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(Prova pratica)

Il generatore di vapore arecupero (GVR) di un impianto a ciclo combinato, deve essere
dimensionato per produrre vapore a due differenti pressioni, secondo |a seguente tabella:

VAPORE PER USI TECNOLOGICI

Pressione (bar) | Temperatura
Q)
AP 68 590
BP 6 210

Il rapporto tra la portata di vapore richiesta ad alta pressione e quella richiesta a bassa pressione
eb5:1.

In condizioni nominali, la portata dei fumi disponibile allo scarico dellaturbina a gas € 540 t/h
allatemperaturadi 500 °C, con la seguente composizione in volume: 73.3% N2, 12.7% O2,
3.4% CO,, 10.6% H,0.

Solo il 40% del vapore prodotto e recuperato sotto formadi condense alla temperatura di 50°C.
L e condense sono miscelate alla pressione ambiente con acqua di reintegro.

In base ai dati forniti, si chiede di:

1. Determinare le proprietadei fumi in relazione alla composizione assegnata (ipotizzare le
proprieta indipendenti dalla temperatura);

2. Determinare le portate di vapore prodotte dal GVR, assegnando latemperatura di uscita dei
fumi (riportare la verifica inerente alla temperatura di saturazione);

3. Definire latipologia dell'economizzatore, del vaporizzatore e del surriscaldatore, di dtae
bassa pressione (considerare per i vaporizzatori unaportata di circolazione pari a5 volte la
portata di vapore che deve essere surriscaldata), precisando per ogni scambiatore:

- la potenza termica scambiata;
- l'efficienza ed il numero di unita di trasporto richieste;



- Stimare I'area di scambio, determinando il coefficiente globale di scambio termico in
base avalori medi del coefficiente di convezione assegnati in ragione dello stato di
aggregazione del fluidi e dei fattori di sporcamento (precisare le ipotes adottate);

Calcolare la potenza el ettrica assorbita dalle pompe per I'innalzamento di pressione del
fluido in fase liquida (trascurare in prima approssimazione le perdite di carico);

. Tracciare lo schemadi massmade GVR, indicando gli scambiatori e tutti gli eventuali
componenti esterni d GVR ritenuti necessari (indicare i capisaldi termodinamici);

. Tracciare sul diagramma antropico di Gibbs le trasformazioni del vapore ed indicare su
tabelle gli stati termodinamici in corrispondenza a tutti i capisaldi calcolati lato fumi e
acqualvapore;

Descrivere in una sintetica relazione le scelte operate precisando chiaramente tutte le
ipotesi di calcolo, il valore delle grandezze calcolate in sede di progetto e le caratteristiche
del diverss componenti d'impianto.

ALLEGATI:
- Diagramma e tabelle delle proprieta dell'acqua.



