.4 5.7857 0.005118 2769.5 3025.4 5.5563 |0.003955 2664.6 2901.9 5.3517
600 0.008089 3026.8 3350.4 6.0170 0.006108 2947.1 3252.6 5.8245 |0.004833 2866.8 3156.8 b5.6527
650 0.009053 3159.5 3521.6 6.2078 0.006957 3095.6 3443.5 6.0373 |0.005591 3031.3 3366.8 5.8867
700 0.009930 3282.0 3679.2 6.3740 0.007717 3228.7 3614.6 6.2179 |0.006265 3175.4 3551.3 6.0814
800 0.011521 3511.8 3972.6 6.6613 0.009073 3472.2 3925.8 6.5225 |0.007456 3432.6 3880.0 6.4033
900 0.012980 3733.3 42525 6.9107 0.010296 3702.0 4216.8 6.7819 |0.008519 3670.9 4182.1 6.6725
1000 0.014360 3952.9 4527.3 7.1355 0.011441 3927.4 4499.4 7.0131 |0.009504 3902.0 4472.2 6.9099
1100 0.015686 4173.7 4801.1 7.3425 0.012534 4152.2 4778.9 7.2244 |0.010439 4130.9 4757.3 7.1255
1200 0.016976 4396.9 5075.9 7.5357 0.013590 4378.6 5058.1 7.4207 |0.011339 4360.5 5040.8 7.3248
1300 0.018239 4623.3 5352.8 7.7175 0.014620 4607.5 5338.5 7.6048 |0.012213 4591.8 5324.5 7.5111




TABLE A-7

Compressed liquid water

T v u h S v u h S v u h S
°C m3/kg kl/kg kikg  kl/kg - K| m3/kg kl/kg  klkg  klkg - K| m3/kg kllkg  kl/kg klkg-K
P = 5 MPa (263.94°C) P =10 MPa (311.00°C) P = 15 MPa (342.16°C)

Sat. 0.0012862 1148.1 1154.5 2.9207 | 0.0014522 1393.3 1407.9 3.3603 | 0.0016572 1585.5 1610.3 3.6848
0 0.0009977 0.04 5.03 0.0001 | 0.0009952 0.12 10.07 0.0003 | 0.0009928 0.18 15.07 0.0004
20 0.000999%  83.61 88.61 0.2954 | 0.0009973 83.31 93.28 0.2943 | 0.0009951 83.01 97.93 0.2932
40 0.0010057 166.92 171.95 0.5705 | 0.0010035 166.33 176.37 0.5685 |0.0010013 165.75 180.77 0.5666
60 0.0010149 250.29 255.36 0.8287 | 0.0010127 249.43 259.55 0.8260 | 0.0010105 248.58 263.74 0.8234
80 0.0010267 333.82 338.96 1.0723 | 0.0010244 332.69 342.94 1.0691 | 0.0010221 331.59 346.92 1.0659

100 0.0010410 417.65 422.85 1.3034 | 0.0010385 416.23 426.62 1.2996 | 0.0010361 414.85 430.39 1.2958

120 0.0010576 501.91 507.19 1.5236 | 0.0010543 500.18 510.73 1.5191 |0.0010522 498.50 514.28 1.5148

140 0.0010769 586.80 592.18 1.7344 | 0.0010738 584.72 59545 1.7293 | 0.0010708 582.69 598.75 1.7243

160 0.0010988 672.55 678.04 1.9374 | 0.0010954 670.06 681.01 1.9316 |0.0010920 667.63 684.01 1.9259

180 0.0011240 759.47 765.09 2.1338 | 0.0011200 756.48 767.68 2.1271 | 0.0011160 753.58 770.32 2.1206

200 0.0011531 847.92 853.68 2.3251 | 0.0011482 844.32 855.80 2.3174 | 0.0011435 840.84 858.00 2.3100

220 0.0011868 938.39 944.32 2.5127 | 0.0011809 934.01 945.82 2.5037 | 0.0011752 929.81 947.43 2.4951

240 0.0012268 1031.6 1037.7 2.6983 | 0.0012192 1026.2 1038.3 2.6876 |0.0012121 1021.0 1039.2 2.6774