3700

3500

3300

3200
3100 .
3000

2700 -

2600

2500

2400

2300

2200
2100

3700

B 70 *u'kdiou o

11

m NEREN
K . : STSNKINNE
7 L T nul iy 13 4, L L Jﬁlﬁ e AL SYmil _
5 e ‘_.L = o T T ~H. y ~] Y 1 M u [34 S .fw ur../ ol TN £ _.m.
=g = 2 - W - = 7 Jﬂ e = . | &l q m -
| S Tl 4 T NG niih= ) W B - ~ s brm;{ S 3 f/n H w H §:
IR ) LR T R SUELYNANID g 2] 33
e N S ~— ..le.f.. ™~ [~ \ ™ \ ] N~ Y _ & 2 =
R T e e T s s T B N il
+ u ¥ ¥ 3 = L L 4 ks I Al T b= ! — & 1 5 <
H ._vmwm._u- m_namwmf 5] mtm/mmuum_nﬂ% S e B BA R T | AT A mﬁh,._l,m\ N8 D i AN 3 £l 17
5 / - - ~ X aem ) R el
% = w Al = =R = — o ~3 | T : i S N DR DI ISR IR a8 S+ E95
|m 1 = ! ~ -% _ S .d)l....... \_ — — ~ o .f_ ~ L e i D 1-1 7. . H / u m “ =
s f 7 _\ri.;“. % J...r._..f,_ _1 .,.d_.. “ L ™ _..!_.4”r r...._:..,_"/ L J!DW; &/ e ./J..r ./ﬂ_.v. ./..V _/;.._ i // - W T ul.... ¥
A< SR A T TS [T ¥ e T UL o~ J_,V/,..N | I WIS / z | wm
B AL = - . 5 o =
< U.rf.r _ & 1 ] A =Ll = re~L] 7 ) 4 d DI N h { ¥
| r— LIl T 1 1 1 L0 Jeacdl ) w1 = <3 ] ~T /1 // "~ N / /__/ m
T N T suGEAEREYN LIS VI N L SR N INB Y BRYA - %
= ] A =) T L 2N SAEh S TN CAL R J b N S
= a 1 | — ~— 3 e OB ~—17 7 .Nwm./ _ y ....r..-hl T 3 J.IF. ~ — M.. | .Ll 1 / M " Y B
IR N2 RSN IDLESUNSNa N A e e P P TN TR RN AL RN
\4 ........._.l .d \ .....r.J...r jvﬁ.L{ - _...*.,........._\ ™ ...f.!un .....f.r J.cwu —)MWF _.“_F — .T. _.,!....z .-W.s.. f......y Jr} L i / ./r v« - /. 7/.__/
e T ST DL T T Tl ey S N NS SN N ]
~ ........~ By = \J.L:I;Ll f...._.l..w..r ~__] 7......... .l [/ ....IDN- = ™~ 4 W ..fhvw“.\ ./.% # j/..f \ 5 AN M.//_ ﬁ N \‘Pr/ 1\/_/
I R ~LL T 1T =X N T IO Vi - ......ﬂ SLE WS s | B h NS OR ] N N
iy i Bw e TR T AT TN LT L RN N WiNED; 3 = S\
NN L | . b 5 S TORRA NAYN
LA TS T e e o R R RIS NN PRINUAL TS A DA A A
” b [ M.w o 1 — 3 -~ T S / / x/
.m.....r .l.....fol \\J\ = - ..,.....u..l...r ’ #.{l h HWW.AJF.F i “ = IALHAL JL ~ ..._.._ ..........H /L—L..f ﬁ 7r.) ™~ /I // \/ \‘ e U 3 M /i M
R TR RN TPRL T 25 ASUR A IR A AR VA NRY QVANYENN AR VIN
YL TR LTS T oAl r NOUTINDN AN 1y : /4. Iha LURED = f/ = > /f NN /f/ N » A ”\q N
= £ T — o o x 5 \
LT \ T L] 4 LT ,\\ ..,puyl JaURERS 40 /] N Jm/. i I% /./7 V-8 /.4//.\ uh 9 YA NS ;V N NE AN /
~ e _.\ e ...r.-!v i = t ' T o = B R —! _A 1..,.......... v .. ~ WA 4 ./K //IK 7..r /
AR O N PO PR\ T LR NP AT S HaN B LA LI RN 4
i x i ............!_ Ly ...f-/-fln‘ —_ lya..ff \ _)f..”.r. Jﬁ_/ VL ﬂ[r{ R i % W b / N o b s .ra...
~ / A _'..I..P vAr!‘_./M = ..-J.....J \ wl P \ > ..r/.fr. e = N TV M ..fJ "t~ & N ~N / B vVL__. i s = / N N /h
SR N NCREATSN IR TRty TR R A e S e P R D N R oK R NS RS N SNAR
AN AN ENENE N AN N A NS YA T s A T L AL =R 3 v ,,M o SRR N ALNA QRN
ANANANANRNAVANE MR RYASS ias N TR N LY TS A /],,m7w, N B Y N SR AN 7S N
4 INCTSIN NG N TR N AYATRAR YN ST RN AL Ty A\ ﬂ;f N,,L P Wz./r\\._ /vm 1Jm/.x N /.,(7/ M 2 NSTAN
= . b b b - i - - . fa i) A == 1 3
AN NS AN A AN AR S AN NENBY.E. X - /w.r /N = as /./V,.\( 9 ;AN NAN
TRt [ N RO R A N RS RN LY NSRS Y SN TR LS/ AN A ENEANNZNSN A NREA
— — ﬂ:/lnr..,._y ./_hrr.mw.uf N ........an..,_/ /.”...,.)A /J/ ‘rr...;/ w(nra.m,_ /.a _/....f = b ,.Ifr lﬁf %/./ \ ./.Nf/.f < ./_.r ..vq\ amwl‘.f/ N - ~
M, = == - ~ b Y
T N N TR N OSSNSO R RN SRR IR A NN I, . v //N_/ LA
e N e N < S N N R ESEANSNENES AT ALY NN AN ™ a2 N ﬂ NN Bridlhy
NONSIN NI LTS A TSN A N S RS M M S BN y N TSRORANN W
i ol iy S ey N .,..H,_,.r ......“Hr,. ...../...uff .,..!_.., KT _/_/.._/.,.,...Ij.rfb Tﬁ,f.. //..,/_ )Adzmw..r/,arnﬂ.fz%/ ] ,wm, Jm < Jvﬁ < ~ N - Y ..1.1 ;./ ,/f._.1
TS f,.rrx.!.r | tﬂdﬂb ﬂnfh(rdrf/r fdf:ﬁh!f“”rﬂ“ﬂ@ I/.)“;..N_ - LN TN "+ = a s Vﬁ ......A»/\ =4 ] 1..!/../ S v/./(./lv J,_/ N ﬁ/_
S TSN SN S Y e N R IR N i QY < > <+
e s S e A J.....f -] ...1...r - d ~ N N !ﬁ. xrl/ R 'VA | . ™ /IJ_,;.‘VN
.H......:,,.... D /_..!_.,.,HM,.JI; SN lﬂﬂ:.,,..n.,;: NN H ~ N = 2 i s 5.4 - N N
S T SR S S S IR RN AR PSR RN OR R
e T N RO e teso et
=% - o ~ b
NSRS R R AN Y ﬁﬂm,mw,/w. LS ;/V\//\V Ywn f7v/ SIS %
2 m m W o W m i ” T:...U.H.. fiun..f.m”:uurf:f.?h!rl;rfrf ./“firiflrlrhrrrr N :r....r » VN). . f./r P e N .V\I/ b
v . ~ 8 o = 0 U i B fwmq/””hnﬂﬂﬁrf&;L%M ..l../..hwl_... N - nu Pl ZT(uAr ..A.r}/..
f{f?f% R 5 I 1 1 5 9 B e f.,,“fﬂi.umﬂf SSRSNSSOSONAAS Y s BaNNENST
e T S N R e PR
_m C T ! fUL!WUH?AIKH =X . HINCN aV P N
) ~ W 11 L = [~ - *!l - _—— 4 . - 3 L B o s et & | I...:r.............“...........f..’l "...H.....l [V& V. ﬂ ./._ v .ﬂ”
T T R 950 I ) 8% R O O 0 o i o f,fv: ;rhf..rr//h [ M,Afﬂ_b )
HENEUNENER G R 0 5 0 0 O 0 0 Y8 R B AN BNSSSSANN g SaSeasE
HERERENE T E L EEL T - |- § RERE ARERA NSNS NASSSOSSNSSSSSSS
| 1 e
e 3
g B R TR TR R g A R FL o B
oA S o 2 M cd o~ o ™~ o o

35

9.0

8.0

1.0

60

50

45

Entropy,s,kJ/kgK

FIG. A-4M (cont.)



Tabella delle tem-

(segue tab, 4.I)

perat ure-. . B e A
il P ¥ v, o .V. ! Al 5 S.

CO (bar) (M I kg) (mikg).. || (k3ika): || (karkg) | [(kdrkg K) | [(k3/kg K)
0.00 0, 006108 0. 0010002 206, 3 -0, 04 2501. 6 -0, 0002 9. 1577
0,01 0, 006112 0. 0010002 206, 2 0,00 2501, 6 0, 0000 9. 1575
1 0. 006566 0, 0010001 192.6 4.17 2503. 4 0.0152 9.1311

2 0. 007055 0. 0010001 179, 9 8.39 2505, 2 0, 0306 9. 1047

3 0, 007575 0, 0010001 168, 2 U. 60 2507, 1 0, 0459 9.0785
4 0. 008129 0, 0010000 157,3 16, 80 2508, 9 0, 0611 9, 0526

5 0,008718 0, 0010000 147,2 21,01 2510, 7 0. 0762 9. 0269

6 0, 009345 0. 0010000 137,8 25,21 2512, 6 . 0, 0913 9.0015

7 0.010012 0, 0010001 129,1 29,41 2514, 4 0. 1063 8, 9762

8 0. 010720 0, 0010001 121.0 33.60 2516, 2 0, 1213 8, 9513

9 0.011472 0. 0010002 113.4 37.80 2518.1 0. 1361 8. 9265
10 0. 012270 0. 0010003 106, 4 41,99 2519.9 0.1510 8. 9020
n 0.013116 0. 0010003 99, 91 46.19 2521.7 0. 1658 8,8776
12 0.014014 0. 0010004 93.84 50. 38 2523.6 0. 1805 8. 8536
13 0. 014965 0, 0010006 88.18 54.57 2525. 4 0, 1952 8. 8297
14 0.015973 0, 0010007 82.90 58, 75 2527.2 0, 2098 8. 8060
15 0, 017039 0. 0010008 77.98 62.94 2529. 1 0, 2243 8, 7826
16 0.018168 0, 0010010 73, 38 67,13 2530. 9 0.2388 817593
i 17 0. 019362 0. 0010012 69. 09 71.31 2532.7 +0, 1533 8, 7363-
©18 0, 02062 0, 0010013 65. 09 75. 50 2534, 5 0. 2677 8.7135
19 0. 02196 0, 0010015 61. 34 . 79.68 2536. 4 0,2820. |.- 8.6908
20 0.02337 0.0010017 57, 84 83. 86 2538. 2 0.2963 * 8. 6684
21 0. 02485 0.0010019 54. 56 88, 04 2540. 0 0. 3105 8. 6462
22 0. 02642 0, 0010022 51. 49 92,23 2541. 8 0. 3247 8. 6241
23 0. 02808 0. 0010024 48.62 96. 41 2543. 6 0, 3389 8. 6023
24 0. 02982 0. 0010026 45.93 100. 59 2545. 5 0, 3530 8. 5806
25 0. 03166 0. 00 029 43.40. 104. 77 2547.3 0.3670 8, 5592
26 0. 03360 0, 0010032 41.03 108. 95 2549. 1 0. 3810 8. 5379
27 0. 03564 0 Q0 B4 38.81 113.13. 2550. 9 0. 3949 8.5168
28 0.03778 0, 0010037 36.73 117,31 2552. 7 0. 4088 8, 4959.
29 0. 04004 0. 0010040 34.77 121. 48 2554.5 0, 4227 8. 4751
30 0. 04241 0. 00 0043 32.93 125. 66 2556. 4 0, 4365 8, 4546
31 0. 04491 0, 0010046 31.20 129. 84 2558, 2 0. 4503 8. 4342
32 +0. 04753 0. 0010049 29.57 134. 02 2560. 0 0. 4640 8. 4140
33 0. 05029 0. 00 0063 28.04 138. 20 2561, 8 0, 4777 8. 3939
34 0.05318 0. 00 0066 , 26. 60 142. 38 1563. 6 0.4913 8. 3740
35 0. 05622 0. 0010060 125. 24 146. 56. 2565. 4 0. 5049 8. 3543
36 0. 05940 0. OOl 0063 23.97 150. 74 2567, 2 0.5184 8.3348
37 0. 06274 0, 0010067 22.76 154. 91 2569. 0 0.5319 8. 3154
38 0. 06624 0. 0010070 21.63 159. 09 2570.8 0, 5453 8. 2962

. 39 0. 06991 0. 0010074 20. 56 163. 27 2572.6 0. 5588 8, 2772
40 0. 07375 0, 0010078 19.55 167.45 1574.4 0.5721 8. 2583
4 0.07777 0. 0010082 18, 59 171, 63 2576,2 | ' 0,5854 8, 2395
42 0.08198 0, 0010086 17, 69 175, 81 2577,9 0, 5987 8, 2209
43 0. 08639 0. 0010090 16. 84 179. 99 2579, 7 0. 6120 8, 2025
44 0. 09100 0, 0010094 16, 04 184, 17 2581, 5 0. 6252 8, 1842