260 0.0012755 1128.5 1134.9 2.8841 | 0.0012653 1121.6 1134.3 2.8710 | 0.0012560 1115.1 1134.0 2.8586

280 0.0013226 1221.8 1235.0 3.0565 | 0.0013096 1213.4 1233.0 3.0410

300 0.0013980 1329.4 1343.3 3.2488 | 0.0013783 1317.6 1338.3 3.2279

320 0.0014733 1431.9 1454.0 3.4263

340 0.0016311 1567.9 1592.4 3.6555
P = 20 MPa (365.75°C) P = 30 MPa P = 50 MPa

Sat. 0.0020378 1785.8 1826.6 4.0146
0 0.0009904 0.23 20.03 0.0005 | 0.0009857 0.29 29.86 0.0003 | 0.0009767 0.29 49.13 -0.0010
20 0.0009929 82.71 102.57 0.2921 | 0.0009886 82.11 111.77 0.2897 | 0.0009805 80.93 129.95 0.2845
40 0.0009992 165.17 185.16 0.5646 | 0.0009951 164.05 193.90 0.5607 |0.0009872 161.90 211.25 0.5528
60 0.0010084 247.75 267.92 0.8208 | 0.0010042 246.14 276.26 0.8156 | 0.0009962 243.08 292.88 0.8055
80 0.0010199 330.50 350.90 1.0627 | 0.0010155 328.40 358.86 1.0564 | 0.0010072 324.42 374.78 1.0442

100 0.0010337 413.50 434.17 1.2920 | 0.0010290 410.87 441.74 1.2847 | 0.0010201 405.94 456.94 1.2705

120 0.0010496 496.85 517.84 1.5105 | 0.0010445 493.66 525.00 1.5020 |0.0010349 487.69 539.43 1.4859

140 0.0010679 580.71 602.07 1.7194 | 0.0010623 576.90 608.76 1.7098 | 0.0010517 569.77 622.36 1.6916

160 0.0010886 665.28 687.05 1.9203 | 0.0010823 660.74 693.21 1.9094 | 0.0010704 652.33 705.85 1.8889

180 0.0011122 750.78 773.02 2.1143 | 0.0011049 74540 778.55 2.1020 | 0.0010914 735.49 790.06 2.0790

200 0.0011390 837.49 860.27 2.3027 | 0.0011304 831.11 865.02 2.2888 |0.0011149 819.45 875.19 2.2628

220 0.0011697 925.77 949.16 2.4867 | 0.0011595 918.15 952.93 2.4707 |0.0011412 904.39 961.45 2.4414

240 0.0012053 1016.1 1040.2 2.6676 | 0.0011927 1006.9 1042.7 2.6491 | 0.0011708 990.55 1049.1 2.6156

260 0.0012472 1109.0 1134.0 2.8469 | 0.0012314 1097.8 1134.7 2.8250 | 0.0012044 1078.2 1138.4 2.7864

280 0.0012978 1205.6 1231.5 3.0265 | 0.0012770 1191.5 1229.8 3.0001 |0.0012430 1167.7 1229.9 2.9547

300 0.0013611 1307.2 13344 3.2091 | 0.0013322 1288.9 1328.9 3.1761 |0.0012879 1259.6 1324.0 3.1218

320 0.0014450 1416.6 14455 3.3996 | 0.0014014 1391.7 1433.7 3.3558 | 0.0013409 1354.3 1421.4 3.2888

340 0.0015693 1540.2 1571.6 3.6086 | 0.0014932 1502.4 1547.1 3.5438 | 0.0014049 1452.9 1523.1 3.4575

360 0.0018248 1703.6 1740.1 3.8787 | 0.0016276 1626.8 1675.6 3.7499 | 0.0014848 1556.5 1630.7 3.6301

380 0.0018729 1782.0 1838.2 4.0026 | 0.0015884 1667.1 1746.5 3.8102
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Ex N 01.

Un réservoir de 1,8 m3 contient de la vapeur a 220 ° C. Un tiers du volume est en phase liquide et le
reste est sous forme de vapeur. Déterminer

a. La pression de la vapeur.
b. La qualité du mélange saturé (le titre).
c. Lamasse volumique du mélange.

Ex N 02.
Un récipient dont V=0.5 m3 contient 3 kg de mélange eau-vapeur en équilibre a 168 °C. Calculer :

La pression de la vapeur.

La chaleur latente hy.

Le titre x.

La masse de vapeur mg, et la masse de liquide mr.
Le volume de vapeur Vg, et le volume de liquide V+.

® o0 T e

Ex N 03.
1 kg de vapeur d’eau seche est détendu isentropiquement de T1=175 °C a T.=60 °C.

Représenter la détente sur un diagramme (P, V), et sur un diagramme (T, S).
Déterminer le titre en fin de détente.

Evaluer la chute d’enthalpie

Calculer les pressions et les volumes des points (1 et 2).

o0 ow

Ex N 04.

Déterminer la quantité de chaleur nécessaire pour produire 1 kg de vapeur, a une pression de 6 bars, et
a une température de 25 °C dans les conditions suivantes.

a. Lorsque la vapeur est humide, ayant un titre de vapeur de 0,9.

b. Lorsque la vapeur est saturée séche.

c. Lorsqu'elle est surchauffée a une pression constante a 250 ° C.
Supposons que la chaleur spécifique moyenne de la vapeur surchauffée soit de 2,3 kJ/kg.
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Ex N 01.
a. Lapression de la vapeur.
A partir du Tableau de vapeur saturée (A-4) V.
P = Typr@az0 ¢ = 2320 kPa apeur
b. Laqualité dumél turé (le tit V=18 m’
- Laqualité umeanges\:aure(elre). T= 220 C*
A partir du Tableau de vapeur saturée (A-4)
m3 m3
Uf = Vf@zzoc = 0, 001190 Eetvg = Ug@zzoc = 0, 08609 E
Vs % x 1,8m3
=—==————-=504,2k
" T Y T 0,001190 g
Vv % x 1,8 m3
=—==——-—"=13,94k
Ty T 008609 Y
m, =m; +my = 5042+ 1394 = 518,1kg
=T 139 5 0269
=, Ts181

c. Lamasse volumique
3

m
Umeez20c = Vr + x(vy — v) = 0,001190+ 0,0269(0,0849) = 0,003474 g
1 1 kg

. = = =287,8 —
Pmél@220 ¢ Umstoz20c  0,003474 m3
Ex N 02
a. La pression de la vapeur.
A partir du Tableau de vapeur saturée (A-4) et l'interpolation linéaire :
xg =T, =165 y, = P, = 700,93 kPa
X2 = Tp=15 =168 Y2 = Pa1es =7
x, =T, =170 y, = P, = 792,18 kPa
Poies = P, + (P P)xT@lﬁs_Ta—70093+(79218 70093)x168_165—755 68 kP.
@168 = fa b a T, — T, - ’ ’ ’ 170—-165 ’ *
b. La chaleur latente hy,.
A partir du Tableau de vapeur saturée (A-4)
hf@168°C = 709,3 k]/kg vf@1680C = 0,00112m3/kg
hg@168°C - 2765,8 k]/kg vg@168°C - 0,2556m3/kg

Et l'interpolation linéaire :
hfg@168°c = hg@168°c - hf@168°c = 2765,8 - 709,3 = 2056, 5 k]/kg

c. Letitre
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hmeeissec= (1 — x)hs + xhy = hy — xhp + xhg = hy + x(hy — hy) = hy + xhsy = x
_ hmai@ie8° c— by _ Vmet@regrc— v _ 0,1666—0,00112

= = 0,65
hg — hy Vg — Vf 0,2556—0,00112
Vinet 0,5
Vmél@168°C = mme/l =3 = 0,1666 m3/kg
me

d. Lamasse de vapeur my, et la masse de liquide m.
mg = XMpyg = 0,65%x3 =195kg
my = (1 —x)mpe = (1 —0,65) X3 =1,05kg

e. Le volume de vapeur Vg, et le volume de liquide V:.
Vi = vy Xmp = 0,00112x 1,05 = 0,001176 m3
V, = v, xmy =0,2556% 1,95 = 0,4984 m3