(] P v V, Al .n'l. 55 SH
CQ (bar) (m/kg) (m/kg) (k37 kg) (kJ/ kg) (kd/kg K) || (kIrkg K)
45 0. (9582 0. 0010099 15.28 188. 35 2583. 3 0. 6383 8. 1661
46 0, 10086 0.0010103 14.56 192,53 2585. 1 0. 6514 8. 1481
a7 0, 10612 0, 0010107 13, 88 196, 71 2586. 9 0. 6645 s' 1302
418 0, 11162 0,0010112 13.23 200. 89 2588, 6 0, 6776 8. 1125
49 0, 11736 0.0010117 12, 62 205, 07 2590. 4 0. 6906 8. 0950
50 0.12335 0.0010121 12. 05 209, 26 2592. 2 0. 7035 8.0776
51 0, 12961 0.0010126 11. 50 213, 44 2593. 9 0. 7164 8, 0603
52 0, 13613 0, 0010131 10. 98 217.62 2595. 7 0.7293 8’ 0432
53 0.14293 0.0010136 10. 49 221. 80 2597.5 0. 7422 8. 0262
54 0, 15002 0, 0010140 10. 02 225.98 2599. 2 0. 7550 8. 0093
55 0. 15741 000045 9.579 230. 17 2601.0 0.7677 7,9926
56 0, 16511 0, 0010150 9. 159 234.35 2602.7 0, 7804 7' 9759
57 0.17313 0 00 a 56 8. 760 238.53 2604.5 0. 7931 7- 9595
58 0.18147 0. 0010161 8.381 242,72 2606. 2 0. 8058 7. 9431
59 0, 19016 0, 0010166 8.021 246. 91 2608. 0 0.8184 7.9269
60 0.19920 0.0010171 7.679 251. 09 2609. 7 0. 8310 7.9108
61 0, 2086 0 ooLa 77 7.353 255. 28 2611. 4 0. 8435 7.8948
62 0.2184 0.0010182 7.044 259. 46 2613. 2 0. 8560 7. 8790
63 0, 2286 0. 00 O 88 6.749 263. 65 2614.9 0. 8685 7.8633
64 0.2391 0. 00 0 93 6. 469 267.84 2616, 6 0. 8809 7.8477
65 0, 2501 0,0010199 6, 202 272.02 2618. 4 0.8933 7.8322
66 0.2615 0 00 R 5.948 276. 21 2620, 1 0. 9057 7.8168
67 0, 2733 0, 0010211 5. 706 280. 40 2621.8 0.9180 7. 8015
68 0. 2856 0.0010217 5. 476 284.59 2623.5 0.9303 7.7864
69 0.2984 0, 0010223 5.256 288.78 2625. 2 0.9426 7.7714
70 0.3116 0 0 228 5. 046 292.97 2626. 9 0.9548 7.7565
71 0, 3253 0 00 35 4.846 297.16 2628. 6 0.9670 7.7417
72 0. 3396 0. 00 0241 4. 656 301. 35 2630. 3 0.9792 7.7270
73 0.3543 0.0010247 4.474 305. 55 2632.0 0.9913 7.7124
74 0. 3696 0 00 0253 4, 300 309. 74 2633,7 1.0034 7.6979
75 0. 3855 0, 0010259 4.134 313.94 2635, 4 ,0154 7.6835
76 0, 4019 0, 0010266 3.976 318,13 2637.1 . 0275 7.6693
77 0, 4189 0.0010272 3.824 322.33 2638.7 1. 0395 7.6551
78 0, 4365 0. 00 @79 3. 680 326. 52 2640. 4 L. 0514 7.6410
79 0. 4547 0, 0010235 3.541 330.72 2642.1 1, 0634 7.6271
80 0, 4736 0. 0010292 3. 409 334,92 2643. 8 1, 0753 7.6132
81 0. 4931 0, 0010299 3,283 339. 11 2645. 4 0871 7, 5995
82 0.5133 0. 00 0305 3.162 343. 31 2647.1 . 0990 7, 5858
83 0.5342 0 00 @I 2 3.046 347.51 2648. 7 1.1108 7.5722
84 0. 5557 0, 0010319 2.935 351.71 2650. 4 L. 1225 7.5588
& 0.5780 0. 0010326 2. 829 355. 92 2652. 0 . 1343 7.5454
86 0.6011 0 00 833 2,727 360. 12 2653. 6 . 1460 7.5321
87 0. 6249 0O 00 B840 2.630 364. 32 2655. 3 1577 7.5189
88 0. 6495 0; 0010347 2.536 368. 53 2656. 9 . 1693 7.5058
89 0, 6749 0, 0010354 2, 447 372.73 2658, 5 . 1809 7. 4928




t P ¥y V. A Z A Iy »,
(°Q (bar) (m /kg) (rn'/kg) (kIkg) || (kirkg) || (kirkg K) || (t»/kg K)
90 0.7011 0, 0010361 2. 361 376, 94 2660, 1 . 1925 7.4799
a1 0.7281 0. 0010369 2,279 381.15 2661, 7 , 2041 7. 4670
92 0, 7561 0. 0010376 2,200 385, 36 2663, 4 , 2156 7.4543
93 0. 7849 0. 00l 0384 2.125 389, 56 2665, 0 L2271 7.4416
94 0.8146 0 00 (891 2.052 393, 7B 2666, 6 , 2386 7, 4291
95 0. 8453 O 00l (899 . 982 397,99 2668. 1 . 2501 7, 4166
9 0. 8769 0. 0010406 . 915 402, 20 2669, 7 , 2615 7, 4042
97 0. 9094 0.0010414 . 851 406, 42 2671.3 , 2729 7,3919
93 0. 9430 0. 0010421 , 789 410, 63 2672.9 . 2842 7, 3796
9 0.9776 0. 0010429 , 730 414, 85 2674. 4 . 2956 7.3675
100 1.0133 O 0l ;437 ,673 - 419. 06 2676, 0 1, 3069 7.3554
110 1. 4327 QO 00 61 9 1.210 461, 32 2691, 3 1. 4185 7,2388
120 1.9854 0. 0010606 0. 8915 503. 72 2706.0 1.5276 7.1293
130 2.7013 0. 0010700 0. 6681 546. 31 2719, 9 1. 6344 7.0261
140 3.614 0.0010801 0. 5085 581.10 2733, 1 1. 7390 6.9284
150 4.760 0. 0010908 0.3924 632. 15 2745, 4 1.8416 6, 8358
160 6,181 0. 0011022 0. 3068 675. 47 2756.7 1, 9425 6, 7475
170 7,920 0. 0oLl 145 0. 2426 719. 12 2767.1 2, 0416 6, 6630
—MB0 10, 027 0.0011275 0.1938 763, 12 2776, 3 2.1393 6.5819
190 12,551 0. 00 1415 0. 1563 807. 52 2784.3 2.2356 6. 5036
200 15. 549 0. 0011565 0.1272 852. 37 2790. 9 2. 3307 6. 4278
210 19. 077 0.0011726 0, 1042 897. 74 2796. 2 2, 4247 6. 3539
220 23.198 0.0011900 0. 08604 943. 67 2799.9 2,5178 6.2817
230 27.976 0. 00l 2087 0.07145 990. 26 2802.0 2.6102 6.2107
240 33.478 0.0012291 0. 05965 1037. 6 2802.2 2.7020 6. 1406
250 39.776 0.00 2513 0 G0 1085, 8 2800. 4 2,7935 6.0708
260 46. 943 0. 00l 27S6 0, 04213 1134,9 2796. 4 2.8848 6. 0010
270 55. 058 0 00 325 0. 03559 1185. 2 2789.9 2.9763 5. 9304
280 64, 202 O 00 3324 0 o803 1236, 8 2780. 4 3, 0683 5. 8586
290 74. 461 0, 0013659 0. 02554 1290.0 2767, 6 3.1611 5, 7848
300 85. 927 0. 0014041 0.02165 1345.0 2751.0 3. 2552 5.7081
310 98. 700 0. 0014480 0,0(833 14Ce. 4 2730.0 3.3512 5.6278
320 112.89 0. 0014995 0.01548 1462. 6 2703,7 3. 4500 5.5423
330 128. 63 0, 0013615 0.01299 1526. 5. 2670. 2 3.5528 5. 4490
340 146. 05 0. 00l 6387 0,01078 1595, 5 2626, 2 3. 6616 5.3427
350 165. 35 0 00 7411 0.008799 | 1671.9 2567.7 3. 7800 5.2177
360 186. 75 0 0018959 0. 006940 1764. 2 248s. 4 3.9210 5. 0600
370 210. 54 0.0022136 Qd o973 | 1890.2 2342.8 4.1108 4,8144
') 374.15 221.20 00m®I7 0. 00317 2107. 4 .4, 4429

Tab. 4.11 -~ Proprietd termodinamiche del vapore e dell’acqua. Stato di

saturazione, Tabella delle

pressioni,
p I vy Ve hy A N s,
(bar) CQ (M /kg) (m/kg) (k3! kg) (kJ/ kg) (kd/ kg K) l (kd/kg K)
T

)0,006112 | 0,01 0, 0010002 206, 2 0, 00 2501. 6 0. 0000 9.1575
0.010 6.9828 0, 0010001 129. 20 29. 34 2514. 4 0, 1060 8.9767
0,015 13.036 0. 0010006 87.98 54.71 2525.5 0.1957 8. 82SS
0.020 17,513 0. 0010012 67.01 73. 46 2533. 6 0. 2607 8. 7246
0,025 21.096 0, 0010020 54, 26 88. 45 2540. 2 0.3119 8. 6440
0,030 24. 100 0. 00 27 45. 67 101, 00 2545. 6 0. 3544 8.5785
0.035 26, 694 0. 001 0033 39. 48 111. 85 2550. 4 0. 3907 8.5232
0. 040 28. 983 0. 0010040 34. 80 121. 41 2554.5 0.4225 8. 4755
0. 045 31.035 0. 0010046 31.14 129. 99 2558. 2 0. 4507 8. 4335
0. 050 32. 891 0 00 052 28,19 137,77 2561. 6 0. 4763 8. 3960
0. 055 34. 605 0, 0010058 25.77 144. 91 2564. 7 0. 4995 8.3621