Exercice 3
a. Représentation graphique de la détente isentropique de la vapeur d’eau saturée

P T

2
Vv S

b. Le titre a la fin de détente
T°C | P(kPa) | vr(m*/kg) v,(m*/kg) hy(kj/kg) hg(kj/kg) | sp(k]/kg.K) | sq(k]/kg.K)
175°C| 892,6 0,001121 0,21659 741,02 2772,7 2,0906 6,6242
60° C | 19,947 0,001017 7,6670 251,18 2608,8 0,8313 7,9082

Détente isentropique, donc s; = sg; = s

_Sg1 =82 _ 66242-08313_ o o
X S2—sm 79082-08313

c. La chute d’enthalpie
hy = (1 = x2)hss + x50y, = (1 —0,8186)251,18 + 0,8186 X 26088
= 2181,128 kJ /kg
Ah = hy —hy = Ah = hyy — hy = 27727 — 2181128 = 591,57 kJ /kg
d. Les pressions et les volumes des points (1 et 2).
Vi=mxXv, =1x0,21659=0,21659 m3
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vy = (1 = x2)vp, + X504, = (1 - 0,8186)0,001017+ 0,8186% 7,6670
=6,2764m3 /kg
V,=mxXv,=1x6,2764=6,2764m3

Exercice 04
Déterminer la quantité de chaleur nécessaire pour produire 1 kg de vapeur
Puisque I'eau est a une température de 25 °C, la chaleur est déja dans I'eau

h1@25°C= Cp Tl - 4,2 X 25 - 105k]/kg

Lorsque la vapeur est humide, ayant un titre de vapeur de 0,9.

A partir du Tableau de vapeur saturée (A-4)

Tsat@s par = 15883 ° G hr@g par = 670,38kJ/kg, hrgospar = 20858 kj/kg
hy = (1 = X)hs + xhy = hy + xhy; = 670,38 + 0,9(20858) = 2547,6 kJ/kg
Q =m(hy, —hy) = 1 x (2547,6 — 105) = 2442,6 kJ

b. Lorsque la vapeur est saturée séche.

hy = hy = hy + hyy = 670,38+ 20858 = 275618 k//kg
Q =m(hy —hy) = 1% (275618 — 105) = 2651, 18 kJ

Lorsqu'elle est surchauffée a une pression constante a 250 °C.

hy = heyr = hy + Cp (Teyy= ) = by + Cp (Tyyr- t) = 275618+ 2,3(250 — 15883)