- 0.060 36, 183 0, 0010064 23.74 151. 50 2567.5 0.5209 8.3312
0, 065 37,651 0. 0010069 22.02 157. 64 2570. 2 0. 5407 8.3029
0, 070 39, 025 0. 00 074 20. 53 163. 38 2572.6 0. 5591 8.2767
0,075 40. 316 0. 0010079 19. 24 168. 77 2574.9 0.5763 8.2523
0.080 41.534 0. 0010084 18, 10 173. 86 2577.1 0. 5925 8. 2296
0. 085 42.689 0. 00 0CBY 17.10 178. 69 2579. 2 0. 6079 8. 2082
0.090 43.787 0. 00 04 16. 20 183. 28 2581. 1 0. 6224 8. 1SSl
0. 095 44.833 0. 00 08 15, 40 187. 65 2583. 0 0. 6361 8. 1691
0,10 45. 833 0. 0010102 14. 67 191. 83 2554.8 0. 6493 8. 15t |
0.11 47.710 0,0010111 13. 42 199. 68 2558. 1 0, 6738 8. U77
0.12 49, 446 0. 0010119 12.36 206, 94 2591. 2 0. 6963 8.0872
0,13 51, 062 0.0010126 11. 47 213.70 2594.0 0.7172 8. 0592
0.14 52,574 0. 00 0133 ' 10, 69 220. 02 2596. 7 0.7367 8.0334
0.15 53.997 0, 0010140 10, 02 225. 97 2599. 2 0. 7549 8. 0093
0.16 55. 341 0.0010147 9.433 231.59 2601. 6 0.7721 7. 9869
0.17 56. 615 0, 0010154 8.911 236. 93 2603. 8 0 7SS3 7.9<J58
0.18 57,826 0. 0010160 8. 445 241, 99 2605. 9 0. 8036 7. 9460
0.19 58, 982 0, 0010166 8.027 246. 83 2607. 9 0.8182 7. 9272
0.20 60. 086 ooaavr72 7.650 251. 45 2609.9 0. 8321 7.9094
0.21 61.145 ocoav7s 7.307 255. 88 2611. 7 0. 8453 7.8925
0.22 62.162 O 00 ad83 6. 995 260. 14 2613.5 QO S58I 7.8764
0.23 63. 139 Q0o asy 6. 709 264. 23 2615. 2 0. 8702 7.8611
0.24 64. 082 0.0010194 6. 447 268, 18 2616. 8 0. 8820 7.8464
0.25 64.992 0.0010199 6. 204 271.99 2618. 3 0. 8932 7.8323
0.26 65. 871 0. 0010204 5. 980 275. 67 2619. 9 0, 9041 7.8138
0. 27 66. 722 0. 0010209 5.772 279. 24 2621.3 0.9146 7.8058
0.28 67.547 0. 0010214 5,579 282. 69 2622.7 0.9248 7.7933
0.29 68. 347 0. 0010219 5.398 286, 05 2624.1 0.9346 7.7812
0.30 69, 124 0 00 @23 5.229 289. 30 2625. 4 0. 9441 7.7695
0.32 70. 615 0. 0010232 4.922 295. 55 2628.0 0. 9623 7.7474
0.34 72.029 0. 0010241 4. 650 301. 48 2630. 4 0.9795 7.7266
0.36 73.374 0 00 (249 4. 408 307.12 2632. 6 0. 9958 7.7070
0.38 74. 658 0, 0010257 4,190 312. 50 2634.8 1,0113 7.6884

punto critico.

(*) punto triplo.




(segue tab. 4.11)

1785.0

P : v A hy: h, 5 5,
(bar) *Q (m*/kg) (m'/kg) (ki/kg) | (kikg) | (kikgK) | (kI/kg K)
0.40 75,886 0,0010265 3,993 117,65 2636,9 ‘1,0261 7.6709
0,45 78,743 0,0010284 3,576 329,64 2641,7 1,0603 7,6307
0,50 81,345 0,0010301 3,240 340,56 2646,0 1,0912 7.5947
0.55 83,717 0,0010317 2,964 350,61 2649,9 1,1194 17,5623
0,60 85,954 0,0010333 2,12 359,93 2653,6 1.1454 7.5327
0,65 28,021 0,0010347 2,515 368,62 2636,9 1,1696 7,505%
0,70 89,959 0,0010361 2,165 376,17 2660, 1 1,1921 .| 17,4804
0,75 91,785 0,0010175 2,217 384,45 2661,0 1,2131 7.4570
0,80 93,512 0.0010387 2,087 391,712 2665,8 1,2330 17,4352
0,85 95,152 0,0010400 1,912 398,61 2668,4 1,2518 7.4147
0,90 96,711 0,00104}2 1,869 405,21 2670,9 1,2696 7,3954
a.9s 98,204 0,001042] 1,777 411.49 267,2 1,2865. 7,370
1.0 99,612 0.0010434 1,694 417,51 2675,4 1,3027 17,3598
1.2 104,81 0,0010476 1,428 419,36 268),4 1.3609 7.2984
1.4 109,32 0,0010513 1,236 458,42 2690,3 1,4109 7,2465
1 -
1,6 113,12 0.0010547 1.091 475,11 2696,2 1,4550 7.2017
1.8 116,93 0.0010579 0,97172 490,70 2701,5 1,494 17,1622
2,0 120,23 0,0010608 0,8854 504,70 21706, 1,5301 7,1268
3.2 123,27 0.0010616 0,8098 517,62 2710,6 1,5627 7.0949
2,4 126,09 0,0010663 0,7465 529,64 2714,5 1,5929. 7.0657
2,6 128,711 0,0010688 0,6925 540,87 2718,2 1.6209 7.0389
2,8 131,20 0,0010712 0,6460 551.44 21121, 1.6471 71,0140
1,0 131,54 0.0010735 0,6056 561,43, 2724,7 1.6716 6.9909
1,5 138,87 0,0010789 0,5240 584,27 2711,6 1,721 6,9192
4,0 141,62 0,0010839 0,4622 604,67 2717,6 1,7764 6.8943
4.5 147,92 0,0010885 0,418 621,16 2742,9 1.8204 6.8547
3.0 151,84 0,0010928 0,3747 640,12 2747,5 1.8604 6,8192
6.0 158,84 0,0011009 0,3155 670,42 2755,5 1,9308 '6,7575
7.0 164,96 0.0011082 0,2727 697,06 2762,0 1,9914 6,7052
8,0 170,41 0;0011150 0,2403 720,94 | _2761,5 2,0457 6,6596
9,0 175,36 0,0011213 0,2148 .742,64 2172,1 2,0941 6,6192
10,0 179,88 0,0011274 0,1943 762,61 27762 2,1382 6,5828
12,0 187,96 0,0011386 0,162 798,43 2182,7 2,2161 ‘| = 6,5194
14,0 195,04 0.0011489 0,1407 810,08 2787,8 2,2837 6.4651
16,0 201,37 0.0011586 0,1237 858,56 2191,7 2,3436. | . 6.4175
18,0 207,11 0,0011678 a,1101 884,58 2794,8 1,1976 6,3751
20,0 212,37 0.0011766 0,00954 908, 59 2191.2 2,4469 6,1367
25,0 223,94 0,0011972 0,07991 961,96 2800,9 2,5541 6,2536
L 30 233,84 0.0012163 0,06663 1008, 4 2802, 2,6455 6,1837
s 241,54 0,0012345 0,05703 1049,8 ~ | * 2802,0 | ' 2,7253 6,1228
40 250,33 0.0012521 0.04975 1087,4 2800,3 2,7965 |* 6,068
45 257,41 0,0012691 0,04404 1122,1 197,7° | 2.8612 6,0191
50 261,91 0,0012858 0,03943 1154,5 2794, 2,9206 | 5,975
(1] 269,931 0,0011023 0,01563 1184,9 2789,9 2,9157 5,9309
60 275,55 _0,0013187 0,03244 1213,7 i 5,8508

2270

(segue tab,. 4.I1)
P f " v h¢ A, £ %
(bar) 0 (m?/kg) (m*/kg) (kifkg) | (kJjkg) | (kg K) | (kI/kg K)
65 280,82 | 0,0013350 0,02972 1241,1 2719,5 3,0759 5.8527
70 285,79 0,00113513 0,02737 1267,4 2713,5 31219 5,8162
75 290,50 0.0013677 10,0251 1292,7 1766,9 3,1657 5.7811
80 294,97 0,0013842 | 0,02351 1317,1 2759,9 3,2076 5.471
85 299,23 0,0014009 0,02193 1340,7 2752,5 31,2479 5,7141
%0 303,31 0,0014179 0,02050 1363,7 2744.6 31,2867 5.6820
95 307,21 D,0014351 D.01921 1386.1 2736.4 3,242 5,6506
100 310,96 0,0014526 0,01804 1408,0 2121,7 13,3605 5,6198
1o 118,05 0,0014887 0,01601 1450,6 2709,3 3,4304 5,5508
120 324,65 0,0015268 0,01428 1491,8 2689,2 31,4972 5,5002
130 330,83 0,0015672 0,01280 1532,0 2667,0 1,5616 5.4108
140 116,64 0,0016106 0.01150 1571.6 26424 31,6242 5,330
150 342,13 0,0016579 0,01034 1611.0 2615.0 3,6859 5,178
160 347,13 0,0017103 0,009308 | 1650,5 2584,9 3,747 3,2531
170 - 152,26 0,0017696 0,008371 | 1691.7 2551.6 31,8107 5.1855
180 356,96 0,0018199 0,007498 | 1734.8 - 2511,9 31,3765 5.1128
190 361,43 0,0019260 0,006678 | 1778.7 2470.6 3.9429 5,0112
200 365,70 0,0020370 0,005877 | 1826.5 2418,4 4,0149 4,9412
210 169,78 0,002201§ 0,005023 | 1886,3 2341,6 4,1048 4,823
220 373,69 0,0026714 0,003728 | 2011,1 2195,6 4,12947 4,5799
™ uﬁWﬂ 374,15 0,00117 i 21074 4,4429

(*) punio critico.