= 296587 kJ/kg
Q =m(hy, —hy) = 1 x (296587 — 105) = 2860,87 kJ



Altitude 0 m

Pression atmosphérique 101325 Pa

DIAGRAMME DE L'AIR HUMIDE

-
i
Mrmm._.m_._.__..m_.____._.m___._..__.m_._._._._.m_._._.___..m_..___._._.__m_._._.___.m_.._._._.m_.____4
m Mﬁ [s2 by [ nea O] anbypads 23PNy g
(= = "..h_ .q._....." _q._m.." _q...,._ .q.ﬂ "ﬂ H H." “H q......" “.....h_ q.._." E.“ _...“ .._.h_ _.q" .u.._._ q..." q..,..." " " n. h_ (=31 [=&] I [FE] Lr =+ M~ i = (=] L H
L A ; i AT VA Ve S CAPT il I L~/ m
ol Il Y /4 = a0l A N A d 20 T A L7417 e
o = i A 08 = = A WA VA AT V2 VA B B/ = X A o
A S g 7 RE VA T PN VAN Lged] 3
1-...”._ lh.um H..._..._.._. ﬁ.ﬂ.uﬂuup__.ﬂf.v.—.“uﬂ.ﬂiwux ...._.. ._.__._. ._.._.. ra ._Hnl H.._.lulﬂ“._.__....xu_ ....._. ._.._....._._. ...._. [~ .r..... ._..... .._... £ __..__uﬂv.”“.. l|||.i_m\*ﬁ_ ; ..._. (=] w
= yi _..._ o "1 ] A Y T b ..._. il r r A F L|||m__ .._......_.. 4 il
A e i A 2 D A 74 2 XA PN/ T
4 A | S LS | Sl [ AT A A = A LAY L1 K
\\ ) i rars s S oSV A A VAl L —T%A & AA AT | 4 3
Al s e | AL - AL A AT PN AN il %% Il I m
O 7 4 V2 VD - 1 s ) AN i NV W s
A i u_va/\_.‘{ Al Al A7 | A i FARVYVAF _kmx by
v s T el ~1 SV LA [ A | .%R e N VAN g™ il i
N V4 A= AN A A =V 8 W VA = Ve RV
~ . i L AT AL A/ -H% FAVIEYErAWIra N ArNre . .
v A7 170 S i = WA= rTEry A
g L il _ AT A7~ 4 P 1% & RZFARIIN ¥/
N A | A TEF [ TR 7 il ar i o il WA
wl 17 TV T VT L2 74 A7 = 71N xf -a-ﬁ%,w
2 ST S N PR T O A A AV A
W&;ﬁi___.. P e s L VB VTS P/ AY ANG7AY [T
r BT ¥ :Hwh. Jm,:?..ww.ﬂf x.“ .ﬂwx uf,x F Mﬁhw%-% wm“ u,‘w}‘ hw kﬁ,unw
i ..UH . a .". - B g =] Fi 7 -l-... ..ﬂ._ b 2 1.I &
e S e
A e n...:..- e .:”.un_n.... Lu_.._p.._“_.fuﬂ. .__........r:r 1 ,“,.,__.._.VJMM.._...H %u 7 .__...__.._ N 4 Ha._....mﬂn__m_.__._n._____n__...d.
# I, 771 S SN LA q‘w 1 NSCEAY WS
: T A ST n.m XS ﬁ.\?tw XF A A 7]
Sy .y % & Lc..x u S ﬂxm ue,,,a r/ .famt_,ﬁw ﬁtm
= £ F: i 5 Fi T 4 L
w p v /a\/ﬂx%if E.Awﬁ DTN VAT VAP
; Fi d i L FRLY 1 i =
o < P2 ST R X i
1 A W AN = VAV A W
.@ = ........“um..- .”w:..,... .._....“.. ri .._...__"Mu = _m"u\..__.. ”“_.__. r ....a_. ....ﬂ i =T
i = J:{if A ﬁm ﬁ?ﬁwf ,,ay.,a,‘h._r-- "B
= . i ! =
& PN X7 WAV 5
_.u...__n._. uwﬁ/\ - -ﬂu .q_.._....._. wﬁ 1.___"_ m.._ﬂ_ 1_H_n.
o ARSI ARG §
Yy, 0 A TS o 0 4T Ll
Von, @ AR X Vo
£ A r
Py 59 « NV V. V.0 piny Hz_m
...U_. il i ’ (=]
& ALY D W=
w AR ,.,iﬂ?u oE
O A NP
o o
= 0 ! AL
.ﬁ _H .ﬂu .x...___.__. __._. 4
by B5E A AT
S22 5 a0 2 B\ w__wwﬁ
_...lu_ i) i n.._.u. _......u m il i —
,mﬁmmmﬂwm.mm /
: HEIHEATIEE 025
mm.ﬁ.mm "Bk e
o | & % E Soa ‘ ,
m-m_m,mmm,mqﬁm i
Edvdttiat
L 2R @@ E | = B
,.E...M.M.M,.E.,.E.m_u_u H
e E & 5|54 dy -
I W I - - == o 0 _.._. -
By { _...u
E [ [R0|EN 3 (@ 7 1@ = & Vo
Eols 8z LG J i
= |I&. ,m kz | = o WL
: W .._M L ﬁ p mp_n_ m L4 .
SR HE =
"8 23 |BaY <