(segue Ub. 4.1)
p f - Ve v V h. 5 L
(bar) CQ (m/kg) (M /kg) (kJ/ kg) (kJlkg) || (kg K) || (k3rkg K)
0. 40 75. 886 0. 00 (265 3.993 317.65 2636. 9 1.0261 7.6709
0,45 78.743 0. 00 (284 3,576 329. 64 2641, 7 1, 0603 7,6307
0.50 81, 345 0, 0010301 3,240 340. 56 2646. 0 1, 0912 7.5947
0.55 83.737 0.00 @BI'7 2,964 350. 61 2649, 9 1,1194 7,5623
0, 60 85, 954 0 00 (833 2.732 359. 93 2653, 6 1. 1454 7.5327
0, 65 88, 021 0. 00l 847 2,535 368. 62 2656. 9 1,1696 7, 5055
0.70 89. 959 Q 00 CB6l 2.365 376. 77 2660, ! 1, 1921 7. 4804
0.75 91.785 Q 00 0375 2.217 384. 45 2663.0 1.2131 7.4570
0.80 93.512 0, 0010387 2.087 391. 72 2665. 8 1. 2330 7.4352
0.85 95. 152 0, 0010400 1.972 398, 63 2668. 4 1. 2518 7.4147
0, 90 96.713 0,001041. *' 1,869 405. 21 2670. 9 1, 2696 7.3954
0.95 98. 204 0 00 ;423 1.777 411. 49 2673. 2 1, 2865 7.3771
1.0 99. 632 0 00 0434 1.694 417.51 2675. 4 1, 3027 7,3598
1.2 104. 81 0. .00 ;%476 1.428 439. 36 2683. 4 1, 3609 7,2984
1,4 109. 32 0.001051] 1.236 458, 42 2690, 3 1, 4109 7.2465
16 113.32 0. 0010547 1.001 475. 38 2696. 2 , 4550 7,2017
1,8 116, 93 0.00 0679 0,9772 490, 70 2701,5 , 4944 7.1622
2.0 120. 23 0, 0010608 0, 8854 504. 70 2706, 3 , 5301 7,1268
2.2 123, 27 0. 0010636 0. 8098 517. 62 2710, 6 , 5627 7.0949
2.4 126. 09 0. 0010663 0, 7465 529. 64 2714.5 . 5929 7,0657
2.6 12», 73 0. 0010688 0, 6925 540. 87 2718, 2 , 6209 7,0389
2.8 131. 20 0.00 0712 0. 6460 551. 44 2721,5 .6471 7.0140
3.0 133,54 0.00 0735 0, 6056 561. 43 2724, 7 . 6716 6. 9909
3.5 138. 87 0. 0010789 0. 5240 584, 27 2731, 6 7273 6. 9392
4.0 143. 62 0. 00 (839 0, 4622 604, 67 2737, 6 , 7764 6.8943
4.5 147,92 0. 00 885 0. 4138 623. 16 2742,9 8204 6. 8547
5.0 151, 84 0, 0010928 0. 3747 640. 12 2747.5 . 8604 6.8192
6.0 15S. 84 0.0011009 0. 3155 670. 42 2755.5 ,9308 6. 7575
7.0 164. 96 0.00 | 082 0.2727 697. 06 2762.0 .9918 6, 7052
8,0 170. 41 0. 0011150 0. 2403 720. 94 2767,5 2.0457 6, 6596
9.0 175. 36 0.0011213 0.2148 742, 64 2772.1 2, 0941 6, 6192
10, 0 179, 88 0.0011274 0,1943 762. 61 2776. 2 2,1382 6, 5828
12,0 187, 96 0. 001386 0, 1632 798. 43 2782.7 2,2161 |+6.5194
14.0 195, 04 0. 0011 489 0. 1407 830, 08 2787.8 2, 2837 6. 4651
16,0 201, 37 0 00 1586 0,1237 858. 56 2791. 7 2,3436 | . 6.4175
18.0 207.11 0.0011678 0,1103 884, 58 2794.8 2.3976 6. 3751
20.0 212.37 0.001 1766 0, 09954 908. 59 2797.2 2. 4469 «. 3367
25.0 223. 94 0.0011972 0. 07991 961. 96 2800. 9 2.5543 6. 2536
30 233. 84 0.00 2163 0. 06663 1008. 4 2802. 3 2. 6455 6, 1837
35 242, 54 0 00l 2345 0,05703 1049, 8 2802. 0 2,7253 6, 1228
40 250. 33 0 00 252! 0. 04975 1087, 4 2800. 3 2.7965 6, 0685
45 257, 41 0, 0012691 0. 04404 1122.1 2797, 7 2.8612 6.0191
50 263.91 0. 00l 2858 0. 03943 1154.5 2794. 2 2,9206 5.9735
55 269. 93 0 00 323 0. 03563 1184.9 2789.9 2.9757 5,9309
60 275.55 0, 0013187 0, 03244 1213.7 2785.0 3, 0273 5. 8908

3270

(segue tab.. 4.11)

P ! ¥ ¥ Ky h, 5 %
(bar) (9] (m¥fkg) (m"/kg) (ki/kg) (kJ/kg) (kg K) | (k/kg K)
65 280, 82 0, 0013350 0.02972 1241, 1 2779.5 3.0759 5.8527
70 285. 79 Q 001351 3 0. 02737 1267. 4 2773.5 1219 5. 8162
75 290. 50 0. 0013677 0, 02533 1292.7 2766. 9 1657 5.7311
80 294.97 0, 0013842 0, 02353 1317.1 2759.9 2076 5.7471

299. 23 0. Q0l 4009 0, 02193 1340.7 2752.5 2479 5,7141
90 303.31 0.0014179 0, 02050 1363.7 2744.6 3. 2867 5. 6820
%5 307.21 Q 00 435! 0. 01921 1386. 1 2736.4 3, 3242 5. 6506
100 310. 96 0. 0014526 0. 01804 1408, 0 2727.7 3.3605 5. 6198
110 318. 05 0, 0014887 0, 01601 1450. 6 2709. 3 3.4304 5, 5595
120 324. 65 0. 0015268 0, 01428 1491, 8 2689. 2 3, 4972 5. 5002
130 330, 83 0, 0015672 0.01280 1532.0 2667.0 3.5616 S. 4408
140 336, 64 0, 0016106 0.01150 1571.6 2642. 4 3. 6242 5. 3303
150 342,13 0, 0016579 [oXeo:) 1611.0 2615.0 3.6859 5.3178
160 347.33 Q0071 0.007.108  1630.5 25H4. 9 3.7471 5. 25J1
170 352. 26 0. 0017696 0. 00XJ7I 1691. 7 2551. 6 3.8107 5. 1355
180 356. 96 0 00 8399 0.007498  1734.8 2513.9 3.3765 5.1128
190 361. 43 0. 0019260 0.006678  1773.7 2470.6 3.9429 5.0332
200 365. 70 0. 0020370 0.005877  1826.5 2413. 4 4.0149 4.9412
210 369, 78 0, 0022015 Q 0623 1886, 3 2347.6 4,1048 4.8223
220 373.69 0, 0026714 0,003728 2011, 1 2195, 6 4. 2947 4,5799
(*}221120  374.15 0. 00317 2107,4 4.4429

(*) punto critico.