MINISTERE DE L’ENSEIGNEMENT SUPERIEUR ET DE LA RECHERCHE SCIENTIFIQUE
Université de Jijel
Faculté des Sciences et de la Technologie
Département de Génie Mécanique
2¢m¢ Année Génie Mécanique
A.U 2019/2020, Semestre 2
TD N 03 : Propriétés thermodynamique des substances pures (Air humide)

Module : Thermodynamique IT
Responsable du module : T.E. BOUKELIA

Br : La température humide. 8s : La température séche. 8; : La température de rosée.
rs: La teneur d’eau (humidité absolue). HR : Le degré hygrométrique (humidité relative)

Ex N 01.
Dans un local, on reléve au psychrométre: 8s= 22 °C et 6,= 17 °C.
Rechercher les caractéristiques de I'ambiance du local considéré.

Ex N 02.
A l'aide du diagramme de I'air humide, compléter le tableau suivant :
h en kcallkg as | Bnen °C Bsen °C rsen g/kg as HR en %
13,5 21
11,5 17
12 7,5
18 4
26 14.8
Ex N 03.
Air 1 Air 2
Mas1=10 kgas Mas2=20 kgas
0s1=-5 °C 0s1=20 °C
HR=80 % HR= 80 %

Déterminer les caractéristiques du mélange.

Ex N 04

On cherche a connaitre la puissance et I'efficacité d'une batterie froide. La température avant la batterie est
de 25°C la température aprés la batterie est de 10°C, I'humidité spécifique passe de 11 g/kg air sec a 7.5
g/kg air sec. Le débit d'air est de 3 kg/s.

Ex N 05.
Air 1 Air 2
Mas1=10 kgas Masy=20 kgas
Bs1=18 °C Bs0=24 °C
Bn=7°C Bno=17 °C

a. Calculer I'enthalpie hn [kJ/kg] et la teneur d’eau rsm [g eau /kg air] du mélange (air 1 + air 2).

b. Déterminer les autres caractéristiques a partir de I'enthalpie et la teneur d’eau du mélange (températures
humide et séche [°C], pression de la vapeur d’eau [Pa], volume spécifique [m3/kg], humidité relative [%]).

c. Sila puissance absorbée par la batterie est 1000 kW, et la température seche et I'humidité relative du
mélange aprés la batterie sont 30°C et 60 % respectivement, calculer le rendement de la batterie (le
débit d'air est de 30 kg/s).
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A partir du diagramme de I'air humide.
Ex N 01.

Les caractéristiques de 'ambiance d’un local avec 8s= 22 °C et 8,= 17 °C.
T, = 10 g eau/kg as,

P,, = 1060 Pa,

h, =47,5k]/kg as,

vy, = 0,850 m3/kg as,

HR,, = 60 %
Ex N 02.
h en kcal/kg as Bnen °C Bsen °C rsen g/kg as HR en %
37 13,5 21 6,7 42
32 11,5 17 6 50
34 12 15 75 70
/ 18 4 / /
79 4,5 26 14.8 29
Ex N 03.

Les caractéristiques du mélange.
La méme méthode que la premiére partie de I'Ex N 05

Ex N 04.
La méme méthode que la derniére partie de 'Ex N 05

Ex N 05.

a. L’enthalpie et la teneur d’eau du mélange

Avec le diagramme de l'air humide

Pourlair1:hy = 22 kj/kg as,rs1 = 1,7 g eau/kg as
Pourlair2:h, = 47,5 kJ/kg as,rs; = 9,2 g eau/kg as

Donc I'enthalpie hn et la teneur d’eau rsm du mélange :

p_MayXhytme X hy _10X22420x475
T it M 10 + 20 =39k)/kg as

Mgy X1+ Mgy X1 10X1,74+20%9,2
- Mgy + My - 10 + 20

=6,7g eau/kg as

Tm
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b. Les autres caractéristiques du mélange
Avec le diagramme de l'air humide
Ogm =22°C Oppm=14°C P, =1070Pa v, =0,845m3/kgas  HR, =40%

c. Lapuissance de la batterie

Avec le diagramme de l'air humide

hpo =71k]/kg as

P =m(hpy — hpe) = 30(71 —39) =960 kW
Préel 960

Nbatterie = a = m =096=96%



